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INTRODUCTION 

The  carrying  capacity  of  pipes  made  of  sheet  and  plate  steel  or 
iron  as  used  in  general  service  for  the  conveyance  of  water  under 
pressure  is  discussed  in  this  buDetin.  The  discussion  does  not  in- 
clude pipes  of  cast  iron,  lead,  brass,  tiQ,  or  iron  or  steel  pipes  lined 
with  various  materials,  such  as  cement,  concrete,  or  wood,  nor  does  it 
include  pipes  flowing  partly  full.  Corrugated  metal  pipes  flowing 
part  full  are  covered  m  other  publications  \l82,  183)}  The  majority 
of  pipe  lines  discussed  in  this  pubUcation  are  of  riveted  steel.^ 

The  research  work,  in  conducting  field  experiments  and  in  collect- 
ing all  other  known  data  on  the  subject,  was  for  the  primary  purpose 
of  determining  the  proper  capacity  of  pipes  for  the  conveyance  of 
water  for  irrigation  use.  The  laws  thus  developed  of  course  apply 
equally  well  if  the  water  is  to  be  conveyed  for  power,  domestic  or 
other  use. 


» Italic  figures  in  parentheses  refer  to  "  Literature  cited,"  p.  128. 

*  Essentially  the  subject  is  that  of  the  flow  of  water  in  riveted  steel  and  analogous  pipes;  that  is,  in  other 
sheet  and  plate  metal  pipes  that  are  partially  riveted  or  have  been  formed  by  methods  that  replace  the 
riveting  process.  The  discussion  is  based  on  field  tests  for  the  most  part;  these  were  made  on  pipes  in 
commercial  operation  as  distinguished  from  perfectly  straight  lines  set  up  for  laboratory  tests.  This  bulle- 
tin is  offered  for  use  of  engineers  and  other  officials  designing  and  operating  metal  pipe  lines  (except  cast 
iron)  for  irrigation,  power,  municipal,  mining,  dredging,  or  other  purposes,  and  for  courts  and  attorneys 
at  law  interested  in  cases  involving  the  carrying  capacities  of  such  metal  pipes. 
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Examination  of  practice  in  selecting  pipe  for  conveying  irrigation 
water  shows  that  sheet  steel  and  iron  pipe  divides  the  field  with  con- 
crete and  wood-stave  pipe  and,  to  a  limited  extent,  with  vitrified- 
clay  i)ipe.  Many  irrigation  systems  in  southern  California  have 
extensive  mileage  of  both  metal  and  concrete  pipe  operating  under 
conditions  essentially  identical.  In  mimicipal  use,  main  trunk  lines 
from  the  source  of  supply  to  the  city  are  built  of  many  materials, 
with  steel  sheets  or  plates,  concrete,  and  wood  staves  predominating. 
In  the  development  of  hydroelectric  power,  the  flow  lines  under 
moderate  pressm-e  are  constructed  of  wood  staves,  concrete,  and  steel 
plates,  but  penstocks  down  the  main  power  drops  are  almost  invariably 
made  of  steel  plates,  either  riveted  or  welded.  As  a  rule  large  in- 
verted siphons  on  irrigation,  power,  or  municipal  supply  lines  are 
made  of  steel  plate,  concrete,  or  wood-stave  pipe. 

This  bulletin  deals  with  pipes  of  nominal  4-inch  size  and  larger. 
Several  bulletins  recently  published  by  various  institutions  discuss 
flow  of  water  in  particular  kinds  of  small  metal  pipes.  To  save 
space,  relevant  detailed  data  from  these  bulletins  will  not  be  repeated, 
but  the  net  results  of  each  experiment  cited  will  be  converted  to  a 
common  basis  for  comparison.  The  bulletins  referred  to  comprise 
the  following  citations:  (^5,  7^,  75,  5i). 

Heretofore  the  designation  ''riveted  pipe"  or  "steel  pipe"  has 
generally  been  considered  specific  enough  as  a  basis  for  recommenda- 
tions covering  capacity,  but  such  pipe  will  now  be  separated  into 
three  major  classes:  (1)  Full-riveted  pipe,  (2)  girth-riveted  pipe,  and 
(3)  continuous-interior  pipe.  Different  coefficients  of  retardation 
will  be  suggested  for  each  class.  It  will  be  shown  that  thin-sheet 
pipe  with  flat-head  rivets  well  buried  in  coating  material — a  type 
of  pipe  commonly  used  in  irrigation  practice — has  a  capacity  appre- 
ciably above  that  of  plate  pipe  with  the  usual  prominent  rivet  heads. 
It  has  long  been  understood  that  metal  pipe  deteriorates  in  capacity 
with  age,  but  enough  significant  data  are  now  at  hand  to  form  the 
basis  of  a  reasonable  tentative  law  for  deterioration. 

It  has  been  often  suggested  that  the  laws  of  fluid  similarity  and 
the  viscosity  of  water  as  influenced  by  its  temperature  be  considered 
in  the  derivation  of  capacity  formulas.  This  has  been  done,  but  in 
making  recommendations  the  author  suggests  coefficients  for  a 
temperature  of  15°  C.  (about  60°  F.),  and  then  shows  the  percentage 
difference  in  capacity  for  any  other  temperature  that  may  be  used 
as  a  criterion — this  difference,  however,  is  so  small  that  it  may  be 
neglected  for  most  practical  cases.  This  is  true  because  the  coefl&- 
cient  which  probably  would  hold  in  any  particular  conduit  at  any 
particular  time  is  much  further  from  precise  determination  in  advance 
than  any  difference  temperature  would  produce.  If  it  had  not  been 
true,  such  formulas  as  the  Williams-Hazen  could  not  have  attained 
their  high  standing  through  a  period  of  25  years  and  still  disregard  all 
influence  of  viscosity,  except  as  this  influence  existed  in  the  base  data 
used  in  the  formulas'  derivation. 
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NOTATION 

Unless  otherwise  noted  the  various  symbols  used  throughout  this 
publication  will  have  the  following  significance: 

d=Mean  inside  diameter  of  the  pipe  in  inches. 
Z>=Mean  inside  diameter  of  the  pipe  in  feet. 
Q  =  Mean  discharge  of  the  pipe,  during  the  test,  in  second-feet. 
A  =  Mean  area  of  the  pipe  bore,  in  square  feet. 
F=Mean  velocity  of  the  water,  during  the  test,  in  feet  per  second. 
L= Length  of  reach  tested,  in  feet. 

.  HL 

hf  =He&d  of  elevation  lost  in  overcoming  internal  resistance,  in  feet  =,  ^^^» 

iy= Above  loss  (usually  termed  friction  loss),  per  1,000  linear  feet  of  pipe 
1.000  hf 
~     L 
/i,=Head  of  elevation  lost  in  creating  the  mean  velocity,  V,  in  feet;  called 

velocity  head. 
p= Wetted  perimeter;   in  a  pipe  under  pressure,  the  inside  circumference, 
=  TrD  or  2irr,  in  feet. 

A  D 

i2  =  Hydraulic  radius  =p)    in  a  circular  pipe,  under  pressure,  =27'  iii^eet. 

s  =  Hydraulic  grade  or  slope,  in  feet  per  foot  of  length  of  a  pipe  of  uniform 

hf 
size  =y 

C= So-called  "coefficient  of  retardation"  in  the  Chezy  formula. 
n=" Coefficient  of  roughness"  (67)  in  Kutter's  formula.     As  it  appears  in 
the  formula,  n  is  not  a  coefficient,  mathematically  considered. 
Cu,= Retardation  coefficient  in  the  Williams-Hazen  formula,  as  named  by  its 
authors  (Jf^O).     Some  present-day  writers  call  it  "Hazen- Williams." 
''=  Retardation  coefficient  in  the  Weisbach  formula. 

=  Retardation  coefficient  in  the  general  exponential  formula  for  flow  of 
water  in  pipes. 
1^,=  General  coefficient  in  the  particular  formulas  offered  in  this  bulletin  on 

pages  10  and  79.  K,'  is  this  value  for  new  pipe. 
Af= Retardation  coefficient  in  any  one  particular  pipe  equation  (14,  p.  79). 
It  is  the  intercept  on  the  line  V=l  when  the  equation  is  platted  on 
logarithmic  paper  as  in  Figure  3. 
M'  =  Intercept  M  when  projected  from  individual  points  at  the  accepted 
slope  of  1.9.  Used  only  where  data  are  insufficient  for  development 
of  M. 

!*= Kinematic  viscosity  of  water = -^ cos   y^  gjven  in  the  C.  G.  S. 

system  and  in  English  units  in  Table  6. 
m= Retardation  coefficient  when  viscosity  is  considered,  as  in  formula  20, 

page  79,  and  in  column  15,  Table  1. 
c=Base  of  Naperian  logarithms;  equal  to  2.7183;  found  in  exponential 
formulas  involving  the  laws  of  organic  growth,  of  organic  decay,  of 
compound  interest,  and  others.  In  this  bulletin  such  a  law  fits  the 
data  as  to  the  increase  in  the  retardation  coefficient  with  the  passage 
of  time,  t  years.     (See  p.  89  and  fig.  7.) 

Sheet-metal  thickness  is  referred  to  by  gauge  number  for  pipe  use, 
ranging  from  one-fortieth  inch  for  No.  24  to  three-sixteenth  inch  for 
No.  7.  Plate  metal  runs  from  three-sixteenths  inch  to  IJ^  inches  or 
more  in  thickness. 

Each  reach  of  pipe  tested  is  given  a  number,  carried  consistently 
through  Tables  1  to  4  (pages  23  and  63),  Figure  3,  and  the  description 
of  the  experiments  given  in  the  text  or  the  Appendices.  These  should 
not  be  confused  with  the  numerical  references  to  the  literature 
citations,  which  are  in  italics. 


i: 


TECHNICAL  BtJLLETiN  150,  V.  S.  t>EPT.  OF  AGRICULTURE 
FULL-RIVETED    PIPE.    CLASS   1 


1%^ 


>ooooooooooooo 


Taper  joints 
Class  lb  orlc 


Double-riveted  sheet-steel  pipe 
"Slipjoinftype,   Class  la 


iVVAVtYfflV.VVffi 


Cylinder 'joints 
Class  lb  or  Ic 


Butt-strap  pipe 
Class  Ic  OP  Id 


Spiral-riveted  flange  joints 
Flow  with  laps.  Class  la 


GIRTH-RIVETED  PIPE.  CLASS    2 


Tapered  bump  joints 
Single  riveted 


Straight  bump  joints 
Double  riveted 


Welded  pipe 
Riveted  flanges 


Lock-bar  pipe 

Taper  or  buii-strap  joints,  riveted 

Glass  2 

Flush  welded  flanges,  Class  3 


CONTINUOUS- INTERIOR    PIPE.  CLASS  3 


Welded    pipe  Bell-and-spigot  pipe  Plain  end  coupling  joint 

Flush  joints 

Figure  1.— Typical  joints  that  distinguish  the  various  types  of  riveted  steel  and  analogous  pipes. 
Full  welded  pipe  is  omitted  as  the  interior  is  best  shown  in  photographs  as  on  Plate  1.  (See 
p.  12  for  explanation  of  subdivisions  of  class  1  pipes.) 
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PLATE  1 


A. — New  sheet  metal  Irrigation  pipe.   Taper  joints,  looking  against  direction  of  flow. 

B. — New  spiral  butt-joint  pipe.     Full  welded,  shop  and  field  joints.    Continuous  interior. 

C— New  lock-bar  piiw,  San  Francisco,  Calif.,  56  inches  in  diameter.    Surface  is  smooth 

and  glossy. 
D.— New  girth-riveted  pipe,  East  Bay  municipal  utility  district,  California.    Note  welded 

straight  seam  and  rivets  for  girth  seam;  65  inches  in  diameter.    Note  glossy  coat  when 

first  installed. 
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Plate  2 


A.— Sheet  metal  pipe,  9  years  old.    Conveys  irrigation  water  pumped  from  delta  cone  of  Kaweah 

River,  Calif. 
B. — Wrought-iron  riveted  pipe  about  50  years  old.    Springfield,  Mass.    Taken  up,  cleaned  of 

tubercles,  repainted,  and  relaid  in  secondary  service.    View  by  courtesy  of  Allen  Hazen. 
C— Riveted  steel  pipe  after  about  8  years.    East  Bay  region,  California. 
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TYPES   OF  SHEET   AND   PLATE    METAL   PIPE 

Types  of  pipe  will  be  discussed  only  with  reference  to  capacity. 
Figure  1  shows  several  methods  of  jointing  pipes  which  have  a  direct 
influence  on  the  interior  surface  of  the  pipe  and  hence  on  the  carrying 
capacity.  These  surface  differences  are  immediate  in  effect,  and  are 
in  addition  to  corrugations  of  coating  or  later  developments  of 
chemical  action,  rust  blisters,  and  tubercles.  Sheet-metal  pipe  is 
made  in  thicknesses  from  one-fortieth  inch  (No.  24  gauge),  up  to  three- 
sixteenths  inch  (No.  7  gauge).  Plate-metal  pipe  is  made  from  plates 
three-sixteenths  of  an  inch  up  to  134  inch  or  more.  Obviously  the 
thickness  of  metal  has  a  bearing  on  the  retardation  of  flow.  Where 
the  metal  is  lapped,  thin  sheets  present  slight  offsets  but  plates  offer 
material  obstruction.  Thin  sheets  can  be  crimped  into  unobtrusive 
seams  or  riveted  with  flat-head  rivets  well  buried  in  a  coating, 
while  riveted  plate  pipe  is  usually  seamed  with  protruding  cone- 
headed  rivets.  Occasionally  rivet  heads  are  countersunk  more  or 
less  completely.     (PL  5,  A.) 

For  pipe  up  to  5)^  feet  in  diameter  a  single  longitudinal  seam  is 
necessary;  from  53^  to  11  feet,  two  seams;  from  11  to  16  feet,  three 
seams;  and  from  16  to  21  feet,  four  seams  (32,  p.  424)-  Butt-joint 
pipe  usually  means  "double  butt-strap  pipe"  with  straps  both  inside 
and  outside.  (PI.  6,  A.)  For  butt-joint  pipe  with  the  outside  strap 
only  (pi.  3,  C),  the  plate  thickness  is  not  manifest  on  the  pipe  interior, 
but  the  difference  in  rivet  heads  still  holds. 

In  order  that  the  reader  may  have  a  definite  understanding  of  the 
terms  applying  to  the  various  pipe  lines  and  an  appreciation  of  the 
marked  differences  in  methods  used  in  assembling  unit  sheets  or 
plates  into  completed  pipes,  the  types  most  commonly  used  are 
described  below. 

Full-riveted  pipe  has  all  seams,  longitudinal,  girth,  or  spiral,  held  by  project-^ 
ing-head  rivets. 

Girth-riveted  pipe  has  circular,  "roundabout,"  or  girth  seams  only,  riveted, 
the  longitudinal  or  straight  seam  being  welded,  crimped,  or  "locked"  into  a  con- 
tinuous, more-or-less  smooth  bead.  Welded  pipe  with  screw  joints  also  comes 
under  this  class,  the  excess  threads  on  the  inside  being  taken  as  the  equivalent 
of  girth-rivet  heads. 

Continuous-interior  pipe  has  longitudinal  seams  as  in  class  2,  while  girth  seams 
are  not  evidenced  by  any  material  interior  obstruction;  includes  full-riveted  or 
girth-riveted  pipe  if  all  rivet  heads  are  countersunk  flush  with  the  surface. 

FULL-RIVETED  PIPE 

Full-riveted  pipe  is  made  with  lap  or  butt  joints.  Types  of  join- 
ing are: 

Cylinder  joints,  also  called  "in-and-out,"  or  "parallel"  joints  made  with  alter- 
nate rings  of  inner  (smaller),  and  outer  (larger),  "courses"  of  pipe,  which  pro- 
duce an  enlargement  and  contraction  of  the  water  prism  to  the  extent  of  the  shell 
thickness  for  each  ring  of  pipe.  The  girth  seam  is  generally  single  riveted,  but 
sometimes  double-riveted.  Longitudinal  seams  are  single,  double,  triple,  or  even 
quadruple,  depending  on  the  pressure  head.  The  nominal  diameter  of  the  pipe 
is  that  of  the  inside  of  the  smaller  rings. 

Taper,  slip-joint,  or  stovepipe  joints  are  similar  to  cylinder  joints,  except  that 
each  ring  has  a  slight  taper  and  is  lapped  outside  the  ring  upstream  and  inside 
the  ring  downstream.  (Fig.  1.)  The  term  "taper"  is  usually  applied  to  pipe 
made  of  plates  three-sixteenths  of  an  inch  thick  or  thicker,  and  rarely  less  than 
24  inches  in  diameter.  Thin  sheet  pipe  is  now  made  of  tapered  units  and  gener- 
ally termed  slip  joint  pipe.  As  implied,  the  field  joints  are  made  without  rivets, 
the  end  of  one  length  merely  being  slipped  into  the  larger  end  of  the  adjoining 
length.     Tightness  is  secured  by  preheating  the  coatings  of  both  pipes  at  the 
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joint.  Slip-joint  pipe  is  made  in  sizes  from  4  to  36  inches  and  of  metal  up  to  10 
gauge  in  thickness.  In  sizes  over  20  inches  of  10-gauge  sheets  and  heavier,  the 
field  joints  may  be  riveted  if  desirable. 

Spiral-riveted  pipe  consists  of  a  single  ribbon  of  metal  wound  spirally  with  the 
edges  continuously  overlapping  and  riveted  together.  Lengths  up  to  20  feet  for 
galvanized  and  40  feet  for  asphalted  pipe  are  united  by  bolted  flanges,  slip  joints, 
or  shrunk-and-peened  joints.  The  standard  practice  is  to  lay  the  pipe  so  that 
the  flow  is  ''with  the  laps."  (See  arrow  in  fig.  1.)  Sizes  range  from  3  to  42 
inches. 

Butt-strap  joints  consist  of  a  band  or  strap  of  steel,  girting  the  outside  of  the 
pipe  over  the  abutting  squared  ends  of  the  pipe  rings,  with  a  wider  longitudinal 
strap  on  the  inside  of  the  pipe,  forming  the  straight  seams.  Most  pipe  of  this 
type  (termed  ''double  butt-strap"  pipe),  has,  in  addition,  a  narrower  strap  along 
the  straight  seams  on  the  outside  of  the  pipe.  The  outer  rows  of  rivets  pass 
through  the  wide  inside  band  and  the  main  plate  only;  the  other  rows  extend 
through  both  straps  and  the  ring  plate.  (PL  3,  C.)  In  practice  the  inside  straps 
sometimes  form  a  continuous  band  down  the  top  of  the  pipe  (pi.  6,  A)  and  some- 
times alternate  in  position.  The  abutting  pipe  rings  of  course  favor  high 
carrying  capacity  for  the  line,  but  the  large  number  of  rivet  heads — eight  rows  in 
the  case  of  quadruple-riveted  pipe — appears  to  have  a  marked  retarding  influence. 
Where  the  inside  strap  is  not  continuous,  there  is,  of  course,  a  series  of  strap 
ends  to  retard  the  flow. 

GIRTH-RIVETED  PIPE 

In  recent  years  several  kinds  of  steel  pipe  have  been  placed  on  the 
market,  which  have  more  or  less  smooth  longitudinal  joints  in  con- 
trast to  the  riveted  joints  of  the  pipe  described  above.  These  are 
usually  sold  under  specific  trade  names.  They  subdivide  into  the 
following : 

Locked-seam  pipe  is  at  present  made  in  two  general  ways:  (1)  In  units  having 
straight  longitudinal  seams,  and  (2)  in  units  with  spiraled  seams  from  end  to 
end  of  the  unit.  The  former  type  is  made  of  both  sheet  and  plate  metal.  Sheet- 
metal  pipe  is  extensively  used  in  some  States  for  farm  irrigation,  the  metal 
ranging  from  No.  26  up  to  No.  20  gauge.  Pipe  diameters  range  from  3  to  12 
inches  or  larger.  Lengths  are  the  same  as  that  of  the  sheets,  usually  being  10 
feet.     The  crimped  lock  seam  may  be  soldered  and  also  tack-riveted. 

The  plate  pipe  is  made  in  diameters  of  20  to  72  inches  with  plate  thickness  from 
three-sixteenths  to  one-half  inch.  The  interior  of  the  assembled  line  is  unbroken 
except  for  two  longitudinal  beads  of  the  locking  rods  and  the  girth  seams  every 
30  feet.  These  girth  seams  are  roughened  by  a  single  or  double  row  of  rivet 
heads  for  the  taper-joint  pipe  and  at  least  two  rows  of  rivet  heads  for  either  the 
riveted-flange  joint  or  the  outside  butt-strap  joint.  However,  the  taper  joint 
has  an  offset  causing  expansion  of  the  jet  to  the  extent  of  the  plate  thickness, 
while  the  flange  or  butt-strap  type  allows  the  ends  of  the  pipe  shell  to  be  flush. 
The  retardation  caused  by  the  double  row  of  rivets  would  probably  be  approached 
by  that  of  the  single  row  plus  the  influence  of  the  jet  expansion.  This  type  of 
pipe  is  factory-dipped  vertically  after  being  preheated.  One  of  the  first  pipes 
of  this  kind  was  the  famous  Coolgardie  line  (No.  314)  laid  about  1902  in  Australia. 
However,  this  particular  pipe  had  abutting  joints  under  leaded  sleeves;  hence 
the  interior  is  classed  as  "continuous." 

The  spiraled  lock-seam  pipe  is  a  new  product  made  of  sheet  metal  from  16  up 
to  10  gauge,  in  diameters  from  4  to  30  inches.  The  interior  is  continuous  except 
for  a  small  spiral  groove  adjacent  to  a  thickness  of  metal  ribbon  reinforcing  the 
seam.  It  is  probable  that  the  influence  of  this  ribbon  is  less  than  that  of  the  flat 
rivet  heads  in  the  spiral-riveted  pipe. 

Seamless  pipe  has  either  been  drawn  through  a  die  or  has  adjoining  edges  of 
the  plates  so  fused  that  practically  no  joint  is  perceptible.  This  type  of  pipe 
has  been  used  extensively  in  Europe  and  to  a  lesser  extent  in  this  country. 

Welded  pipes  are  of  two  kinds,  hammer  weld  and  electric  weld.  Hammer- 
weld  pipe  has  the  longitudinal  joint  made  as  the  term  implies;  the  edges  of  the 
plate  are  hammer  forged  into  a  tight  joint.  The  pipe  sections  are  made  of  plates 
one-fourth  inch  to  1^  inches  thick,  in  sizes  from  20  to  108  inches  or  more  in 
diameter.  The  field  (girth)  joints  are  made  in  various  ways,  which  are  classified 
as  girth  riveted  or  continuous  interior.     (Fig.  1,  p.  4.) 
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Electric-weld  pipe  ranges  in  diameter  from  a  few  inches  to  about  60  inches. 
The  smaller  sizes  are  shop  welded  on  the  longitudinal  seams  and  field  welded  on 
the  girth  seams  joining  unit  sections,  placing  them  in  the  class  of  continuous- 
interior  pipe.  This  type  of  pipe  is  also  welded  spirally  with  abutting  edges,  in 
diameters  from  4  to  48  inches.  In  sizes  above  60  inches  the  long  seams  are  success- 
fully welded  in  the  shop,  but  field  welding  of  girth  seams,  without  the  use  of  a 
butt  strap,  has  not  been  successful  as  yet  and  the  present  practice  is  to  rivet  the 
girth  seams.  (PI.  1,  B  (38).)  These  seams  are  usually  made,  for  large  penstocks, 
by  means  of  the  bump  joint,  shown  in  Figure  1.  The  unit  rings  are  usually  of 
the  same  size,  without  taper,  but  the  ends  are  crimped  or  bumped  to  form  a  lap 
and  are  then  single  riveted  or  double  riveted.  The  minimum  size  for  this  type 
of  joint  is  24  inches.  Bump  joints  are  also  used  for  units  having  straight  seams 
riveted  instead  of  welded. 

CONTINUOUS-INTERIOR  PIPE 

Where  the  longitudinal  seam  is  formed  in  one  of  the  ways  mentioned 
under  girth-riveted  pipe  and,  in  addition,  the  girth  joint  offers  no 
obstruction  to  the  flow  of  water,  the  interior  surface  of  the  pipe  may 
be  considered  as  continuous  and  relatively  smooth  when  new.  The 
girth  joints  are  formed  in  various  ways,  as  shown  on  Figure  1.  The 
lighter  pipes  up  to  moderate  diameters  are  now  being  welded  in  the 
field.  As  regards  capacity  the  essential  feature  lies  in  the  flush 
abutting  ends  of  pipe  units  and  absence  of  obstruction  by  rivet  heads. 
Some  trade-name  pipes  are  made  with  both  girth-riveted  and  con- 
tinuous-interior joints.  It  is  (juite  obvious  that  the  latter  will  have 
slightly  superior  capacity  qualities,  other  things  being  equal. 

LENGTH  OF  FIELD  UNITS 

Metal  pipe  is  usually  delivered  in  the  field  in  lengths  of  20  to  40  feet 
for  small,  thin-sheet  pipe;  20  to  24  feet  for  large  riveted  or  welded  pipe; 
and  up  to  30  feet  for  certain  kinds  of  patent-joint  pipe. 

The  large  riveted  pipes  are  usually  shop  assembled  in  three  to  five 
rings,  or  courses.     The  rings  are  made  of  plates  from  5  to  8  feet  wide. 

Spiral-riveted  pipe  comes  in  lengths  up  to  40  feet  for  asphalt-coated 
pipe,  and  20  feet  for  galvanized  pipe. 

It  is  obvious  that  the  number  of  girth  seams  should  be  kept  a 
minimum  because  of  the  effect  on  capacity. 

NOMINAL  DIAMETERS 

In  aU  computations  of  pipe  capacity  it  is  important  that  any 
appreciable  differences  between  nominal  and  actual  interior  diaineters 
be  given  full  consideration.  In  manufacturers*  catalogues  pipe  is 
known  hj  its  nominal  inside  diameter  up  to  15  inches.  Beyond  that 
the  outside  diameter  is  the  nominal  diameter.  All  differences  in 
shell  thickness  affect  the  inside  diameter  only.  The  nominal  diam- 
eter is  appreciably  less  than  the  actual  diameter  up  to  about  l^^-inch 
pipe.  For  larger  sizes,  up  to  15  inches,  the  nominal  and  actual  diam- 
eters are  reasonably  alike. 

For  sheet  or  plate  pipe  of  cylinder-joint  type  the  nominal  diameter 
should  be  that  of  the  interior  of  the  smaller  rings  or  courses.  For 
similar  pipe  with  taper  joints,  the  nominal  diameter  should  equal 
that  of  the  interior  oi  the  small  ends  of  the  courses.  Thus  for  cylin- 
der or  taper  pipe  the  average  size  is  larger  than  the  nominal  size; 
hence  the  average  velocity  is  less  than  that  computed  for  the  nominal 
size,  and  the  actual  retardation  is  consequently  less  than  that  neces- 
sary for  the  nominal-diameter  velocity.    The  extent  of  these  differ- 


8 


TECHNICAL  BULLETIN  150,  U.  S.  DEPT.  OF  AGKICTJLTURE 


ences  is  measured  by  the  plate  thicknesses,  and  may  be  immaterial 
or  may  be  of  some  moment,  depending  on  the  relationship  between 
the  pipe  diameter  and  the  plate  thickness. 

FORMULAS   FOR   FLOW    OF    WATER   IN    METAL   PIPE 

Water  is  caused  to  flow  and  velocity  is  created  by  the  force  of 
gravity.  The  flow  foUows  the  general  law  of  falling  bodies,  and  the 
velocity  tends  to  become  constantly  accelerated.  In  a  pipe  this 
tendency  toward  constant  acceleration  is  balanced  by  the  influences 
retarding  the  flow,  and  a  uniform  velocity  results. 

For  a  pipe  carrying  flowing  water  under  pressure,  the  difference  in 
elevation  He  (fig.  2),  between  the  surfaces  of  the  water  at  the  intake 
and  outlet,  is  the  effective  head  through  which  the  force  of  gravity 
acts.  The  lost  head  of  elevation  is  made  up  of  several  individual 
losses,  as  follows  (fig.  2): 


Figure  2. — Hydraulic  elements  for  loss  of  head  in  pipe 


Velocity  head  =  %  = 


2g 


(1) 


This  is  the  head  absorbed  in  creating  the  mean  velocity  F,  at  which 
the  water  is  conveyed  through  the  pipe.  This  loss  occurs  at  the 
intake.  As  a  rule,  some  of  this  velocity  head  is  recovered  at  the  out- 
let of  the  pipe,  although  often  it  is  not  taken  into  account. 


Entry  head  =  Tie 


(2) 


The  amoimt  of  loss  at  the  entry,  due  to  the  effect  of  contraction 
eddies  and  other  retarding  influences,  is  variable  and  uncertain,  but 
most  authorities  agree  that  it  should  be  taken  as  half  the  velocity 
head,  unless  the  inlet  structure  is  especially  designed  to  minimize  it. 

Friction  head,  Ti/j  is  that  lost  in  overcoming  the  retarding  influ- 
ences. In  pipe  lines  of  great  length,  the  amount  of  this  loss  so  far 
exceeds  the  two  losses  first  mentioned  that  they  often  may  be  disre- 
garded, especially  if  diameters  are  small.  This  is  the  loss  upon  which 
the  experiments  described  in  this  bulletin  were  concentrated. 

In  addition  to  the  above  losses  there  may  be  others,  such  as  those 
due  to  bends  and  valves  or  other  obstructions;  but  in  general,  such 
losses  are  not  considered  in  the.  design  of  pipe  for  irrigation  purposes. 
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For  this  use  the  pipe  is  generally  laid  on  curves  both  horizontal  and 
vertical,  so  gentle  that  such  losses  may  be  disregarded. 

If  1775,  Chezy,  a  French  engineer,  offered  his  now  well-known 
formula  for  the  flow  of  water  in  both  open  channels  and  closed 
conduits : 

V=  C^fR's  (3) 

• 

Here  (7  is  a  coefficient,  originally  thought  to  be  constant,  but  now 
known  to  vary  as  a  function  of  the  slope,  the  hydrauHc  radius,  the 
velocity,  and  with  some  factor  representing  the  retarding  influences 
in  the  channel.  Some  of  the  formulas  formerly  used  in  tnis  country 
for  the  design  of  pipes  have  accepted  the  Chezy  formula  as  a  basis 
and  made  only  such  modifications  as  experience  showed  to  be 
necessary. 

Since  the  hydraulic  elements  secured  in  the  field  experiments  fur- 
nish the  necessary  data  for  the  determination  of  the  factor  represent- 
ing the  retarding  influence  in  all  the  formulas  most  used  in  this 
country,  this  bulletin  will  show  the  retardation  factor  as  developed 
by  field  tests  for  several  formulas,  as  follows: 

(a)  The  Chezy  formula    (27,  159,  61,  86,  126) 

V=C-,/Ri=CR''s''  (4) 

(6)  The  Kutter  modification  of  the  Chezy  formula,  (103 y  67) 


V= 


n  s 


-(--^^)7S 


^/B^  (5) 


in  which  C  is  elaborated  so  that  it  takes  into  consideration  the  influ- 
ences of  the  hydraulic  grade  and  the  mean  hydraulic  radius,  and 
introduces  a  new  variable,  n,  which  was  supposed  to  represent  all 
the  retarding  influences.  For  open  channels  the  value  of  n  has  been 
found  to  be  quite  constant,  but  for  pipe  of  the  types  discussed  in 
this  bulletin  it  is  found  to  vary  with  size  and  velocities  over  a  range 
of  from  two  to  three  units  in  the  third  decimal  place.  (See  Table 
13,  p.  98.) 

(c)  The  Weisbach  formula,^  which  has  been  used  in  textbooks  as 
a  general  formula  for  flow  of  water  in  clean  pipes.  It  is  best  adapted 
to  use  on  short  lines  with  many  special  features  so  that  the  several 
individual  losses  can  be  simimed  up  as  so  many  ''velocity  heads." 
The  following  basic  equation  can  be  established  by  usual  hydraulic 
reasoning : 

(d)  The  Williams-Hazen  general  formula  (180),  for  many  kinds 
of  pipes: 

F=  Cu^R^'^s'-^  0.001 -o<>*  (7) 

» This  basic  fonnula,  in  various  forms,  can  be  identified  as  that  of  Chety,  Darcy,  Weisbach,  or  Fanning. 
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which  may  be  arranged  in  the  form — 


■^1.852 
S^f^  2)1.167  (8) 

The  authors  of  the  formula  suggest  110  as  the  proper  value  of  0^^ 
for  new  riveted  steel  pipe,  but  state  that  it  decreases  in  the  course  of 
about  10  years  to  100.     (See  pp.  85  to  88.) 

Some  of  the  above  formulas  will  be  taken  up  again  after  an  analysis 
of  the  data,  and  specific  equivalents  given  so  that  the  engineer 
familiar  with  one  type  of  formula  and  not  desiring  to  change  to  a  new 
one  may  have  the  best  suggestions  offered  by  the  available  data  and 
in  terms  familiar  to  him. 

(e)  For  the  reasons  given  on  pages  77  to  88  the  writer  offers  the 
following  formulas,  which  include  viscosity  influence  for  a  tempera- 
ture of  15°  C.  and  differentiate  between  various  types  and  classes  of 
sheet  and  plate  metal  pipe  by  means  of  coefficients,  which  are  them- 
selves constant  throughout  the  whole  range  of  sizes  and  velocities  for 
a  given  class  of  pipe : 

■p^l.900  -171.9 

S=  Ks  yyrm  =  Ks  jyu     (Compare  with  formula  8 )  (9 ) 

^0.6262)0.58  •  JJ0.53J)0M 

V=    ^0.526     »  for  working  formula,  say  V=     ^  q.ss  (10) 

^     0.785  J?o-^2«J92.58  0.78  ^o^3i>2.68 

Q  = ^  0.526 — —'  lor  workmg  formula,  say  Q  = ^^-0:53 (11) 

It  should  be  noted  that  the  above  formulas  are  for  new  pipe,  when 
used  with  the  values  of  K/  given  on  page  12.  It  has  long  been 
appreciated  that  all  metal  pipe  deteriorates  in  carrying  capacity; 
the  rate  of  decrease  being  dependent  on  the  efficiency  of  the  pipe 
coating,  the  composition  and  treatment  of  the  pipe  material  and  the 
activity  of  the  water  conveyed  in  the  pipe.  Filtered  and  treated 
water  causes  less  deterioration  than  raw  water.  Long  lines  deterio- 
rate more  rapidly  at  the  upper  ends  than  at  the  lower  ends. 

So  far  as  available  data  indicate,  the  increase  in  the  value  of  Ks 
with  age  (see  p.  88  and  fig.  6),  is  expressed  by  the  formula — 

E,=  K/e'-''''  (12) 

where  t  is  the  age,  in  years.     When  /  is  0  than  Ks  becomes  -K"/.  • 

In  order  to  study  the  probable  performance  of  a  proposed  pipe  line 
throughout  a  long  period  of  years  any  one  of  formulas  9, 10,  or  11  may 
be  made  progressive  by  substituting  for  Ks  various  values  of  J?/  e°-^^^' 
as  taken  from  Table  7,  page  89.     Thus  formula  9  becomes — 

S=(Z/e0.oi«)g:;  (13) 

Where  it  is  required  that  the  capacity  of  a  line  be  determined  as 
closely  as  possible  at  a  certain  age  to  meet  the  requirements  of  a 
given  painting,  building,  or  extension  program  then  the  values  of  Ks 
for  that  age  can  be  taken  from  the  diagram  in  Figure  7,  or  from 
Table  7.  Initial  value  of  K/  as  given  in  classes  1  to  3  below  are  for 
new  pipe  with  water  at  a  temperature  of  15°  C.     A  variation  of  10° 
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either  way  affects  the  computed  capacity  within  a  range  of  only  1.5 
per  cent.  If  the  flow  of  a  line  must  be  a  maximum  in  very  cold 
weather,  then  the  value  of  V  should  be  modified  by  the  percentage 
factor  given  in  the  last  column  of  Table  6,  page  81.  The  argument 
relating  to  the  influence  of  temperature  upon  the  viscosity  of  water 
is  given  on  page  78. 

CAPACITY   CLASSIFICATION 

The  sole  purpose  of  any  conduit  is  to  convey  water  from  one  place 
to  another.  Hence  relative  capacity  is  a  true  measure  for  conduit 
comparison.  Obviously  the  larger  the  pipe,  the  more  water  it  will 
carry.  However,  a  similar  result  may  be  attained,  to  a  marked 
degree,  by  improving  the  character  of  the  interior  surface  of  the  line. 
A  quarter  century  ago,  in  economic  studies  of  water  lines,  relative 
values  were  assigned  to  unit  costs  of  pipe  of  iron,  steel,  wood  staves, 
concrete,  or  other  material.  Consideration  was  also  given  to  the 
strength  and  probable  life  of  each  material.  There,  with  a  few 
exceptions,  the  comparison  stopped.  To-day,  practically  no  line  of 
magnitude  is  considered  without  comparison  of  the  relative  capacities 
of  lines  of  various  materials  and  types  of  fabrication  at  various  ages. 
The  final  results  of  such  studies  usually  take  the  form  of  a  request  for 
bids  on  pipe  of  a  given  size  for  certain  material  and  type  of  con- 
struction, and  on  larger  sizes  for  other  materials  and  other  types  of 
construction  that  are  known  to  yield  pipes  of  inferior  capacity. 

A  glance  at  Figure  1  (p.  4),  and  pages  5  to  9  shows  that  a  great 
many  classes  might  be  considered  in  a  study  of  sheet-metal  and  plate- 
metal  pipe.  It  is  here  considered  feasible  to  use  but  three  general 
classes,  first  assuming  that  the  following  premises  hold  true : 

All  iron  or  steel  pipe  interiors  should  be  chemically  protected  with  a  coating  that 
forms  the  true  interior  surface,  at  least  during  the  first  years  of  the  life  of  a  con- 
duit. Coatings  are  many  and  varied.  Some  use  for  a  base  such  materials  as 
asphalt,  coal  and  water-gas  tar,  and  other  hydrocarbon  compounds.  There  are  a 
number  of  compounds  and  trade-name  products.  Paint  and  galvanizing  are  also 
used.  The  life  and  efficiency  of  a  given  coating  with  a  given  water  is  a  material 
factor  in  the  progressive  capacity  of  a  pipe  line.  The  method  of  application  has 
much  to  do  with  the  life  of  a  coating.  No  particular  coating  is  associated  with 
a  particular  mechanical  type  of  pipe.     Innumerable  combinations  are  possible. 

Since  most  coatings  are  of  appreciable  body  and  tend  to  submerge  minor 
diflferences  in  original  surfaces,  many  special  trade-name  pipes  merge  into  the 
same  categories,  their  interior  surfaces  being  essentially  identical  after  being 
coated,  although  the  methods  of  jointing  may  be  quite  different. 

Conversely,  some  pipe  makers  show  several  types  of  joints  in  their  catalogues 
but  do  not  differentiate  between  capacity  classifications.  Categories  used  in  this 
bulletin  separate  such  types. 

Obstructions — rivet  heads,  plate  offsets,  blisters,  tubercles,  etc. — have  much 
greater  influence  than  appears  possible  to  the  eye.  It  has  long  been  known  that 
an  occasional  obstruction  has  greater  effect  than  might  be  expected  from  the 
combined  effect  of  a  number  of  obstructions. 

A  pipe  with  one  or  two  continuous  longitudinal  projections  such  as  are  found 
on  lock-bar  pipe  or  the  smaller  but  rougher  beads  in  most  electric-welded  pipe  will 
be. considered  the  same  as  a  pipe  without  such  projections.  Water  flowing  at 
** commercial  velocities"  does  not  follow  straight  lines,  and  there  must  be  some 
retardation  due  to  these  beads,  especially  in  a  sinuous  line  where  considerable 
"roping"  of  the  water  prism  takes  place.  The  uncertainty  as  to  the  amount  of 
the  retardation  and  the  fact  that  it  is  overshadowed  by  the  probable  condition 
of  the  pipe  coating  seems  to  justify  ignoring  these  projections. 

With  the  above  premises  in  mind,  sheet  and  plate  metal  pipe  have 
been  classified,  and  proper  coefl&cients  determined  for  use  in  formula  9 
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(p.  10),  for  reasonably  new  pipe  of  each  class.     The  change  in  coeffi- 
cient is  given  under  ''the  effect  of  age"  on  page  88. 
The  three  major  classes  are: 

Class  1,  full-riveted  pipe,  having  both  longitudinal  and  girth  seams  held  by  one 
or  more  lines  of  rivets  with  projecting  heads.  From  a  capacity  standpoint,  pipe 
with  counter-sunk  rivet  heads  on  the  interior  belongs  in  class  3. 

Class  2,  girth-riveted  pipe,  having  no  retarding  rivet  heads  in  the  longitudinal 
seams,  but  having  the  same  girth  seams  as  full-riveted  pipe. 

Class  3,  continuous-interior  pipe,  having  the  interior  surface  unmarred  by  plate 
offsets  or  by  projecting  rivet  heads  in  either  longitudinal  or  girth  seams.  Not 
necessarily  described  as  "smooth." 

The  following  are  the  suggested  coefficients: 

Class  1-a,  j?rs'  =  0.38  for  new  sheet  metal  up  to  three-sixteenths  inch  thick. 

Class  1-b,  K8'  =  0.44  for  new  plate  metal  from  three-sixteenths  to  seven-six- 
teenths inch  thick,  with  either  taper  or  cylinder  joints. 

Class  1-c,  Kg' =  0.48  for  new  plate  metal  from  one-half  inch  up,  with  either 
taper  or  cylinder  joints,  and  for  plate  from  one-fourth  to  seven-sixteenths  inch 
thick  when  butt  jointed. 

Class  1-d,  Ks'  =  0.b2  for  new  butt-strap  pipe  of  plate  from  one-half  inch  up. 

It  will  be  noticed  that  no  difference  is  made,  in  class  1,  between 
lap-riveted  pipe  of  either  cylinder  or  taper  joint.  Although  there  are 
appreciable  differences  in  these  joints,  they  seemingly  reduce  to 
approximate  equality  in  carrying  capacity.  Lap-riveted  pipe  with 
taper  joints  ''shingled''  downstream,  have  enlargements  for  the  water 
prism  at  the  lower  end  of  each  ring,  but  no  contractions  for  the 
prism.  Cylinder  joints,  on  the  other  hand,  have  alternate  enlarge- 
ments and  contractions  of  the  water  prism.  The  influence  of  the 
contracting  offset  is  compensated  for  to  a  certain  extent  by  the  fact 
that  the  size  of  pipe  and  nominal  velocity  are  based  on  the  smaller 
rings,  and  that  there  are  somewhat  lower  velocities  and  lower  friction 
losses  in  the  larger  rings. 

No  difference  is  made  between  single  and  double  or  triple  riveted 
pipe.  As  a  rule  the  number  of  rows  of  rivets  increases  with  the 
thickness  of  the  plates  and  inherent  differences  in  capacity  are  included 
in  the  classification  on  the  basis  of  plate  thickness. 

Class  2.  Zs'  =  0.34  for  new  girth-riveted  pipe.  This  class  covers 
all  sheet  and  plate  pipe  with  continuous-seamed  longitudinal  joints, 
but  with  the  girth  joints,  particularly  the  field  joints,  made  with  the 
usual  rivet  heads  inside  the  pipe.  It  includes  lock-bar  and  hammer- 
weld  pipe  with  lap  or  flange-riveted  field  (girth)  joints;  electric-weld, 
hammer-weld,  and  drawn  pipe  with  riveted  bump  joints;  and  all 
other  types  with  surface  continuous  except  as  broken  by  a  girth  belt 
of  rivet  heads  between  field  units.  These  girth  seams  are  usually 
single-riveted  when  joints  are  bump  or  taper  type,  but  of  course 
require  at  least  two  nngs  of  rivets  for  flange  or  butt-strap  joints  with 
exterior  strap  only. 

Class  3.  Zs'  =  0.32  for  new  continuous-interior^  pipe.  This  class 
comprises  all  types  of  sheet  and  plate  metal  pipe  that  offer  a  prac- 
tically uniform  interior  surface  of  relative  smoothness.  Full-welded 
crimped  slip  joint,  lock-bar  with  welded  flange  or  leaded  sleeve  con- 
nections, bell-and-spigot,  bolted-coupling  pipes,  all  belong  to  this 
class. 

<  "Continuous-interior"  is  offered  as  descriptive  of  an  interior  surface  unbroken  by  rivet  heads  or  appre- 
ciable shell-thickness  offsets.  Use  of  the  apparently  obvious  synonym  "smooth"  has  purposely  been 
avoided,  as  this  description  might  hold  only  while  the  pipe  is  new. 
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TREND    OF    ENGINEERING    THOUGHT    REGARDING    THE    CAPACITY 
OF    RIVETED    STEEL   AND    ANALOGOUS   PIPES 

In  the  bulletins  on  the  capacity  of  wood-stave  {162)  and  concrete 
{163)  pipes  a  definite  trend  of  thought  can  be  followed,  all  concentrated 
in  the  period  of  the  present  generation,  as  these  two  materials  have 
come  into  general  use  during  this  time.  Riveted  pipe,  on  the  other 
hand  was  used  during  the  40  years  prior  to  1900,  and  was  classed  with 
all  other  pipes,  one  formula  being  used  for  clean  pipe  and,  sometimes, 
one  for  tuberculated  pipe.  Metal  pipe — lead,  tin,  brass,  or  cast  iron — 
has  been  used  since  the  days  of  the  Caesars  {88).  From  Brahms 
(1757)  and  Chezy  (1775)  through  nearly  100  years,  formulas  appeared 
from  time  to  time  for  flow  of  water  in  pipes.     (See  Table  5,  p.  80.) 

Darcy  and  Bazin,  after  their  pioneer  experiments  at  the  middle  of 
the  nineteenth  century,  on  various  kinds  of  small  pipes  and  conduits, 
undoubtedly  realized  that  all  surfaces  were  not  alike  when  it  came  to 
the  conveyance  of  water.  From  their  investigations  Darcy  offered 
his  formula,  in  the  binomial  form,  for  clean  cast  iron  and  tuberculated 
cast-iron  pipe.  Francis  {63)  in  1872  converted  this  formula  into 
English  measures  and  it  has  since  been  used  more  or  less  for  cast-iron 

By  the  time  Hamilton  Smith  made  his  experiments  (1873-1876) 
it  was  definitely  known  that  the  carrying  capacity  of  cast-iron  pipe 
decreased,  both  by  the  throttling  of  the  conduit  as  a  result  of  chemical 
growths  and  the  excess  retardation  of  velocity  within  the  remaining 
water  prism.  However,  it  was  not  until  1890  that  it  was  realized  that 
riveted-steel  and  iron  pipe  are  also  subject  to  this  time  deterioration, 
though  perhaps  in  lesser  degree  than  cast  iron.  Neither  Fanning 
{63)  nor  Flynn  {61)  mentions  riveted  pipe  as  being  in  a  category 
separate  from  cast-iron  pipes,  which  they  discuss  at  length.  It  appears 
quite  certain  that  riveted  pipe  was  first  given  definite  individuality 
by  Herschel  {86)  in  1896. 

For  at  least  30  years  riveted  pipe  has  been  placed  in  a  distinct  cate- 
gory and  definite  ideas  have  been  expressed  in  regard  to  the  capacity 
as  distinguished  from  that  of  cast-iron  pipe.  Development  of  pipes 
now  classed  as  girth-riveted  or  continuous-interior  commenced  about 
1900.  These  have  grown  up  as  analogies  of  riveted  pipe  and  it  is  but 
natural  that  their  capacities  should  have  been  considered  along  with 
that  of  riveted  pipe.  It  has  been  known  for  some  time  that  their 
capacities  exceeded  that  of  full-riveted  plate  pipe,  but  the  degree  of 
this  excess  has  remained  a  matter  of  opinion  only. 

So  far  as  it  has  been  possible  to  ascertain,  the  first  large  riveted 
pipes  in  this  country  were  built  by  the  city  of  San  Francisco.  Pracy 
{136),  describes  the  line  as  a  riveted  wrought-iron  pipe  30  inches  in 
diameter  and  15  miles  long,  laid  in  1868.  Numerous  smaller  riveted 
wrought-iron  lines  had  been  laid  throughout  the  hydraulic-mining 
sections  of  California  from  1852  on.  These  lines  were  of  slightly  taper- 
ing sections  joined  in  the  field  by  slipping  the  small  end  of  one  section 
into  the  larger  end  of  the  next,  giving  the  name  stovepipe  which  is 
used  to  this  day  for  this  type  of  joint. 

In  the  early  seventies  Hamilton  Smith,  then  engineer  for  mining 
properties  in  California,  started  the  classic  observations  and  studies 
that  resulted  in  his  Hydraulics  {169).  He  made  careful  tests  of  the 
loss  of  head  for  various  velocities  in  pipes  from  11  to  30  inches  in 
diameter,  and  computed  the  resulting  values  of  Cin  the  Chezy  formula. 
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which  apparently  was  the  only  formula  used  to  any  extent  in  this 
country  until  about  1900.     (Pipes  Nos.  9,  12,  15,  18,  25,  26.) 

In  1873  to  1875  the  city  of  Rochester,  N.  Y.,  laid  what  is  now  known 
as  conduit  No.  1.  This  was  a  compound  line  of  36-inch  and  24-inch 
wrought-iron  pipe,  and  24-inch  cast-iron  pipe.  In  1876,  L.  L.  Nichols, 
under  the  direction  of  J.  N.Tubbs  (170),  made  measurements  that  were 
offered  as  gaugings,  showing  the  capacity  of  the  line  to  be  above  9,000,000 
gallons  per  day,  although  it  is  stated  that  the  original  design,  by 
*' standard  formula,''  called  for  a  flow  of  but  7,000,000  gallons.  These 
measurements  were  apparently  given  full  weight  by  Hiram  Mills  and 
Hamilton  Smith,  both  contemporaries,  in  making  similar  gaugings. 
Both  were  competent  to  judge  such  measurements.  Mills  (122,  p.  203) 
who  was  at  the  height  of  his  long  engineering  career  at  the  time  of  the 
1876  tests,  accepted  them  40  years  or  more  later  with  these  words: 

It  was  at  first  thought  that  there  must  be  some  radical  error  in  the  early 
measurements  but  we  find  the  change  is  one  to  be  expected  and  not  inconsistent 
with  the  decrease  in  discharge  found  in  other  like  conduits  and  with  the  decrease 
that  has  continued  through  the  following  14  years.     [From  1876  to  1890.] 

About  1890  two  occurrences  started  an  active  discussion  among 
hydraulic  engineers  regarding  the  capacity  of  riveted-pipe  lines. 
These  were  the  construction  of  a  48-inch  trunk  line  to  serve  Newark, 
N.  J.,  and  additional  tests  made  on  the  Rochester  line,  then  14  years 
old.  (See  quotation  above.)  According  to  Herschel  {86,  p.  10),  the 
size  of  the  Newark  line  was  computed  originally  by  the  Lampe  for- 
mula (No.  3,  Table  5),  and  checked  by  tables  offered  by  Smith 
{159,  p.  271).  The  figures  given  out  for  the  capacity  of  the  Rochester 
line  in  1876  justified  the  resulting  size  of  pipe,  which  was  slightly  less 
than  48  inches  in  diameter.  All  the  data  then  available  had  been  used, 
these  being  Darcy's  tests  on  a  1134-inch  plate-iron  pipe  and  Smith's 
tests  on  riveted  pipe  in  California,  the  Rochester  test,  and  one  by 
Herschel  on  a  very  short  reach  of  103-inch  pipe  in  the  Holyoke  trunk 
line.     (Pipe  No.  77.) 

The  Newark  line  was  designed  for  a  capacity  of  50,000,000  gallons 
per  day.  When  it  was  put  in  commission  in  1892,  the  draft  was  only 
about  20,000,000  gallons  per  day,  and  it  was  not  until  1896  that  full 
capacity  was  required.  At  this  time  the  maximum  capacity  was  de- 
termined as  about  35,000,000  gallons  per  day,  from  which  Herschel 
estimated  the  original  capacity  to  have  been  about  43,000,000  gallons 
per  day. 

The  second  attack  on  the  hydraulic  calculations  of  the  Newark  line 
came  in  the  form  of  Rafter's  tests  (1890)  and  Kuichling's  tests  (1891) 
of  the  Rochester  line  {1^0).  Instead  of  carrjring  the  9,000,000  gallons 
per  day,  reported  for  1876,  the  line  carried  slightly  more  than  7,000,000 
gallons  per  day  in  1890,  less  than  7,000,000  gallons  per  day  in  1891, 
and  progressively  less  in  subsequent  years.  Even  if  it  were  conceded 
that  the  1876  tests  were  erroneous,  here  was  evidence  that  riveted 
pipe  decreased  in  capacity  from  year  to  year;  but,  to  quote  Herschel 
regarding  the  computations  for  the  Newark  line : 

No  allowance  was  made  in  the  computation  for  deterioration  of  carrying 
capacity  by  the  formation  of  tubercles.  This  was  omitted  because  it  was  then 
supposed  that  steel  pipes  would  not  deteriorate  in  this  way,  like  cast-iron  pipes, 
or,  as  stated  in  Hamilton  Smith's  Hydraulics^  "would  remain  free  from  rust  and 
tubercles," 
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Thus  the  years  of  the  early  nineties  may  be  said  to  mark  the  begin- 
ning of  a  true  understanding  of  the  capacity  of  riveted  pipe.  Interest 
in  this  subject  was  heightened  by  the  discussion  in  engineering  Utera- 
ture,  centering  around  the  measurements  at  Rochester  in  1876  and  the 
subsequent  tests  of  the  Rochester  Kne  in  the  years  from  1890  to  1895. 
In  dismissing  the  1876  figures  for  the  Rochester  pipe  line,  a  statement 
may  be  made  on  the  basis  of  comparison  with  several  hundred  tests 
Usted  in  this  bulletin.  The  retardation  factors  are  given  for  historical 
reasons,  even  though  they  are,  perhaps,  without  value  as  evidence  of 
capacity.  (See  pipe  No.  150,  Table  2,  p.  42).  Since  the  Rochester 
pipe  is  a  compound  line,  a  loss  must  be  assumed  for  the  cast-iron  pipe 
and  the  remaining  loss  used  in  computing  retardation  factors  for  the 
riveted  line.  For  the  average  flows  of  three  tests  the  value  of  C^ 
in  the  Williams-Hazen  formula  is  126  if  their  recommendation  of  a 
value  of  130  for  new  cast-iron  pipe  be  accepted.  If  a  value  for  the 
cast-iron  portion  of  the  Rochester  main  be  taken  as  135  for  new  pipe 
the  corresponding  value  for  the  riveted  wrought-iron  portion  becomes 
119.6.  Both  values  for  the  riveted  line  are  more  favorable  than 
should  be  expected. 

In  1897,  Herschel  published  his  "115  Experiments"  {86),  reporting 
the  results  of  measurements  on  the  lines  of  the  East  Jersey  Water  Co. 
by  his  assistants,  J.  Waldo  Smith  and  W.  H.  Herschel  {86,  p.  ^7). 
These  figures  were  supplemented  by  all  other  tests  on  ''large,  riveted, 
metal  conduits"  which  were  known  at  that  time.  The  only  retarda- 
tion factor  considered  was  Chezy's  C.  The  only  graphic  study  was 
made  on  ordinary  coordinate  paper.  Herschel  ''declined  to  evolve  a 
formula"  from  the  115  experiments.  The  writer  has  included  the 
experiments  listed  by  Herschel  and  made  them  comparable  with  all 
other  similar  data  by  computing  additional  retardation  factors  for 
other  and  later  formulas  than  that  of  Chezy.  (See  Tables  1  to  4, 
inclusive.) 

During  the  late  nineties  the  Kutter  formula  (see  p.  9)  was  much 
used  for  pipe  lines,  and  finally  a  rather  definite  value  of  7i  =  0.015  for 
riveted  pipe  became  accepted. 

The  next  important  development  was  the  Williams-Hazen  formula. 
About  the  beginning  of  the  present  century  technical  literature  began 
to  indicate  a  decided  reaction  against  the  use  of  the  basic  simple 
assumption  that  V=  CaJRs  or  F=  CR^^  s^-^,  which  may  be  converted 
into  the  general  formula 

5=^-^     (See  Table  5,  p.  80.) 

where 

.ff=  1000s,  2  =  2,  andx  =  l 

By  this  time  there  were  available  several  series  of  tests  on  pipe  lines 
of  various  materials.  When  plotted  on  logarithmic  paper,  with  loss 
of  head  as  ordinates  and  velocity  as  abscissas,  the  observations  re- 
sulted in  a  straight-line  relation.  These  lines  with  rare  exceptions 
were  not  at  a  slope  of  2.00,  but  were  at  various  slopes  between  1.70 
and  2.00  an  indication  that  the  loss  of  head  does  not  vary  as  the  square 
of  the  velocity  for  all  kinds  of  pipe. 

While  Hagen,  Saint-Venant,  Lampe,  Tutton,  and  others  had  offered 
formulas  for  flow  of  water  in  pipe  that  made  use  of  fractional  expo- 
nents it  remained  for  WiUiams  and  Hazen  to  choose  one  set  of  ex- 
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ponents  and  varying  coefficients  from  a  consideration  of  some  1,100 
experiments,  which  undoubtedly  agree  within  reason  with  the  per- 
formance of  pipes  in  commercial  service.  Their  experimental  data 
covered  pipes  of  many  materials.  Under  their  classification  of  riveted 
pipe — the  nearest  approach  to  the  types  covered  in  this  bulletin — 
the  data  available  included  the  experiments  of  Darcy,  Hamilton 
Smith,  Herschel,  Kuichling,  and  Marx,  Wing,  and  Hoskins.  They 
had  no  experiments  on  pipes  now  classed  as  girth-riveted  and  con- 
tinuous-interior. 

In  the  Scobey  studies  of  wood-stave  pipe  (152),  concrete  pipe  {153), 
and  in  the  present  study,  it  was  found  necessary  to  differ  slightly  from 
the  formula  of  Williams  and  Hazen  in  offering  formulas  for  the  flow  in 
specific  kinds  of  pipe,  but  the  writer  has  been  continually  im- 
pressed with  the  value  of  the  Williams-Hazen  formula  as  a  framework 
for  use  on  all  kinds  of  pipes,  as  opposed  to  any  other  one  formula. 
However,  no  reason  is  apparent  why  specific  formulas,  when  sup- 
ported by  sufficient  evidence,  should  not  be  used  in  the  detail  studies 
for  specified  types  of  pipe. 

In  order  to  give  the  opinions  of  practicing  hydraulic  engineers  on 
the  formulas  and  suggestions  of  investigators  before  them  the  following 
items  have  been  collected : 

Smith  {159,  p.  265),  who  made  experiments  on  thin-shell  pipe  in  the 
early  seventies,  sensed  the  deduction  which  the  writer  makes  in  estab- 
lishing a  separate  category  for  thin-shell  pipe.  He  states  that,  in  his 
experiments,  riveted  pipe,  when  coated  with  asphalt,  carried  as  much 
water  as  well-made  cast-iron  pipes  similarly  coated.  This  is  now 
known  to  be  incorrect  as  a  general  statement  for  riveted  pipe,  but  it 
is  approximately  true  for  class  1-a  pipe,  which  includes  the  kinds  of 
pipe  tested  by  Smith. 

E.  Kuichling  says  that  a  value  of  C  (Chezy)  of  118  was  used  in  the 
design  of  conduit  No.  2  at  Kochester.     (Pipe  No.  40.) 

In  1897,  Goldmark  {70),  used  the  Weisbach  formula  (No.  6,  p.  9), 
in  the  design  of  the  6-foot  riveted-steel,  (No.  69),  and  wood-stave 
pipe  line  at  Ogden,  Utah,  which  was  then  credited  with  being  the 
largest  riveted  steel  pipe  of  its  type.  For  the.stave  line  he  used  a  value 
of /=  0.01  which  may  be  converted  to  a  value  of  Chezy's  6^=160, 
and  for  the  riveted  steel  portion  he  used  a  value  of  6^=  120  'Haken  at 
three-fourths  the  above  value."  Actual  tests  made  soon  after  com- 
pletion of  the  line  indicated  that  both  values  of  C  were  too  opti- 
mistic— by  about  30  per  cent  for  the  stave  fine  and  by  at  least  10  per 
cent  for  the  steel  pipe.     (See  pipe  Nos.  69  and  69a.) 

John  R.  Freeman,  in  reporting  on  a  New  York  water  supply  line, 
recommends  a  value  of  ?i  =  0.011  for  new  riveted  pipe  and  0.016  for 
foul  riveted  pipe,  with  smooth  interior,  countersunk  rivet  heads,  and 
butt  joints  on  girth  seams.     (Class  3.) 

The  Coolgardie  lock-bar  pipe  line  (No.  314)  was  designed,  using 
a  value  of  C  (Chezy)  of  98. 

In  1911,  Hazen  {82),  wrote  that  double-riveted  pipe  should  be  4 
per  cent  larger  in  diameter  than  cast-iron  or  lock-bar  steel  pipe. 

For  riveted  pipe,  after  years  of  use,  Williams-Hazen  suggested  a 
value  of  (7u,  =  95  for  design  purposes  {180,  p.  8). 

The  board  of  consulting  engineers  of  the  Los  Angeles  Aqueduct 
determined  for  the  riveted-steel  siphon  pipes  a  value  of  Chezy's  C  of 
90,  equivalent  to  Kutter's  7i  =  0.019  {112,  p.  81).     These  relatively 
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low  capacity  factors  resulted  from  the  board's  study  of  the  time- 
deterioration  data  then  available,  which  included  pipes  Nos.  21,  60, 
and  64  and  the  Newark  lines  reported  by  Herschel.  Before  obtaining 
the  deterioration  data  this  board  suggested  as  coefficient  for  steel 
pipe  with  rivet  heads  and  seams  projecting  on  the  interior  a  value  of 
n  =  0.016. 

Parker  (132)  suggests  the  use  of  Tutton's  formula  F=  CiR^-^^s-^^ 
{171)  with  a  value  of  d  =  130  as  a  working  value  for  new  lap-riveted 
pipe,  tarred  or  asphalted  with  rivets  projecting,  and  a  value  of  Ci  =  112 
for  the  same  type  of  pipe  when  ''old." 

For  the  Ontario  Power  Co.'s  lines  a  value  of  Cu,  of  110  was  used  for 
butt  girth  joints. 

In  the  study  by  the  Columbia  Basin  Survey  Commission  for  the 
proposed  Columbia  Basin  irrigation  project,  in  Washington,  a  value 
of  n  =  0.015  was  used  for  the  design  of  riveted-steel  siphon  pipe  up 
to  23  feet  in  diameter.  . 

The  hydraulic  power  committee  of  the  National  Electric  Light 
Association  {127)  after  assembling  the  data  on  pipes  Nos.  65,  66,  67, 
68,  72,  73,  74,  79,  152,  156,  156a,  160,  228,  and  230,  concluded: 

From  the  experimental  data  available  it  is  believed  that  the  following  values 
for  n  (Kutter)  are  conservative  and  can  be  used  with  safety  for  purposes  of  design: 

Lapwelded  pipe  with  bump  joints 0.  013 

Thin  riveted  pipe  with  lap  joints .  014 

Pipe  of  moderate  thickness  with  butt  joints .  016 

Heavy  pipe  with  triple-riveted  butt  joints .018 

As  a  result  of  a  questionnaire  submitted  by  the  subcommitee  on 
artificial  waterways  of  the  power  committee  mentioned  above,  it  is 
reported  that  the  Southern  Sierras  Power  Co.  used  n  =  0.016  for  lap- 
riveted  pipe,  n  =  0.018  for  butt  strap  joint  pipe,  and  n  =  0.012  for  lap- 
welded  penstocks  from  28  to  66  inches  in  diameter;  the  Southern 
California  Edison  Co.  used  7i  =  0.012  for  lap  welded  pipe  and  7i  =  0.017 
for  riveted  pipe  for  Kern  No.  3  plant  (pipes  Nos.  156  and  156a);  the 
Cahfornia-Oregon  Power  Co.  used  Williams-Hazen  (7tr  =  100  for 
riveted  steel  pipe.  The  same  value  was  used  by  San  Joaquin  Light 
&  Power  Co.  for  at  least  three  of  its  plants,  and  by  the  Pacific  Gas  & 
Electric  Co.  for  many  of  its  riveted  penstocks  while  it  used  Kutter's 
71  =  0.013  for  the  Hat  Creek  penstocks  of  riveted  steel  from  96  to  120 
inches  in  diameter. 

In  the  specifications  for  a  pipe  line  to  increase  the  water  supply  of 
the  District  of  Columbia,  prepared  in  1925,  the  War  Department 
states  that  friction  losses  were  calculated  on  the  basis  of  the  Williams- 
Hazen  formula  with  (7=  100  for  cast-iron  and  steel  pipe  and  130  for 
concrete  pipe.  The  specifications  state  that,  ''The  riveted  steel  pipe 
shall  be  made  2  inches  larger  in  diameter  than  other  kinds  of  pipe  to 
make  their  carrying  capacity  approximately  the  same  as  cast-iron 
or  welded  steel." 

To  sum  up:  The  design  of  riveted  pipe,  from  a  capacity  stand- 
point, was  at  first  based  on  a  comparison  with  cast-iron  pipe  without 
empirical  data  as  support.  With  the  continued  use  of  the  Kutter 
formula  in  this  country,  a  general  value  of  7i  =  0.015  for  riveted  pipe 
was  accepted.  During  the  past  25  years  the  Kutter  formula  has 
been  more  or  less  superceded  by  the  WiUiams-Hazen  formula,  especi- 
ally for  the  design  of  power  penstocks,  a  round  value  of  C«,  =  100 
62210°— 30 2 
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being  used.  However,  it  is  noticeable  that  the  hydraulic  power  com- 
mittee of  the  National  Electric  Light  Association  makes  suggestions 
in  terms  of  Kutter's  n,  the  value  varying  from  0.013  for  welded  pipe 
to  0.018  for  heavy  butt-joint  pipe.  As  for  the  girth-riveted  and  con- 
tinuous-interior types  of  pipe  it  has  been  appreciated,  of  course,  that 
their  capacities  exceed  that  of  ordinary  riveted  pipe,  but  there  have 
been  but  few  actual  field  data  offered  to  establish  definite  relative 
capacities. 

In  this  bulletin  the  writer  will  endeavor  to  establish : 

That  the  available  data  warrant  an  exponential  formula  satisfying  both 
empirical  data  and  the  theory  of  similarity  of  fluid  flow. 

That  the  suggested  formula  contains  exponents  sufficiently  removed  from  those 
of  the  Williams-Hazen  formula  to  warrant  a  change,  especially  for  high  velocities 
and  large-diameter  pipes. 

That  there  are  now  available  sufficient  experiments  on  girth-riveted  and  con- 
tinuous-interior pipes  to  establish  reasonable  coefficients  as  separate  categories. 

That  sufficient  progressive  data  are  now  availajble  to  warrant  a  tentative 
formula  for  time-deterioration  in  the  capacity  of  riveted  steel  and  analogous 
pipes. 

That  the  value  of  Kutter's  n  varies  at  least  0.002 — for  instance  from  0.011  to 
0.013 — for  identical  surfaces  when  followed  through  a  wide  range  of  sizes  and 
velocities,  thus  rendering  the  Kutter  formula  unreliable  when  considered  with  a 
constant  value  of  n. 

That  engineers  not  wishing  to  adopt  the  new  formula  offered  in  this  bulletin, 
although  it  most  nearly  conforms  to  the  experimental  data,  should  not  digress 
farther  than  to  use  the  Williams-Hazen  formula,  which  conforms  with  reasonable 
closeness  to  that  of  the  writer  for  usual  sizes  and  velocities. 

NECESSARY   FIELD    DATA   FOR   DETERMINING    THE    RETARDATION 
ELEMENTS    OF    VARIOUS   FORMULAS 

A  glance  at  pages  9  and  10  shows  that  in  a  study  of  the  various 
formulas,  all  of  which  contain  the  same  hydraulic  elements,  the  fol- 
lowing data  must  be  determined  by  field  tests: 

F=  the  mean  velocity  of  water  in  the  pipe. 

Jif  =  the  loss  of  head  due  to  retardation  in  a  section  of  pipe  within  a 
known  distance. 

D  or  cZ  =  the  internal  size  of  pipe. 

The  above  data  having  been  secured,  the  coefficients  of  retardation 
may  be  computed  for  each  of  the  various  formulas. 

MEAN   VELOCITY  OF   WATER 

The  velocity  of  the  water  flowing  in  a  reach  of  pipe  may  be  measured 
in  two  general  ways: 

(1)  Directly  by  timing  a  given  volume  of  water  through  a  known 
distance. 

(2)  Indirectly  by  measuring  the  discharge  of  the  pipe,  thus  deter- 
mining the  quantity,  Q,  and  solving  the  equation  V=-a' 

Where  the  velocity  is  determined  by  the  direct  method  the  error 
is  probably  smaller  than  where  the  indirect  method  is  used,  unless 
exceptional  facihties  for  complete  measurements,  including  interior 
diameters,  are  at  hand. 
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LOSS  OF  HEAD  DUE  TO  RETARDATION, 

Most  of  the  recent  experiments  on  the  flow  of  water  in  pipes  of 
uniform  size  have  been  made  with  piezometer  columns.  This  was 
the  method  used  by  the  writer.  If  a  piezometer  (fig.  2,  p.  8)  be  prop- 
erly attached  to  the  pipe,  the  pressure  in  the  latter  will  support  a 
column  of  water  the  surface  of  which  is  at  elevation  £'i,on  the  hydraulic 
grade  line.  In  the  same  way  the  pressure  at  gauge  No.  2  will  lift 
a  colunm  to  elevation  E2.  For  a  pipe  of  uniform  size  the  difference 
between  these  elevations  is  the  head  lost,  ?i/,  due  to  the  retarding 
influences. 

INTERNAL  SIZE  OF   PIPE 

The  method  used  in  ascertaining  the  inside  cross-sectional  area  of 
the  pipe  is  described  for  each  test,  where  possible.  In  some  cases 
several  sections  of  pipe,  remaining  after  construction,  were  measured 
and  their  mean  inside  cross-sectional  areas  accepted  as  the  internal 
sizes  of  the  operated  pipes.  For  some  tests  the  external  circum- 
ferences were  measured  and  the  known  plate  thickness  deducted 
from  the  external  diameter.  In  other  cases  the  nominal  diameter  of 
the  pipe  was  accepted. 

SCOPE   OF   THE   EXPERIMENTS 

Experiments  by  the  Division  of  Agricultural  Engineering  were 
made  for  the  most  part  on  thin-sheet  and  plate  pipe  in  irrigation  service. 
It  was  appreciated  that  there  already  existed  a  great  number  of  tests 
on  riveted  and  analogous  pipes  largely  used  in  connection  with  munic- 
ipal installations  and  power  plants.  It  merely  remained  to  discover 
possible  differences  due  to  irrigation  practice,  and  to  analyze  all  the 
available  data  with  a  view  to  proving  any  one  of  the  accepted  formulas 
or  to  the  development  of  a  new  formula  if  it  should  be  req^uired. 
The  division  made  98  tests  on  29  pipes  ranging  from  4  to  168  mches 
in  diameter.  From  other  sources  there  have  been  collected  1,080 
observations  on  169  reaches  of  pipe  ranging  in  age  from  new  to  47 
years  old.  Many  of  these  tests  cover  progressive  gaugings  on  the  same 
reach  of  pipe,  extending  over  a  long  period  of  years,  thus  furnishing 
data  on  the  time  deterioration  of  capacity  long  known  to  exist. 
Many  of  the  data  assembled  have  never  been  made  available  to  the 
pubUc.  The  total  observations  number  1,178  on  198  reaches  of  pipe 
segregated  as  follows : 


Reaches 
of  pipe 


Full-riveted  pipes;  thin  sheet  metal. 

Full-riveted  pipe;  plate  metal 

Girth-riveted  pipe 

Continuous-interior  pipe 

Coini)ound  pipe 

Dredge  pipe 

Corrugated  pipe 

Spiral-riveted  pipe  • 

Total 


I  Of  these,  2ni  observations  on  14  reaches  of  pipe  are  found  in  reference  73  only.   The  pipe  equations  are 
given  in  Table  4. 
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EQUIPMENT    AND    METHODS    EMPLOYED    FOR    COLLECTING    AND 
INTERPRETING   FIELD   DATA 

With  the  exceptions  given  below,  the  equipment  and  methods 
used  were  those  employed  in  the  experiments  on  wood-stave  and 
concrete  pipe,  described  in  Bulletins  376  and  852  {152,  158).  For  the 
sake  of  brevity  the  descriptions  will  not  be  repeated. 

PIEZOMETERS 

For  nearly  all  the  experiments  the  same  type  of  piezometer  connec- 
tion was  used.  In  essentials  this  was  a  piece  of  brass  tube  three- 
sixteenth  inch  in  external  diameter  and  8  inches  long.  One  end  was 
sealed  and  two  K2-inch  holes  were  drilled  1  inch  apart  on  the  same 
longitudinal  element,  the  hole  nearest  the  end  being  1  inch  back 
from  the  rounded  seal.  The  tube  was  ground  to  a  slight  taper  so 
that  midway  of  its  length  it  fitted  tightly  into  a  Ke-inch  hole  in  the 
shell  of  the  steel  pipe  to  be  tested.  The  piezometer  holes,  being 
drilled  completely  through  both  sides  of  the  tube,  gave  four  pressure 
orifices.  Care  was  taken  to  insure  that  these  orifices  were  neutral 
to  the  current  of  the  water  in  the  pipe.  For  small  pipes  of  relatively 
great  length  only  one  tube  was  placed  at  each  end  of  the  reach. 

On  the  larger  pipes  two  or  three  piezometer  tubes  were  used  at  each 
end.  Any  positive  or  negative  pressure  influence,  due  to  velocity  in 
the  pipe  as  the  water  slipped  past  both  sides  of  the  piezometer  tubes, 
was  existent  at  both  ends  of  the  reach  and  need  not  be  considered. 
The  piezometer  tubes  at  both  ends  of  the  reach  were  under  the  same 
dynamic  conditions  so  that  they  reflected  only  the  fall  in  the  hydraulic 
gradient,  lif,  usually  termed  the  ''friction"  loss.  This  type  of  con- 
nection was  considered  as  much  superior  to  connections  to  holes  drilled 
through  the  pipe  shell,  which  have  more  or  less  burr  on  the  inside. 
It  would  not  have  been  feasible  with  most  of  the  pipes  tested  to  turn 
out  the  water,  drill  holes,  and  smooth  off  any  interior  burrs.  For 
the  smaller  pipes  this  could  not  have  been  done  except  when  the  pipe 
was  laid. 

When  the  piezometer  tubes  were  first  thrust  into  the  pipe  there  was 
usually  a  slight  leakage  around  the  tube,  but  this  quickly  stopped. 
No  difficulty  was  experienced  in  holding  these  tubes  by  friction  alone 
in  Ke-inch  plate  pipe  under  a  pressure  head  of  160  feet. 

Upon  completion  of  the  test  each  hole  was  repaired  by  driving 
into  it  a  copper  rivet,  well  smeared  with  asphalt.  A  Ke-inch  hole 
was  then  drilled  nearly  through  the  center  of  the  rivet.  A  small 
wke  nail  was  inserted  in  this  hole  and  gently  tapped,  the  bevel  cuts 
at  the  end  of  the  nail  expanding  the  copper  rivet  on  the  inside  of  the 
pipe.  Care  was  exercised  not  to  drive  the  nail  through  the  interior 
end  of  the  rivet.  Some  of  these  rivets  were  examined  10  years 
after  insertion  and  were  found  to  be  tight  and  apparently  sound. 

This  type  of  piezometer  connection  and  pipe  repair  offered  a 
simple  solution  to  a  problem  that  at  first  appeared  quite  compHcated, 
costly,  and  laborious. 

OFFICE  EQUIPMENT  AND  METHODS 

Where  feasible,  original  multiplication,  division,  and  addition  were 
performed  on  mechanical  devices  or  with  logarithms,  and  checking 
was  done  by  an  alternative  process.     Tables  containing  uniformly 
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progressive  figures  were  checked  by  noting  differences  and  recomput- 
ing every  fifth  or  tenth  item.  The  discarding  of  excess  figures  may 
result  in  apparent  errore  in  the  last  figure,  if  it  be  recomputed  with 
only  the  base  figures  as  listed.  Where  the  difference  is  slight  the 
listed  answer  is  probably  more  nearly  correct  than  the  recomputed 
answer. 

ELEMENTS  OF  EXPERIMENTS  FOR  THE  DETERMINATION  OF  FRIC- 
TION OF  LOSSES  IN  SHEET  AND  PLATE  METAL  PIPES 

Tables  1  to  4  give  the  elements  of  nearly  all  known  observations  on 
riveted  and  analogous  pipes  under  pressure.  They  do  not  include 
published  results  of  laboratory  tests  on  spiral  riveted  pipes  (73). 
However,  the"  individual  pipe  equations  for  these  pipes  and  com- 
parisons of  observed  capacities  to  those  computed  by  the  formula 
recommended  in  this  bulletin  are  given  in  Table  4.  The  various 
series  are  arranged  in  ascending  sizes  of  pipe  and  within  each  series 
the  observations  are  arranged  in  ascending  order  of  velocities.  The 
observations  for  simple  pipes  are  given  in  Table  1 .  A  slightly  differ- 
ent arrangement  is  necessary  for  compound  pipes,  which  are  listed 
in  Tables  2  and  4.  In  Table  4  the  various  series  are  summarized 
and  data  common  to  all  the  observations  within  that  series  are  given, 
as  well  as  average  values  of  Cw,  Ks,  and  m.  This  arrangement 
results  in  economy  of  space  and  places  data  in  a  convenient  form  for 
certain  studies  of  capacity. 

EXPLANATORY  NOTES,  TABLES  1,  2,  AND  3 

Column  1  gives  the  numbers  assigned  to  the  pipes.  The  same 
order  of  presentation  is  followed  in  Table  4  and  in  the  discussions  in 
the  following  pages  and  in  the  appendices.  Experiments  conducted 
by  the  writer  are  listed  FCS  in  column  2  and  are  discussed  in  the  text, 
while  the  essential  data  secured  from  other  sources  are  abstracted  in 
appendix  1 .  The  initials  of  the  hydraulician  making  the  experiments, 
where  known,  are  given  in  column  2  and  his  full  name  is  given  in  the 
discussion.  Assisting  the  writer  at  various  times  in  the  experiments 
and  computations  were  P.  A.  Ewing,  T.  H.  McCarthy,  E.  C.  Fortier, 
G.  H.  Henderson,  W.  J.  Manetta,  and  J.  M.  Brockway. 

Colunm  14  of  Table  1  gives  the  retardation  coefficient  in  the 
accepted  exponential  formula  (9  and  21)  disregarding  the  small 
amount  of  mfluence  due  to  differences  in  viscosity  of  the  water. 
This  column  is  therefore  on  a  par  with  columns  10  to  13,  inclusive. 
Column  15  gives  the  values  of  m  as  determined  by  dividing  Ks,  in 
column  14,  by  the  value  of  v^K  The  symbol  v  is  the  kinematic  vis- 
cosity (in  English  units)  for  the  actual  temperature  of  the  water 
(Table  6,  col.  7,  on  p.  81),  where  this  item  is  given,  or  for  an  assumed 
temperature  of  15°  C.  where  it  is  not  given.  For  most  studies  the 
values  of  Z,  in  column  14  are  sufficient.  The  other  colunms  are 
considered  as  self  explanatory.  Complete  data  were  not  available 
for  a  few  of  the  pipes;  they  may  be  produced  in  future. 

For  the  compound  pipes,  described  in  Table  2,  the  base  data  must 
be  treated  in  a  manner  slightly  different  from  that  for  a  simple  pipe. 
For  a  given  quantity,  Q,  the  separate  velocities  in  the  various  sizes 
of  pipe  can  be  computed.  If  the  pipe  be  of  uniform  type  then  a  single 
retardation  factor  can  be  found,  in  any  one  of  the  formulas  considered, 
that  will  represent  all  the  friction  losses  (colunms  12  and  14),  in  a 
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given  pipe  equalling  the  observed  total  loss,  including  enlargement 
and  contraction  losses.  Where  a  pipe  line  has  two  types  of  pipe  it  is 
necessary  to  assume  a  reasonable  factor  for  the  type  of  least  influence 
and  compute  the  corresponding  factor  for  the  sizes  of  the  predominat- 
ing type.  As  Kutter's  n  is  not  a  constant  throughout  the  ranges  of 
size  and  velocities  for  a  given  surface  of  pipe,  it  is  proper  only  to 
compute  an  approximate  value  for  the  various  parts  of  a  compound 
pipe. 

EXPLANATORY  NOTES,  TABLE  4 

In  Table  4,  column  6  gives  the  capacity  class  according  to  the 
specifications  on  pages  11  and  12.  Where  the  plate  thickness  varies 
so  as  to  place  parts  of  the  line  in  different  classes  the  range  is  listed. 
Column  11  presents  the  individual  pipe  equations  of  the  exponential 
type  (formula  14,  p.  79),  for  all  series  that  covered  a  range  of  velocities 
sufficient  to  give  a  definite  trend.  Where  only  individual  observa- 
tions or  limited  series  are  available  the  column  shows  the  values  of  Jf ' 
as  projected  at  the  accepted  slope  of  1.9.  All  these  values  of  M  and 
M' ,  when  plotted  as  in  Figure  5  (p.  83),  justify  the  acceptance  of 
the  exponent  1.1  for  i>  in  formula  21,  page  79.  Columns  12  to  14, 
inclusive,  give  the  average  values  of  Cw,  Ks,  and  m,  after  exclusion 
of  all  observations  given  a  D  rating.  Column  15  shows  the  variation 
of  the  carrying  capacity  of  the  pipe,  as  determined  from  the  observed 
hydraulic  elements,  from  the  capacity  of  the  same  pipe  had  it  been 
computed  according  to  the  suggestions  in  this  bulletin,  giving  con- 
sideration to  type  and  age  of  pipe  and  also  the  small  corrections  for 
temperature  of  water,  where  this  was  given.  Where  the  observed 
capacity  is  much  less  (indicated  by  minus  sign),  than  the  computed 
capacity,  it  will  generally  be  found  that  the  pipe  is  supplied  from  an 
open  canal  and  the  capacity  has  been  reduced  by  silting  or  algae 
growths.  Where  the  observed  capacity  is  much  greater  and  the  pipes 
are  old  the  rate  of  decrease  in  capacity  is  much  less  than  usual. 
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Experimental  pipe,  Versailles,  Pa.    Straight 
lap-welded  wrought  steel  pipe,  fitted  with 
Matheson  joints  between  sections  averag- 
ing 17  feet  long;  coated  inside  with  coal  tar; 
inside  diameter  determined  by  weighing 
water  content,  low  velocities  determined  by 
volumetric  tests,  higher  velocities  by  check- 
ed Venturi  meter;  loss  of  head  by  mercury 
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DESCRIPTION    OF   PIPES 

The  descriptions  in  the  following  pages  supplement  the  information 
given  in  Tables  1,  2,  3,  and  4.  Pipes  upon  which  previous  experi- 
menters have  made  observations  are  described  in  Appendix  1. 

Items  such  as  ''Capacity +  5.2  per  cent"  will  be  found  after  the 
descriptive  headings.  This  means  that  the  capacity  of  the  pipe, 
based  on  the  average  observed  coefficients  for  observations  rated  A, 
B,  or  C,  is  5.2  per  cent  more  than  that  required  to  satisfy  the  writer's 
formulas  9  to  11,  inclusive  (page  10),  where  the  coefficient  Kg  is 
chosen  for  the  type  and  age  of  pipe  as  given  in  the  description.  The 
temperature  of  the  water  was  assumed  at  15°  C.  when  it  was  not 
given.  If  the  temperature  of  water  was  given,  then  the  capacity  com- 
parison is  modified  in  accordance  with  column  8  of  Table  6,  which 
gives  the  percentage  difference  in  velocity — hence  in  capacity — for 
temperatures  differing  from  15°  C. 

The  pipes  are  placed  in  the  following  order: 

Full-riveted,  page  64.     In  Appendix  1,  page  101. 

Girth  riveted,  page  73.     In  Appendices  pages  113  and  126. 

Continuous  interior,  page  74.     In  Appendix  1,  page  117. 

Corrugated,  page  75.     In  Appendix  1,  page  125. 

Compound,  page  76.     (Various  sizes  or  various   types.)     Appendices   pages 

121  and  127. 
Dredge  pipes,  in  Appendix  1,  page  124. 
Spiral  riveted,  in  Appendix  1,  page  125. 

FULL-RIVETED   PIPES 

No.  1. — Experiment  S-111,  4-inch  slip  joint  iron  pipe — Lateral  LJ  3-2,  Okanogan 
project,  Washington,  United  States  Bureau  of  Reclamation — Capacity  —7.2 
per  cent 

Experiments  were  made  on  six  pipes  on  this  project,  ranging  from 
4  to  12  inches  in  diameter.  These  pipes  were  constructed  identically 
and  will  be  described  under  the  same  number.  They  were  of  the 
stovepipe  type,  made  of  thin  black  iron  sheets  (22  to  18  gauge),  shop- 
seamed  in  lengths  of  8  feet  and  9  feet  7  inches.  Individual  sheets 
were  2}^  feet  long,  when  rolled.  Joints  were  formed  by  slipping  the 
large  end  of  each  pipe  unit,  previously  heated  and  dipped  in  asphal- 
tum,  over  the  smaller  end  of  the  laid  section.  The  asphaltum  and 
contraction  by  cooling  combined,  made  tight  joints  under  moderate 
pressures. 

All  the  tests  on  this  project  show  low  carrying  capacity  for  a  pipe 
which  when  new  and  clean  should  have  a  reasonably  high  capacity. 
The  low  capacity  was  caused  largely  by  sand  and  silt  inside  the  pipe. 
The  deposits  came  from  contour-skirting  main  canals  which  fed  the 
pipe  laterals  leading  down  the  slopes  and  across  the  flats.  All  veloci- 
ties were  determined  by  direct  observation  with  color.  Any  filling 
of  the  pipe  section  would  not  introduce  an  erroneous  value  of  V  as 
would  be  the  case  if  Q  were  measured  and  V  determined  by  the  equa- 
tion y^^'  The  presence  of  sand  results  in  values  of  Kg  above  the 

proper  ones,  as  the  observed  loss  of  head  results  from  a  smaller  con- 
duit area  than  that  of  the  original  pipe. 

The  pipe,  tested  as  series  S-111,  is  a  straight  reach  across  a  low  sag 
in  the  topography.  The  maximum  pressure  head  is  less  than  4  feet. 
Gauge  No.  1  was  a  water  column  in  a  graduated  glass  attached  to  a 
piezometer  tube  thrust  9.1  feet  down  the  pipe  from  the  inlet  end, 
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while  gauge  No.  2  was  a  similar  connection  held  1.1  feet  upstream 
from  the  outlet  end.  Between  these  piezometers  was  a  reach  of 
494.5  feet.  Velocities  were  determined  by  color  shot  into  the  inlet 
end  and  observed  in  the  box  at  the  outlet  end  of  the  pipe.  The  aver- 
age values  of  Ks  =  0A4:5  or  Cu,=  122.2  show  the  possibilities  of  this 
thin-sheet  pipe  as  a  hydrauUc  conveyor  when  free  of  silt  or  other 
obstruction. 

No.  3. — Experiment  S-110,  8-inch  galvanized  slip- joint  pipe — Private  lateral  of 
Benjamin  Dougal,  near  Omak,  Wash. — Capacity  +2.3  per  cent 

This  pipe  had  been  in  service  only  two  weeks.  The  horizontal 
alignment  was  straight  but  there  was  a  sag  in  the  profile,  making  an 
inverted  siphon  over  a  shallow  depression.  The  joint  units,  riveted 
longitudinally  with  flathead  rivets  in  10-foot  lengths,  were  slipped 
together  in  a  hot  asphalt  bath.  As  the  maximum  pressure  head  was 
only  about  4  feet  this  joint  was  water-tight,  at  least  while  new.     The 

Eipe  was  smooth  on  the  interior  except  for  the  ends  of  15  service 
ydrants  located  on  its  top  at  regular  intervals. 
Piezometer  No.  1  was  placed  3  feet  from  the  intake  end  and  No. 
2,  similar  to  No.  1,  was  held  0.6  foot  upstream  from  the  outlet.  A 
graduated  glass  was  used  as  gauge  No.  1  and  a  hook  gauge  in  a  stilling 
box  as  gauge  No.  2.  All  service  hydrants  were  closed  during  the 
tests.  Velocities  were  determined  by  timing  a  puff  of  permanganate 
solution,  shot  from  a  color  gun  into  the  pipe  just  below  the  inlet  and 
observed  at  the  outlet.  The  results  of  the  four  tests  were  quite  con- 
sistent and  indicate  a  value  of  Eg  of  0.361  for  new  pipe  of  this  type. 
The  capacity  of  this  pipe  was  2.3  per  cent  more  than  is  suggested  for 
class  la.  The  difference  in  capacity  is  too  small  to  indicate  a  special 
rating  for  galvanizing  over  the  usual  asphaltum  coat, 'at  least  for  a 
new  pipe. 

No.  6.— Experiment  S-127,  10-inch  lap-riveted  pipe — California  Domestic  Water 
Co.,  operated  by  Whittier  Water  Co.,  Whittier  Calif. — Capacity  +12.5  per 
cent 

About  1895  several  miles  of  steel  pipe  were  laid  near  Whittier. 
This  pipe  in  10-inch  size,  was  made  of  sheets  30  by  32  inches  and 
nine  sixty-fourths  inch  thick.  The  sheets  were  lap-riveted  with  double 
rows  of  flat-buttoned  rivets  in  the  longitudinal  seams  and  a  single  row 
in  girth  seams. 

Before  being  assembled  in  20-foot  sections  in  the  field  they  were 
double  dipped  in  hot  asphalt  and  after  the  24  years  of  service  attrib- 
uted to  them  by  the  superintendent  (1925),  appeared  to  be  in  fair 
condition. 

A  straight  reach  of  this  pipe,  1,769  feet  long,  was  selected  for  experi- 
ment. Piezometer  tubes  were  thrust  through  ^{e-inch  holes  at  both 
ends  of  the  reach.  Pressure  tubing  from  these  piezometers  led  to 
graduated  glass  manometers — a  mercury  U-tube  at  gauge  No.  1  and 
a  water  column  at  gauge  No.  2.  Velocities  were  determined  by  timing 
color  solutions  injected  into  the  pipe  through  a  ^(e-inch  hole  a  short 
distance  below  the  holes  for  gauge  No.  1.  The  color  was  observed 
in  a  standpipe  near  the  upper  end  of  a  6-inch  lateral  pipe  into  which 
the  10-inch  pipe  under  test  was  discharging.  Proper  correction  for 
difference  in  velocities  in  the  pipes  of  different  sizes  was  computed  for 
the  15  feet  traversed  in  the  6-inch  line. 

62210°— 30 5 
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No.  7. — Experiment  S-80,  10.63-inch  riveted  sheet-steel  pipe — Shobert  ditch 
siphon,  Eldorado  Ditch  Co.,  Placerville,  Calif. — Capacity  —8  per  cent 

Water  for  irrigation  was  conveyed  across  a  gulch  in  a  siphon  pipe 
installed  about  one  year  prior  to  the  test,  but  the  pipe  had  seen 
previous  duty  for  seven  years  in  mine  service.  It  was  of  14-gauge 
sheet  metal,  double  lap-riveted  in  both  longitudinal  and  girth  seams. 
At  the  time  of  test  all  the  inside  coating  had  been  worn  off  and  the 
interior  showed  rust  blisters.  The  line  was  buried  about  2  feet  with 
the  low  part  of  the  siphon  under  a  pressure  head  of  about  25  feet. 
The  inside  diameters  were  measured  at  the  inlet  and  outlet  structures. 
Gauge  No.  1  was  a  water  column  attached  to  a  piezometer  tube  set 
in  the  pipe  15  feet  from  the  inlet.  Gauge  No.  2  was  a  similar  connec- 
tion located  1  foot  above  the  outlet.  Velocities  were  determined  by 
color,  timed  from  inlet  to  outlet. 

No.  8. — Experiment  S-119, 10.87-inch  lap-riveted  steel  pipe — City  Garden  siphon, 
Eldorado  County  Water  Users  Association,  Calif. — Capacity  —20.2  per  cent 

Water  for  irrigation  purposes  was  conveyed  between  open  ditches, 
across  the  sag  of  a  saddle  between  two  hills,  in  an  inverted-siphon  pipe 
886.3  feet  long,  under  a  maximum  pressure  head  of  about  50  feet. 
This  pipe  had  just  been  relaid  at  the  time  of  test,  about  half  its  length 
being  salvaged  from  pipe  that  had  been  in  use  some  seven  years  in  a 
mine,  the  other  half  being  new  pipe.  It  was  all  newly  dipped  in 
asphalt.  The  steel  was  of  14-gauge,  cylinder-jointed  with  flat-head 
rivets — a  single  row  at  girth  joints  and  a  double  row  longitudinally. 
Loss  of  head  was  determined  by  piezometers  and  water  columns  in 
graduated  gauge  glasses.  Gauge  No.  1  was  attached  to  a  manifold  into 
which  two  pressure  tubes  brought  the  average  pressure  from  eight 
small  holes  in  two  piezometers,  set  neutral  to  the  current  through 
^{e-inch  holes  bored  through  the  pipe  at  positions  on  its  circumference 
corresponding  to  10  and  2  on  a  clock  dial.  Piezometer  No.  2  was 
similar  to  No.  1  except  that  a  single  tube  with  four  holes  was  used 
instead  of  two  tubes.  Gauge  No.  1  was  placed  39.4  feet  from  the 
intake  end.  Gauge  No.  2  was  1.6  feet  above  the  outlet  and  845.3  feet 
from  No.  1. 

Velocities  were  determined  by  means  of  color  shot  into  the  pipe  with 
the  color  gun  through  a  ^e-inch  hole  5  feet  nearer  the  inlet  than  tap 
No.  1.     The  color  was  observed  in  the  outlet  just  beyond  tap  No.  2. 

It  was  not  feasible  to  vary  the  flow  through  a  considerable  range  of 
velocities.  All  runs  were  taken  with  V  between  2  and  3  feet  per 
second.  The  capacity  is  much  less  than  might  be  expected,  probably 
because  of  a  silted  condition  produced  by  the  upper  ditch. 

No.  11. — Experiment  S-108,  12-inch  slip-joint  iron  pipe — Lateral  U.  C.  9,  Oka- 
nogan project,  Wash.,  United  States  Bureau  of  Reclamation — Capacity  —19.1 
per  cent 

For  general  description  of  pipes  on  this  project  see  pipe  No.  1, 
page  64.  The  U.  C  9  lateral  extended  through  flat,  cultivated  lands, 
about  4  feet  below  the  surface,  and  terminated  in  open  boxes  which 
gave  access  to  it.  The  line  consisted  of  three  straight  sections  joined 
by  two  curved  bends.  In  the  intake  box  there  was  a  Cipolletti  weir, 
but  measurements  could  not  be  made  with  it  as  it  was  completely 
submerged.  These  observations  may  be  taken  as  indicating  the  maxi- 
mum capacity  of  this  line  at  the  time  of  test.    Velocities  were  deter- 
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mined  by  means  of  color  injected  under  pressure  at  the  intake  end  and 
observed  at  the  outlet. 

Loss  of  head  was  determined  by  use  of  piezometer  tubes  connected 
to  graduated  gauge  glasses.  Gauge  No.  1  was  dropped  6  feet  down 
the  intake  end,  and  gauge  No.  2  was  thrust  back  into  the  pipe  1  foot 
above  the  outlet  and  1 ,144  feet  from  gauge  No.  1 .  Three  observations 
were  taken,  at  about  the  same  velocity,  the  resulting  value  of  K^  aver- 
aging 0.583.  The  ditch  which  brings  water  to  this  line  could  very  well 
contribute  silt  to  clog  the  pipe  partially  and  cause  the  low  capacity. 

No.  14. — Experiment  S-118,  14>i2-inch  lap-riveted  steel  pipe — Carlisle  siphon, 
Eldorado  County  Water  Users  Association,  California. — Capacity  +2  per 
cent 

Water  for  irrigation  purposes  was  conveyed  across  a  gulch  between 
open  ditches  in  a  steel  siphon  pipe  843  feet  long  and  under  a  maximum 
pressure  head  of  about  125  feet.  This  line  was  rebuilt  in  1917-18 
and  tested  in  1919.  New  pipe  of  16-gauge  metal,  to  the  extent  of 
260  lineal  feet  was  added  to  583  feet  picked  over  and  salvaged  from 
the  14-year-old  line.  The  pipe  was  lap-riveted,  with  cylinder  joints, 
of  16-gauge  sheets.  Both  longitudinal  and  girth  rivets  were  in 
double  rows. 

Taps  for  gauge  No.  1  were  placed  100  feet  down  from  the  inlet  end. 
Two  ^le-inch  holes  were  bored  in  the  pipe  symmetrically  so  that  the 
two  piezometer  tubes  poiuted  lil^e  the  branches  of  the  letter  V. 
Each  tube  contaiaed  four  pressure  holes  neutral  to  the  current.  A 
third  hole,  of  the  same  size  as  the  piezometer  holes,  was  bored  through 
the  top  of  the  pipe  8  feet  nearer  the  inlet.  Color  shots  were  started 
through  this  hole,  the  nozzle  of  the  color  gun  being  thrust  directly 
into  tne  water  prism.  Piezometer  No.  2  was  thrust  1  foot  upstream 
from  a  small  leak  hole  in  the  top  of  the  siphon  25.1  feet  above  the 
outlet.  The  gauges  at  both  ends  of  the  reach  of  717.7  feet  were  water 
columns  showing  in  graduated  glass  tubes.  Velocities  were  deter- 
mined by  color  timed  from  near  gauge  No.  1  to  the  outlet  lq  an  open 
ditch. 

No.  17. — Experiment  S-125,  16-inch  riveted  steel  pipe.  Lateral  No.  20  from 
Chatsworth  high  line,  Los  Angeles  water  supply,  California. — Capacity 
+  6.9  per  cent 

The  Chatsworth  high-line  canal  skirts  along  a  contour  on  the  north 
side  of  San  Fernando  Valley,  ia  southern  California.  From  this 
canal  steel  pipe  lines  of  various  sizes  convey  irrigation  water  down 
the  relatively  steep  slopes  to  the  floor  of  the  valley.  Lateral  No.  20 
is  typical  of  these  pipes.  It  was  rolled  of  10-gauge  steel,  in  shop- 
riveted  units  mostly  20  feet  long.  Both  longitudinal  and  girth  seams 
are  in  double  rows  of  flathead  rivets.  The  interior  heads  are  hardly 
noticeable  when  buried  in  a  coat  of  asphalt  dip.  This  is  classed  as 
cylinder-joint  pipe  but  for  relatively  thin  sheets,  any  shoulder  offset 
is  nicely  tapered  by  the  flow  of  the  asphalt.  This  is  reflected  in  the 
high  capacity.  Experiments  were  made  when  the  pipe  was  3  years 
old. 

This  line  eave  excellent  opportunity  for  reliable  tests  largely  on 
account  of  the  long  reach — 3,694.3  feet.  A  few  gentle  curves  oc- 
curred in  the  plan  view.  In  profile  the  line  was  on  continuous  down 
grade.     Piezometers,  neutral  to  the  flow,  were  thrust  through  %6-inch 
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holes  bored  in  the  pipe  line.  Pressure  tubing  connected  the  piezom- 
eters with  mercury  manometers  of  the  U-tube  form.  Velocities 
were  determined  by  timing  color  injected  through  a  hole  1  foot  from 
piezometer  No.  1  and  observed  in  a  white-lined  pan  by  withdraw- 
mg  w^ater  at  gauge  No.  2.  The  whole  line  under  test  being  on 
down  grade,  there  was  no  obstruction  caused  by  accumulated  sand. 
The  results  of  the  series  of  tests  show  great  consistency.  The  writer 
assigns  great  weight  to  this  series  in  contemplation  of  all  available 
data.  The  gentle  curves  and  continuous  down  grade  are  elements 
that  would  tend  to  produce  an  excess  of  capacity. 

No.   19. — Experiment   S-120,    17.85-iiich  riveted-steel   pipe — Orange    Blossom 
siphon,  Oakdale  irrigation  district,  California. — Capacity  + 15.5  per  cent 

Water  for  irrigation  is  conveyed  across  the  Stanislaus  River, 
between  open  canals,  in  a  siphon  pipe  of  riveted  steel.  The  total 
length  of  this  pipe  is  1,192.8  feet  and  the  maximum  pressure  head  is 
about  25  feet.  The  description  of  material,  riveting,  and  dipping 
given  for  pipe  No.  31  (page  69)  applies  to  this  line  also.  At  the  time 
of  the  test  sufficient  water  was  not  available  to  run  the  line  to  capacity, 
and  gauge  No.  1  was  placed  98  feet  down  a  steep  slope  from  the  intake 
end,  at  a  point  about  6  feet  lower  in  elevation  than  the  water  in  ih^ 
outlet  ditch.  This  gave  assurance  that  the  siphon  would  be  full  and 
under  pressure  at  piezometer  No.  1  for  all  flow^s  that  might  be 
available. 

Piezometers  for  gauge  No.  2  were  thrust  upstream  into  the  pipe 
3.2  feet  from  the  outlet  end.  Both  gauges  were  of  the  water-column 
type,  in  graduated  glass  tubes.  Velocities  were  determined  by  in- 
jecting potassium  permanganate  color  solution,  into  the  line  at  gauge 
No.  1  and  observing  the  color  where  the  pipe  discharged  into  the  open 
canal.  Five  observations  were  made  on  this  line,  the  maximum  velocity 
possible  being  only  1.6  feet  per  second.  For  this  velocity  the  total 
loss  of  head  was  but  0.479  foot  for  the  test  reach  of  1,091.4  feet.  As 
this  and  all  similar  losses  for  lesser  velocities  may  well  come  within 
an  appreciable  percentage  of  experimental  error,  too  much  faith  is 
not  to  be  placed  in  the  retardation  coefficients.  Although  the 
values  are  discounted  they  can  be  considered  as  corroborating  the 
values  found  for  pipes  Nos.  20  and  31,  in  this  same  system. 

No.  20. — Experiment  S-122,  17.85-inch  riveted-steel  pipe — Birnbaum  pipe  line 
Oakdale  irrigation  district,  California. — Capacity  +5.5  per  cent 

About  1  mile  west  of  Oakdale,  Calif.,  irrigation  water  is  conveyed 
from  one  open  canal  to  another  at  a  materially  lower  level  by  means 
of  a  compound  steel  pipe.  The  first  reach  was  34  inches  in  diameter, 
2,600  feet  long.  At  the  lower  end  a  T  connection  led  to  a  straight- 
continuation  of  the  line  by  a  20-inch  pipe  (No.  22)  and  a  line  at  right 
angles,  18  inches  in  diameter  (No.  20)  on  which  this  test  was  made. 
This  line  is  perfectly  straight  in  both  plan  and  profile.  The  outlet 
is  a  foot  or  so  higher  than  the  intake  end.  A  pressure  head  of  about 
20  feet  is  available  at  the  intake.  Inside  diameters  were  determined 
from  measurements  of  pipe  sections  remaining  in  the  pipe  yard. 
Color  was  timed  from  a  point  near  the  intake,  where  it  was  shot 
with  a  pressure  gun,  to  the  outlet  of  the  pipe  line  in  an  open  ditch. 
The  reach  was  1,532.9  feet  long  between  piezometer  holes.  A  mer- 
cury U-tube  was  used  as  gauge  No.  1,  while  a  water  column  was 
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sufficient  at  gauge  No.  2.  Conditions  for  experimentation  on  this 
line  were  excellent  and  the  results  are  particularly  satisfactory  for 
use  in  determining  the  coefficients  for  suggested  formulas. 

No.    22. — Experiment  S-121,  20-inch  riveted-steel  pipe — Birnbaum   pipe   line, 
Oakdale  irrigation  district,  California — Capacity  —9.5  per  cent 

This  reach  was  part  of  the  line  described  as  No.  20  and  No.  31. 
It  was  perfectly  straight  and  as  previously  stated  was  a  continuation 
of  the  34-inch  pipe.  There  was  practically  no  slope  of  the  ground  sur- 
face and  the  outlet  of  the  pipe  required  a  slight  rise  into  a  concrete 
pool  of  an  open  canal.  These  conditions  would  contribute  to  the 
accumulation  of  any  sand  that  came  out  of  the  upper  canal  and 
probably  account  for  the  low  capacity.  It  was  not  feasible  to  with- 
draw the  water  from  the  line  and  examine  the  inside.  Eleven 
observations  of  velocities  ranging  from  about  1.6  to  5  feet  per  second 
showed  very  consistent  results  when  plotted  on  logarithmic  paper. 
The  computations  were  made  using  the  observed  velocity  and  loss  of 
head  and  a  pipe  size  which  was  assumed  to  be  the  same  as  the  average 
of  measured  samples  in  the  yard.  If  this  line  was  obstructed  with 
sand  so  as  to  make  its  effective  size  that  of  a  16-inch  pipe,  the  values 
of  the  coefficients  are  consistent  and  near  those  found  on  the  other 
two  parts  of  the  Birnbaum  pipe  line  (Nos.  20  and  31). 

No.    31. — Experiment  S-123,  34-inch  riveted-steel  pipe — Birnbaum   pipe   line, 
Oakdale  irrigation  district,  California — Capacity  +8  per  cent 

This  test  of  this  pipe  was  made  on  a  reach  2,035  feet  long,  in  two 
straight  sections  joined  by  a  curve  through  about  45°.  Piezometers 
and  gauges  at  both  ends  of  the  reach  were  identical.  Holes  %6-inch 
in  diameter  were  drilled  through  the  pipe  at  points  corresponding 
closely  to  10  and  2  on  a  clock  dial.  Piezometer  tubes,  each  with 
four  openings,  neutral  to  the  current,  were  thrust  into  the  water 
prism.  Pressure  tubes  led  from  these  piezometers  to  mercury  gauges 
of  U-tube  form.  A  line  of  levels  and  another  of  check  levels  deter- 
mined the  elevations  of  the  gauge  zeros  in  the  graduated  glasses. 
Velocities  were  determined  by  timing  color,  injected  through  one  of 
the  holes  at  gauge  No.  1  and  observed  in  a  white-lined  pan  into  which 
water  was  drawn  at  gauge  No.  2.  The  beginning  of  this  pipe  extends 
down  a  moderate  slope  from  the  canal  to  the  flat.  After  a  few  hun- 
dred feet  the  slope  is  quite  gentle  but  enough  to  carry  sand  into  the 
20-inch  pipe.  Two  inside  diameters  were  measured  in  a  sample  pipe 
remaining  from  construction. 

This  pipe  line  was  4  j^ears  old  at  time  of  test.  It  was  made  of 
12-gauge  metal,  joined  with  flathead  rivets — a  double  staggered  row 
longitudinally  and  a  single  row  roundabout.  When  double  dipped 
in  a  thick  coat  of  asphalt,  flat  rivet  heads  are  quite  well  masked. 
There  is  little  obstruction  at  the  lapping  of  adjoining  plates,  when  of 
thin  metal.  The  values  of  Z,  =  0.339  and  of  (7„,=  127.2  agree  quite 
closely  with  the  values  found  on  the  18-inch  pipe  of  similar  construc- 
tion leading  ofl'  from  the  lower  end  of  this  pipe.     (No.  20.) 

The  topography  is  such  that  all  sand  or  silt  flowing  into  the  pipe 
from  the  canal  above  would  accumulate  in  the  flat-grade  outlet  pipe; 
that  is,  in  the  20-inch  pipe  described  as  No.  22.  The  retardation 
factors  found  show  this  to  have  been  the  condition. 
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No.  33. — Experiment    S-124,    36-inch    riveted-steel   slip-joint    pipe — Lindsay- 
Strathmore  irrigation  district,  California — Capacity  +0.5  per  cent 

Water  for  irrigation  in  the  Lindsay-Strathmore  irrigation  district, 
California  is  pumped  up  a  steep  slope  from  the  low-line  canal  to  a  high- 
line  flume  through  a  36-inch  pipe  of  10-gauge  steel,  seamed  with  taper 
joints  and  flat-head  rivets.  The  outside  is  wrapped  with  asphalted 
paper.  The  length  of  this  pipe  is  about  1,200  feet  from  pump  to 
outlet.  Tests  were  made  for  five  runs  of  water  at  velocities  ranging 
from  1.6  to  6.1  feet  per  second.  Piezometer  No.  1,  was  thrust  into 
the  pipe  through  a  ^{e-inch  hole  located  about  300  feet  from  the 
Venturi  meter  at  the  lower  end  of  the  line.  At  this  point  the  pres- 
sure head  was  162  feet,  yet  the  small  brass  piezometer  tube  made  a 
tight  connection  with  the  pipe  shell,  being  held  by  taper  and  friction 
alone.  The  pressure  head  was  observed  in  a  mercury  manometer  of 
U-tube  type.  A  second  hole  near  by  was  used  for  the  injection  of 
color  by  inserting  the  nozzle  of  the  color  gun  and  pumping  up  the  air 
reservoir  until  a  pressure  of  100  pounds  was  indicated  by  test  with  an 
automobile-tire  gauge.  This  pressure  in  the  gun  was  enough  more 
than  that  in  the  pipe  line  to  shoot  the  color  into  the  flowing  water 
prism  without  difficulty.  Piezometer  No.  2  was  exactly  like  No.  1 
and  was  inserted  through  the  shell  of  the  pipe  8  feet  above  the  outlet 
in  a  concrete  flume.  The  color  was  observed  as  it  poured  out  from 
the  pump  line.  The  view  in  Plate  2,  A  shows  the  condition  at  this 
outlet  eight  years  after  the  tests  described.  Gauge  No.  2  was  a  water 
column  in  graduated  glass.  The  velocity  of  the  water  as  determined 
by  shots  of  Congo  red,  was  used  in  computing  the  results.  Readings 
of  the  Venturi  meter  indicated  slightly  higher  velocities  than  those 
indicated  by  the  color.  For  most  runs  this  difference  was  less  than  2 
per  cent,  but  in  one  it  was  4  per  cent. 

These  tests  were  made  in  1919  when  the  pipe  was  1  year  old.  The 
average  values  of  Zs  =  0.376  and  (7^^=118.7  for  the  four  highest 
velocities  probably  reflect,  to  a  reasonable  degree,  the  true  condition 
of  this  pipe.  The  long  mercury  column — more  than  10  feet — used 
for  gauge  No.  1  required  material  correction  for  air  temperatures 
where  the  latter  varied  from  31°  to  35°  C.  (From  88°  to  95°  F.) 
For  the  lowest  velocity  in  the  pipe  fine  the  loss  of  head  as  determined 
from  the  top  of  the  computed  equivalent  water  column  at  gauge 
No.  1  to  the  top  of  the  actual  water  column  at  gauge  No.  2 — less 
than  0.2  foot — might  well  come  within  the  zone  of  influence  usually 
attributable  to  experimental  errors. 

No.  34. — Experiment  S-112,  36-inch  lap-riveted  plate  steel  pipe — Sooke  Lake 
water  supply,  Victoria,  British  Columbia — Capacity  +5.6  per  cent 

Water  is  conveyed  to  the  city  of  Victoria  from  Humpback  reservoir, 
by  a  steel  pipe  56,667  feet  long,  of  lap-riveted  plates  five-sixteenths- 
inch  thick  for  20,137  feet  and  three-eighths-inch  plate  for  the  balance. 
The  plate  was  made  by  the  open-hearth  process.  The  rivets  are  of 
extra-soft  steel.  The  pipe  units  are  of  4-plate  lengths,  giving  sec- 
tions about  22  feet  long.  Each  unit  was  dipped  in  hot  asphaltic 
compound. 

In  1917,  a  test  was  conducted  on  a  reach  of  the  three-eighths-inch 
plate  pipe  5,330.2  feet  long  and  near  the  upper  end  of  the  line.  In 
profile  this  reach  was  quite  sinuous,  having  seven  sags  with  drain 
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valves  and  seven  summits  with  air  valves.  In  plan  view  there  were 
four  curves  aggregating  152°.  Piezometer  tubes  for  gauge  No.  1 
(four  holes  in  each)  were  thrust  into  the  pipe  through  three-sixteenths- 
inch  holes  890  feet  from  the  dam  at  positions  corresponding  to  10 
and  2  on  a  clock  dial.  Piezometer  No.  2,  at  the  end  of  a  long 
straight  reach,  had  only  four  holes  in  a  single  tube.  Both  piezo- 
meters were  attached  to  mercury  manometers  of  the  U-tube  type. 
Quantity  was  determined  by  readings  at  5-niinute  intervals  on  the 
Venturi  meter  at  the  pipe  inlet  from  the  reservoir. 

No.  63. — Experiment  S-134,  62-inch  cylinder-jointed  lap-riveted  steel  pipe — 
Gage  Canal,  Riverside,  Calif — Capacity  +9.5  per  cent 

In  1924,  wooden  box  flume  No.  9,  conveying  irrigation  water  was 
replaced  with  a  62-inch  inverted-siphon  pipe  of  five-sixteenths-inch 
steel  plate  wrapped  with  a  protective  coating  and  brush  painted  on 
the  inside,  after  erection,  with  two  coats  of  asphalt.  The  same  year, 
a  single  test  for  loss  of  head  was  taken  from  inlet  to  outlet  pools. 
The  difference  in  elevation  between  the  two  pools  was  determined  by 
a  double  line  of  levels  and  the  velocity  was  determined  by  timing 
a  shot  of  color  (potassium  permanganate)  throughout  the  1,123  feet 
of  length.     This  test  indicated  the  pipe  to  be  in  excellent  condition. 

No.  76. — Experiment  S-129,  84-inch  riveted-steel  pipe — Penstock,  Wise  power 
plant.  Pacific  Gas  &  Electric  Co.,  near  Auburn,  Calif. 

Water  for  power  and  later  for  irrigation  serves  the  Wise  plant 
through  a  conduit  of  various  types  in  the  following  sequence: 

(a)   1,362.5  feet  of  96-inch  wood-stave  pipe. 
lb)  435.6  feet  of  tunnel. 

(c)  925.3  feet  of  84-inch  lap  riveted  steel  five-sixteenths-inch  plate.  (Includes 
a  Venturi  meter.) 

(d)  180  feet  of  84-inch  lap-riveted  steel  three-eighths-inch  plate. 

(e)  786  feet  of  84-inch  butt-strap  steel  three-eighths  inch  plate. 
(/)  878  feet  of  84-inch  lap-riveted  steel  three-eighths-inch  plate. 

(g)  788  feet  of  84-inch  lap-riveted  steel  seven-sixteenths-inch  plate. 
(A)  750  feet  of  84-inch  lap-riveted  steel  three-eighths-inch  plate. 
(i)  264  feet  of  84-inch  butt-strap  steel  three-eighths-inch  plate. 
(J)  822  feet  of  84-inch  butt-strap  steel  seven-sixteenths-inch  plate. 

The  above  sections  were  followed  by  tapering  sections  aggregating 
1,361.5  feet.  All  the  lap-riveted  pipe  was  made  with  cylinder  loints. 
Soon  after  completion  of  the  conduit  in  1917,  tests  were  made  by  the 
company  on  reaches  approximating  sections  g  (No.  72,  p.  112);  h, 
(No.  73,  p.  112);  and  ^  and  j  combined  (No.  74,  p.  112).  The  retar- 
dation factors  for  these  tests  may  be  taken  as  holding  for  a  new  pipe. 

Two  years  later  the  writer  conducted  a  series  of  tests  on  a  reach  of 
pipe  3,696.2  feet  long,  extending  from  the  Venturi  meter  oyer  sections 
<^}  d,  e,  /,  g,  and  part  of  h.  In  plan  view  the  reach  is  quite  straight 
but  it  contains  10  major  vertical  angles,  with  10  air  valves  and  1 
blow-off.  Difference  in  elevation  between  gauge  points  was  deter- 
mined by  a  checked  line  of  levels.  Mercury  U-tube  manometers 
were  attached  to  piezometers  thrust  through  the  pipe  into  the  water 
prism.  Quantity  was  measured  by  the  Venturi  meter.  From  these 
data  the  loss  in  head  was  determined. 

The  original  coating  of  this  penstock  was  a  graphite  paint,  applied 
with  brush.    Nodular  tubercles  quickly  formed,  each  with  a  pit 
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underneath.  In  comparing  the  two  tests,  values  for  the  combined 
reaches  g,  h,  i,  and  j  Usted  as  No.  75,  are  used.  The  1919  tests  indicate 
that  the  Hne  had  deteriorated  about  14  per  cent  in  two  years.  This 
decrease  became  so  marked  in  1923  that  the  company  cleaned  the 
interior  of  the  penstock  with  a  sand  blast  and  painted  it  with  two 
coats  of  red  lead  (21). 

At  the  age  of  2  years  the  capacity  of  this  pipe  had  decreased  from 
an  excess  capacity  of  3.4  per  cent,  as  noted  for  No.  75  above,  to  a 
deficiency. 

No.  80. — Experiment  S-128,  132-inch  riveted-steel  pipe,  cylinder  joints — Dead- 
man  siphon,  Los  Angeles  Aqueduct,  California — Capacity  +3.3  per  cent 

On  the  Los  Angeles  Aqueduct  there  are  13  inverted  siphons  of 
riveted  steel  and  8  of  concrete.  These  siphons  range  in  diameter 
from  73^,  to  11  feet.  Experiments  for  loss  of  head  were  made  on 
Deadman  siphon,  near  Saugus,  in  1919.  It  was  then  about  7  years 
old.     Water  is  conveyed  for  irrigation,  power,  and  municipal  use. 

The  total  length  of  the  siphon  is  3,430  feet.  The  steel  portion  is 
11  feet  in  diameter,  of  plates  from  one-fourth  to  one-half  inch  thick, 
with  girth  joints  single  riveted  and  longitudinal  joints  double  riveted. 
The  pipe  was  constructed  with  in-and-out  or  cylinder  courses.  The 
rivet  heads  are  round  and  prominent.  According  to  the  final  report 
on  the  aqueduct  (112,  p.  220),  all  the  steel  work  was  painted  with 
hydrocarbon  oil,  residual  from  the  manufacture  of  gas  from  Cali- 
fornia asphalt  oil.  This  coating  penetrates  rust  and  rust  scales  on  the 
metal.  It  was  applied  with  brushes,  without  dilution  in  warm 
weather,  but  heated  and  diluted  with  distillate  in  cold  weather  or 
when  put  on  cold  plates. 

The  initial  reach  of  this  pipe  is  concrete.  About  20  feet  below  the 
transition  (in  foreground,  pi.  3,  A)  between  the  concrete  and  steel, 
holes  three-sixteenths  inch  in  diameter  were  drilled  through  the  steel 
shell  at  positions  corresponding  to  10  and  4  on  a  clock  dial.  Through 
these  holes  piezometers  were  thrust  and  connected  by  a  manifold  to 
gauge  No.  1,  a  mercury  column  of  U-tube  form.  Near  the  outlet  a 
similar  layout  of  piezometers  led  to  a  water  column.  Practically  all 
the  steel  portion  of  this  siphon  was  included  in  the  test  reach,  a  dis- 
tance of  3,324.5  feet.  (PL  3,  A.)  The  reach  was  straight  in  plan 
view  but  included  seven  vertical  angles,  each  of  which  was  less 
than  20°. 

During  the  tests  changes  were  made  in  the  flow,  for  the  purpose  of 
producing  several  velocities,  but  the  final  range  of  velocities  was  not 
wide.  Velocities  were  determined  by  timing  color,  shot  from  a 
pressure  gun  into  the  pipe  line  a  few  feet  upstream  from  gauge  No.  1, 
and  observed  through  a  manhole  in  the  flow  line  just  at  the  outlet 
end  of  the  siphon.  In  order  to  detect  the  color  a  white  dinner  plate 
was  suspended  by  four  wires  just  below  the  surface  of  the  water,  and 
was  lighted  by  a  beam  of  sunlight  reflected  from  a  small  mirror.  A 
survey  party  furnished  by  the  Los  Angeles  department  of  water 
supply  ran  two  lines  of  levels  across  the  valley  between  bench  marks 
near  the  gauges  while  the  observations  were  being  taken.  The  tests 
indicated  values  of  ^s  =  0.460  or  (7«;=  102.5  for  this  fine.  It  was 
designed  with  (7  in  the  Chezy  formula  equal  to  90.  The  average  value 
of  C  was  111.7  when  the  pipe  was  7  years  old. 
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PLATE  3 


A.— Deadman  siphon,  Los  Angeles  Aqueduct  (PiiK^  No.  80).  Riveted  steel  cylinder  joints,  11  feet  ia 
diameter.    Conveys  water  for  irrigation  and  domestic  use. 

B.— A  20-inch  O.  D.  piix?  coupling  joints  continuous  interior,  class  3  penstock,  Colorado  Springs 
municipal  power  plant,  Colorado.    Pipe  No.  312.        • 

C— Double  butt  strap  pn*.  A  48-inch  pipe  of  heavy  plate  being  cleaned  by  sand  blast  before  coat- 
ing.  Note  six  rows  of  rivet  heads  on  straight  seams  and  (our  rows  on  girth  seams. 
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PLATE  4 


"^i^. 


A —Typical  cylinder-jointed  riveted  steel  pipe.    Note  longitudinal  wrinkles  m  coating. 
B  —Rattlesnake  siphon,  Wilkes- Barre,  Pa.    A  lock-bar  pipe  (No.  216)  between  open  canal  sections. 
C— Supply  main,  Marin  municipal  water  district     A  full-welded  pipe  26  mches  in  diameter. 
(Pipe  No.  311.)    Line  61  per  cent  on  curves. 
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No.   81. — Experiment   S-115,    14-foot   lap-riveted   steel   flow   line,    Ohio    State 
power  plant,  Fremont,  Ohio — Capacity  — 10.6  per  cent 

Water  for  power  purposes  is  diverted  from  the  Sandusky  River 
and  carried  2,861  feet  through  a  14-foot  steel  pipe  to  a  large  forebay 
adjoining  a  low-head  power  plant.  The  pipe  is  almost  straight  in 
both  plan  and  profile.  It  is  formed  of  plates  five-sixteenths  inch 
thick,  cylinder-jointed  in  rings  6  feet  8}^  inches  long.  At  each  girth 
joint  is  a  stiffener  ring  of  4  by  6  inch  L-section  riveted  to  the  pipe.  As 
an  additional  precaution,  heavy  H -section  steel  members  hold  the 
pipe  in  circular  form.  A  capacity  test  was  made  on  a  reach  2,824 
feet  long  from  a  point  27  feet  from  the  pipe  intake  to  a  point  20  feet 
above  the  forebay  pool  at  the  power  house.  Loss  of  head  was  found 
by  determining  the  difference  in  elevation  between  a  water  column  at 
the  upper  end  and  a  mercury  U-tube  column  at  the  lower  end.  Both 
gauges  were  of  engine-divided  manometer  tubing.  Velocity  was 
determined  by  timing  color  from  gauge  No.  1  to  the  pool  at  the 
outlet. 

GIRTH-RIVETED  PIPES 

[See  pp.  113  and  126  in  appendices] 

No.  216. — Experiment  S-116,  36-inch  lockbar  steel  pipe — Rattlesnake  siphon, 
Spring  Brook  Water  Supply  Co.,  Wilkes-Barre,  Pa. — Capacity  —21.9  per  cent 

Water  for  domestic  purposes  is  conveyed  across  Rattlesnake  Hollow, 
a  few  miles  from  Wilkes-Barre,  in  a  steel  inverted  siphon  pipe  con- 
necting open  canal  sections  on  either  side  of  the  gulch.  This  pipe  is 
about  1,321  feet  long  between  inlet  and  outlet  chambers.  The  two 
legs  of  the  siphon  are  quite  steep,  with  an  intervening  horizontal 
section.  (PI.  4,  B.)  The  line  is  straight  in  plan  view  but  includes 
nine  vertical  bends.  Two  series  of  experiments  were  made  on  this 
pipe  at  about  the  same  time;  one  by  a  party  under  the  direction  of 
the  writer,  and  the  other  by  the  company's  engineers. 

In  the  test  made  by  the  bureau  the  piezometers  were  all  thrust 
into  the  water  section  through  ^{e-inch  holes  in  the  pipe.  In  those 
made  by  the  company  3^-inch  corporation  cocks  were  tapped  into 
the  shell  of  the  pipe.  The  bureau's  tap  No.  1  was  45  feet  from  the 
intake  end;  the  company's  0.3  foot  nearer.  Taps  for  No.  2  gauges 
were  3  feet  above  the  outlet.  The  piezometers  were  spaced  at  ap- 
proximately equal  distances  and  all  were  connected  to  water-column 
gauges.  Relative  elevations  across  the  gulch  were  determined  with 
a  Y-level  and  checked  by  piezometer  readings  with  a  velocity  ap- 
proximating static  conditions;  that  is,  a  velocity  of  but  0.258  foot 
per  second.  This  velocity  caused  a  loss  of  head  of  0.014  foot  in  the 
piezometers.  Velocities  determined  by  timing  color  injections  were 
accepted  as  correct.  A  suppressed  weir  4.99  feet  in  crest  length  was 
available,  but  the  velocity  of  approach  caused  such  a  turbulent 
condition  that  the  weir  was  taken  as  a  rough  check  only.  In  all 
cases  the  color  indicated  more  flow  than  that  computed  for  the  weir. 
The  difference  was  accounted  for  by  the  uncomputed  extra  flow  over 
the  weir  resulting  from  the  indeterminate  approach  velocity.  After 
the  bureau's  field  party  had  tested  such  flows  as  could  be  made 
available,  the  gauges  were  turned  over  to  the  water  company  engineers 
who  secured  a  few  additional  runs,  some  at  high  velocities.     These 
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observations  with  bureau  equipment  are  included  in  the  bureau 
series,  while  the  company's  piezometer  readings  are  presented  as  a 
separate  series,  Hsted  as  No.  216a. 

The  retardation  factors  determined  from  this  series  should  not 
be  taken  as  indicating  the  capacity  of  this  type  of  pipe,  but  as 
indicating  the  departure  from  normal  capacity  that  is  possible  under 
certain  conditions.  An  inverted  siphon  is  of  course  subject  to  ob- 
struction by  heavy  objects  which  may  enter  the  open  canal  feeding 
the  siphon,  especially  where  the  canal  skirts  a  rather  steep  hillside, 
and  this  pipe  was  found  to  contain  a  coating  from  one-eighth  to  one- 
fourth  inch  thick  of  a  slimy  algae  growth. 

No.  216a. — Same  line  as  No.  216 

At  approximately  the  same  time  the  tests  described  above  were 
made  the  engineers  of  the  Spring  Brook  Water  Go.  conducted  an 
independent  series  on  about  the  same  reach  of  pipe.  Their  tests 
included  runs  at  velocities  from  0.26  foot  per  second  up  to  4.57  feet 
per  second.  The  results  at  velocities  below  1  foot  per  second  were 
so  erratic  that  they  are  not  included  in  this  bulletin,  but  the  others, 
as  shown  in  Tables  3  and  4  agree  completely  with  those  found  by  the 
bureau's  field  party. 

CONTINUOUS-INTERIOR  PIPE 

[See  p.  117  in  Appendix  1] 

No.  308. — Experiment  S-126,  8-inch  (outside  diameter)  bell-and-spigot  joint 
steel  pipe — Lateral  21  from  Chatsworth  high  line,  Los  Angeles  water  supply, 
California — Capacity  —6.1  per  cent 

This  pipe  is  part  of  the  network  of  steel  lines  that  irrigate  San 
Fernando  Valley,  within  the  city  limits  of  Los  Angeles.  (See  pipe 
No.  17  p.  67  for  details  of  operation  of  these  lines.)  The  nominal 
diameter  given  is  the  outside  diameter,  the  inside  being  7.689  inches. 
The  interior  coating  is  a  coal-tar  dip.  Field  joints  are  of  the  bell- 
and-spigot  type,  made  tight  with  neat  Portland  cement  calked  into 
the  joints. 

The  line  is  straight  and  on  a  continuous  down  grade,  and  regulated 
by  a  valve  at  the  outlet  end.  A  reach  585.8  feet  between  the  intake 
and  a  branch  line  was  selected  for  test.  The  upper  gauge  was  a  water 
column  in  graduated  glass  and  the  lower  gauge  a  mercury  column 
of  the  U-tube  type.  Both  piezometers  were  thrust  into  the  jet 
through  small  holes  bored  in  the  pipe  shell. 

Velocity  was  determined  by  timing  color,  shot  into  the  pipe  through 
the  hole  bored  for  piezometer  No.  1  and  observed  by  withdrawing 
water  into  a  white-lined  pan  at  gauge  No.  2. 

This  pipe  was  3  years  old  at  time  of  test.  A  comparison  with  new 
experimental  pipes  of  this  type  will  be  found  under  Nos.  302,  304  and 
310,  pages  117  and  118. 

No.    313. — 26-inch    welded    steel    pipe.     Municipal    supply,    Marin    municipal 
water  district,  California  (166) — Capacity  —2.7  per  cent 

In  1926  a  full-welded  steel  pipe  was  laid  from  Alpine  Dam  to  serve 
several  municipalities  near  the  coast  of  Marin  County,  Calif.  One 
year  later  flow  tests  were  made  on  division  No.  1,  a  very  crooked 
section  from  the  dam  to  Pine  Mountain  tunnel,  a  distance  of  18,400 
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feet.  The  line  was  made  in  14-foot  single-plate  sections,  butt-welded 
on  the  straight  seam.  The  girth  joints  were  all  butt-welded  in  the 
field  with  acetylene  torch,  the  angle  cut  being  made  by  means  of 
an  ingenious  device  perfected  by  the  contractor.  The  sections 
were  preheated  and  dipped  in  the  same  kind  of  coating  as  shown  in 
Plate  1,  C.  Field  joints  were  painted  with  the  same  coating.  A 
portion  of  the  alignment  is  shown  in  Plate  4,  C.  About  7,400  feet 
of  the  length  was  of  short  straight  sections;  the  remaining  11,000  feet 
was  in  133  short  curves  on  14-foot  chords,  the  greatest  angle  at  any 
one  pipe  joint  being  16°.  The  aggregate  angle  of  bends  was  6,488° 
or  18  complete  circles. 

Two  flow  tests  were  made  by  J.  S.  Peters,  chief  engineer  for  the 
district.  The  third  test  was  made  some  five  months  later  by  Mr. 
Peters  and  the  writer.  For  the  low  flow,  the  two  ends  of  the  line 
were  just  submerged.  Quantity  was  measured  over  a  well-constructed 
rectangular  steel  weir,  8  feet  long,  with  end  and  bottom  contrac- 
tion distances  more  than  Sh.  The  white- tiled  pool  above  the  weir 
was  quiet  and  without  appreciable  velocity  of  approach.  An  accept- 
able float  gauge  showed  the  head  on  the  weir  crest.  The  outlet  end 
of  the  pipe  discharged  freely  into  the  tunnel  section.  The  loss  of 
head  was  computed  from  gauge  readings  and  checked  field  levels. 

The  great  length  of  line,  compared  with  the  diameter,  makes  these 
tests  of  unusual  value.  The  second  test  was  made  by  subjecting  the 
inlet  end  of  the  pipe  to  the  full  head  of  water  in  the  reservoir,  some 
77  feet,  and  by-passing  the  weir  house  through  a  Venturi  meter, 
equipped  with  a  recording  device.  As  there  was  an  unknown  loss 
of  head  from  the  reservoir  water  through  orifices,  gates,  valves,  and 
Venturi  meter  the  computations  for  this  rim  were  not  accepted  until 
after  the  third  test,  which  was  made  like  the  gecond  except  that  a 
mercury  U-tube  column  was  erected  on  the  line  935  feet  below  the 
Venturi  meter.  For  this  run,  it  was  found  there  was  a  loss  of  23.4 
velocity  heads^  (for  the  velocity  of  5.47  feet  per  second  existing  in 
the  26-inch  line),  between  the  reservoir  surface  and  the  upper  end 
of  the  26-inch  line  at  the  weir  house.  The  second  test  by  Mr.  Peters 
was  then  corrected  for  a  loss  of  23.4  velocity  heads  for  the  velocity 
of  6.04  feet  per  second  in  the  pipe  Une.  These  two  tests  each  cov- 
ered a  period  of  one  hour.  The  data  were  then  on  a  comparable 
basis  for  all  three  runs. 

These  tests  may  be  compared  directly  with  those  made  by  Mr. 
Kempkey  on  the  Gordon  Valley  line  (No.  162,  p.  123)  as  the  pipes  are 
similar  except  that  the  26-inch  line  is  sUghtly  larger  and  very  crooked. 
They  were  made  by  the  same  organization  at  about  the  same  time. 

CORRUGATED   PIPE 

No.  600.— 8.88-inch  experimental  line,  Arlington,  Va.  (182,  183)  —  Capacity +  3.6 

per  cent 

In  1917  D.  L.  Yamell,  senior  drainage  engineer  of  the  Division  of 
Agricultural  Engineering,  conducted  tests  of  flow  through  draintile 
and  nominal  8-inch  and  10-inch  corrugated  pipes.    Detailed  descrip- 

» This  tenn  Is  used  to  express  local  losses  through  gratings,  chambers,  valves,  Venturi  meters,  etc.  gen- 
erally found  at  thejntake  of  municipal  pipe  lines.    For  example  if  the  predominating  velocity  in  the  pipe 

8 ' 
connecting  the  "specials"  is  8  feet  per  second,  then  the  velocity  head  for  8  feet  is  g^—l  ^oo^  ^^^  if  t^^  ag- 
gregate loss  is  taken  as  5  feet  or  determined  to  be  6  feet  then  this  loss  is  expressed  as  five  velocity  heads 
and  the  losses  for  any  other  flow  will  approximate  the  same  number  of  velocity  heads  for  the  velocity  gen- 
erated by  that  flow. 
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tion  and  photographs  of  test  methods  and  equipment  were  reported 
(182).  One  hundred  and  forty-seven  experiments  were  made  on  the 
two  sizes  of  corrugated  pipe,  but  only  three  runs,  on  the  nominal 
8-inch  size,  were  made  with  the  pipe  running  full.  Elements  of  these 
tests  are  found  in  (183). 

In  essentials  the  layout  was  as  follows:  A  straight  reach  of  200 
feet  was  laid  in  earth  placed  in  a  wooden  flume,  so  arranged  by  screw 
lifts  that  the  slope  could  be  changed.  The  screws  allowed  delicate 
adjustment  so  that  the  even  values  of  H  given  in  Table  3  were  actu- 
ally attained  on  the  hydraulic  gradient.  The  pipe  units  were  held 
together  by  metal  bands.  Water,  supplied  by  an  8-inch  centrifugal 
pump,  was  measured  over  a  90°  V-notch  weir.  Internal  diameters 
were  determined  before  units  were  laid. 

For  flows  in  both  8-inch  and  10-inch  sizes  at  various  depths  less 
than  full,  the  values  of  Kutter's  n  obtained  cover  a  wide  range,  but 
the  predominating  frequency  of  values  from  0.019  to  0.020  indicates 
that  a  value  of  0.020  is  conservative  for  conditions  approaching  the 
ideal,  as  in  these  laboratory  tests. 

COMPOUND   PIPES 

[See  pp.  121  and  126  in  appendices] 

No.  154. — Experiment  S-133 — 64.2-inch  (average)  riveted  steel  pipe — River 
siphon,  Bitter  Root  Valley  irrigation  district,  Montana — Capacity +14  per 
cent — Without  allowance  for  time  deterioration  (because  of  polishing  veloci- 
ties) capacity +2.1  per  cent 

Irrigation  water  is  conveyed  across  the  Bitter  Root  River,  between 
open  canal  sections,  in  a  steel  siphon  pipe  of  varying  diameters  as 
listed  in  Table  2. 

The  reach  tested  was  5,362  feet  long,  which  did  not  include  the 
first  287.5  feet  of  the  71-inch  pipe  at  the  intake  end  and  4.2  feet  at  the 
outlet  end.  The  long  reach,  combined  with  a  high  velocity  through- 
out, made  the  experiment  of  great  value,  results  being  but  little  in- 
fluenced by  unavoidable  experimental  errors.  Both  piezometers  were 
inserted  into  the  water  prism  through  Ke-inch  holes  bored  in  the  side 
of  the  pipe.  Even  with  this  precaution,  the  water  entered  the  siphon 
in  such  a  tiu-bulent  condition  that  air  was  very  evident  at  gauge  No. 
1  until  removed  from  the  pressure  tubing  leading  up  the  hill  from  the 
piezometer  tap  to  the  graduated  glass. 

This  was  accomplished  by  an  air  trap  placed  just  outside  the  steel 
pipe  and  made  as  follows:  A  glass  Y-tube  was  inverted,  with  one 
short  leg  connected  to  the  piezometer  tube  outside  the  siphon  and 
the  other  short  leg  leading  to  the  water-column  gauge  glass.  The 
vertical  leg  of  the  Y  was  connected  to  the  color  gun,  which  was  used 
as  an  air  chamber.  Bubbles  of  air  flnding  their  way  into  the  piezom- 
eter tube,  ascended  the  glass  Y  into  the  air  chamber,  leaving  a 
column  of  solid  water  in  the  pressure  tubing  between  the  siphon  and 
the  gauge. 

If  air  bubbles  are  allowed  to  remain  in  such  a  water  column,  the 
indicated  elevation  of  the  top  of  the  column  is  erroneous.  Where 
much  air  is  entrained  in  a  Une  being  tested  all  the  bubbles  can  not  be 
expelled  from  the  water  column  by  blowing  off  the  gauges.  A  con- 
tinuous stream  of  bubbles  comes  along  with  the  water,  so  that  at 
any  time  the  blow-off  is  closed  tho  column  between  the  gauge  and  the 
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piezometer  is  still  filled  with  a  combination  of  air  and  water.  How- 
ever, with  a  trap  such  as  that  described,  it  is  easy  to  secure  a  water 
column  free  of  air. 

The  average  velocitv  through  the  siphon  from  gauge  No.  1  to  the 
outlet  was  determined  by  the  injection  of  fluorescein  at  tap  No.  1 
which  was  observed  in  the  canal  at  the  outlet  of  the  pipe.  The 
quantity,  Q,  was  found  by  using  the  continuity  equation,  Q^^AV, 
where  A  is  the  weighted  average  cross-sectional  area  of  the  pipe 
through  which  the  color  passes  and  V  the  average  velocity.  The 
total  Toss  of  head  for  the  reach  tested  amounted  to  37.9  feet.  Just 
how  much  of  this  was  lost  in  the  different  sized  reaches  was  not 
determined. 

No.  158. — Experiment  S-103 — 84-inch  and  90-inch  riveted  steel  pipe,  cylinder 
jointed,  St.  Mary  River  crossing  siphon,  Milk  River  project.  United  States 
Bureau  of  Reclamation,  Montana — Capacity  + 16.8  per  cent 

Water  for  irrigation  purposes  is  conveyed  across  the  St.  Mary 
River  in  an  inverted  siphon  pipe  of  riveted  steel.  This  siphon, 
between  open  canal  sections,  is  composed  of  1,432  feet  of  90-inch  pipe, 
then  a  6-foot  transition  section  to  an  84-inch  pipe  831  feet  long,  then 
an  enlarging  transition  section  back  to  a  90-inch  pipe  953  feet  long. 

The  pipe  line  is  of  the  cylinder-joint  type,  with  beveled  edge  plates 
having  double  rivet  rows  on  the  longitudinal  seams  and  single  rows 
on  the  girth  seams.  It  was  built  under  two  contracts.  Under  the 
first  it  was  assembled  in  field  sections  and  given  one  coat  of  water- 
gas  tar  and  two  coats  of  coal-gas  tar,  1  foot  at  each  end  being  left 
without  paint,  so  that  final  riveting  would  be  on  uncoated  metal. 
All  peeled  spots  were  recoated.  Approximately  the  entire  last  half 
of  the  pipe  was  constructed  under  the  second  contract.  This  portion 
of  the  line  was  given  three  coats  of  coal  tar,  cut  with  one-quarter  its 
volume  of  water-gas  tar  and  distillate,  mixed  in  equal  parts.  This 
coat  was  applied  at  boiling  temperature  with  a  brush. 

The  siphon  was  finished  in  1915.  Two  years  later  tests  were  made 
at  two  velocities.  Gauge  No.  1  was  attached  to  piezometers  at  a 
point  315.8  feet  from  the  intake  end  of  the  pipe,  on  the  first  90-inch 
section.  Gauge  No.  2,  attached  to  similar  piezometers,  was  placed 
only  9  feet  above  the  outlet  end  of  the  siphon,  on  the  second  90-inch 
pipe.  The  loss  of  head  was  determined  for  a  compound  pipe — two 
90-inch  sections  at  the  ends,  joined  by  6-foot  taper  sections  to  an 
84-inch  reach  crossing  the  bridge  above  the  river.  The  quantity  of 
water  was  measured  with  a  current  meter  in  Spider  Lake  coulee 
flume,  located  just  below  the  outlet  of  the  siphon  pipe. 

The  individual  losses  in  the  various  sizes  of  pipe  were  not  deter- 
mined but  the  total  loss  can  be  allocated  to  each  pipe  size,  by  using 
the  same  values  of  Kg  and  C„,  for  each  run  of  water. 

ANALYSIS  OF  THE  EXPERIMENTAL  DATA 

The  extent  of  the  data  now  available  on  measured  losses  of  head 
for  given  velocities,  in  riveted-steel  and  analogous  pipes,  warrants 
the  acceptance  of  some  one  of  the  existing  formulas  of  flow  or  the 
revision  of  certain  elements  to  accord  with  data  accumulated  from 
actual  experience.  If  the  necessary  revision  of  elements  is  of  moment 
a  new  formula  must  be  derived. 
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To  avoid  going  over  old  ground  certain  generally  accepted  premises 
will  be  stated  here  and  the  argument  taken  up  from  that  point. 
Literature  citations  will  indicate  where  more  complete  discussion  of 
the  premises  can  be  found.     The  primary  assumptions  are: 

1.  The  exponential  type  of  formula  is  preferable  to  any  other  form. — It 
is  fully  understood  that  losses  within  most  closed  pipes,  at  velocities 
above  Reynolds'  critical  velocity  (14^),  i.  e.  at  all  ''commercial  veloc- 
ities" require  for  the  exponent  of  F  a  compromise  value  somewhat 
less  than2.00  {146,55,147, 173,151,16,180,183).  A  series  of  observa- 
tions on  a  pipe,  platted  on  logarithmic  paper,  with  losses  of  head  as 
ordinates  and  velocities  as  abscissas,  gives  a  straight  line  whose  slope 
indicates  the  exponent  of  V  in  formula  14,  p.  79. 

2.  A  complete  statement  of  the  elements  entering  a  formula  for  the 
loss  of  head  must  include  the  influence  of  temperature  of  the  water  in 
ajffecting  viscosity  (14^,  18, 16,  89, 133). — This  influence  is  quite  small 
and  has  generally  been  ignored  heretofore,  especially  by  American 
hydraulicians,  as  the  variability  of  other  factors  in  the  various 
formulas  did  not  warrant  refinement  in  this  one  direction.  In  this 
bulletin  water  temperatures  were  considered,  where  available.  Final 
recommendations  are  based  on  a  temperature  of  15°  C.  The  last 
column  of  Table  6  shows  the  correction  necessary  if  any  other  tem- 
perature is  to  be  the  criterion.  It  also  shows  that  this  correction  is 
insignificant  for  all  temperatures  likely  to  be  encountered. 

3.  Consideration  of  viscosity  most  properly  takes  the  form  of  acceptance 
of  the  law  of  dynamic  similarity  for  fluid  motion  (14^,  16,  133). — This 
law  ^  is  to  the  effect  that  frictional  losses  in  the  flow  of  both  liquids 

and  gases  are  a  function  of • 

6  There  appear  to  be  three  general  ways  to  apply  the  fact  that  resistance  to  flow  in  all  fluids  is  a  function 
V  D 
of "  Reynolds'  number  " So  far  authorities  are  in  agreement.     With  this  as  a  base,  Parry  {133),  for 

instance,  develops  constants  for  various  kinds  of  pipes  in  terms  of  Chezy's  C,  but  this  method  yields 
variable  values  of  C  for  different  velocities  in  the  same  conduit  unless  the  loss  of  head  varies  as  the  square 
of  the  velocity.  Other  European  writers  develop  a  binomial  type  of  formula  using  the  above  viscosity 
function  in  one  of  the  terms.  The  latest  of  these  formulas  as  given  the  writer  in  correspondence  by  Erik 
Lindquist  {109),  of  Stockholm,  follows: 


2gDs 

V2    '■ 


-(■vl)("*) 


where  B  diminishes  and  K  increases  with  the  roughness  of  the  pipe. 

The  third  way  to  utilize  the  law  of  similarity  of  fluid  flow,  and  at  the  same  time  follow  empirical  results 
as  indicated  by  fractional  exponents,  has  been  chosen  by  the  writer,  following  the  exhaustive  studies  of 
Biegeleisen  {16). 

If  values  of  the  exponents  change,  as  is  claimed  by  some  authorities,  there  does  not  appear  to  be  any  change 
throughout  the  range  of  Reynold's  number  covered  in  the  experimental  data  available,  and  this  range  is 
sufficient  to  encompass  all  present  practice.  The  ease  of  handling  the  exponential  formula,  the  defiiite 
tieing  together  of  the  exponents  in  algebraic  form,  and  the  relative  simplicity  of  treatment  by  calculus,  in 
economic  studies,  all  encourage  the  use  of  the  exponential  formula  rather  than  other  types  where  "con- 
stants ' '  are  only  approximately  constant  or  so  many  in  number  that  almost  unlimited  data  would  be  required 
to  set  forth  formulas  definitely  for  various  categories  as  is  done  in  this  publication. 

The  following  argument,  expanded  and  converted  to  the  notation  used  in  this  bulletin  was  offered  by 
Biegeleisen  {16,  p.  494)  to  utilize  the  law  of  fluid  similarity  in  terms  of  exponential  formulas  already  accepted. 


In  basic  equation  6,  page  9,  ^f^-jDa  *^®  general  value  of /=a (  ^  j  "  hence 


_  _  F(i-n) 

L         2gD        '"~\2gJ\V^D^J\D  J     \2g  J     D(i^^) 

Substituting  z  for  (2  -  n)  then  1+71= 2-z+ 1 = a-?  and  n = 2-z,  and  by  writing  ^= fooo  ^^®  following  is  obtained 
for  the  general  formula  for  the  flow  of  water  in  circular  closed  conduits. 

1,000/1/    my(^')V'       ,^       wu(i-')V*        ,„  ^.        ,„      ^„„, 

— j^—  ==  2)(8-')     "'"  ^^  ^     2>(3-») —      ^^^  equations  19  and  20.) 
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Acceptance  of  the  above  premises  may  be  stated  in  proper  algebraic 
form  as  follows:  For  a  pven  surface  the  loss  of  head  is  influenced  by 
three  variables,  which  m  order  of  magnitude  are  velocity,  diameter, 
and  temperature  of  the  water.  Within  any  given  pipe,  disregarding 
for  a  moment  the  viscosity, 

n=  MV'  (14) 

For  a  series  of  pipes  of  the  same  general  characteristics  but  oi  varying 
diameters,  the  values  of  M  follow  the  general  equation 

M=  KD~''  where  x  is  negative.  (15) 

Substituting  in  formula  14 

H=  K~i  or  log  E==  log  Z+  2  log  F-  x  \ogB.  (16) 

This  form  has  been  offered  many  times,  with  various  values  of  Kj  x, 
and  2,  depending  on  the  experience  data  available  at  the  date  of  study. 
Thus  far  viscosity  has  been  disregarded  but  must  be  taken  into  ac- 
count in  the  derivation  of  a  precise  formula.     Considering  the  vi-^- 


cosity 

Substituting  in  formula  16 


K^mvv  (17) 


E=mvy~,  (18) 


The  solution  for  H  now  appears  hopelessly  involved,  there  being 
three  knowns  v^  D  and  F,  and  four  unknowns,  the  exponents  y,  x, 
and  z  and  the  term  m  representing  the  internal  characteristics  of  the 
pipe;  but  the  law  of  similarity  of  fluid  flow  clarifies  the  situation. 
Converted  to  the  writer's  notation,  Reynolds'  classic  work  of  1883 
(14^),  may  be  stated 

7/11/2-2  TTz 

3="^^^  (19) 

Blasius'  proof  of  this  formula  is  given  on  page  78,  showing  a  relation- 
ship such  that,  if  enough  observations  on  several  pipes  of  the  same 
characteristics  are  at  hand,  the  exponent  of  F  can  be  determined  and 
the  other  two  exponents  disclosed.  The  mass  of  experience  data  listed 
in  Tables  1,  2,  3,  and  4  indicates  the  average  exponent  of  F  to  be  1.9. 
Substitution  in  equation  19  above  gives 

5=^^^  (20) 

For  a  working  formula,  considering  viscosity  of  water  at  15°  C, 
substitution  in  equation  16  gives 

K  F^  ® 
B-%-  (21) 

This  is  the  writer's  basic  formula  No.  9  from  which  Nos.  10  and  11 
are  computed.  Before  the  determination  of  Z,  the  factors  of  equation 
20  should  be  considered  as  much  depends  upon  it.  It  is  not  aifficult 
to  accept  the  relationship  of  the  exponents  of  F  and  J9  as  a  con- 
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sideration  of  some  25  or  more  exponential  formulas  offered  during  the 
past  75  years  (listed  in  Table  5)  indicates  that  the  sum  of  these  two 
exponents  has  nearly  always  been  found  approximately  equal  to  3. 
Keynolds'  work  was  done  with  tubes  of  small  caliber.  The  opportu- 
nity of  checking  his  deductions  came  with  the  experiments  of  Saph 
and  Schoder  {146,  H7)  on  small  brass  pipes.  Their  values  of  z  and  x 
were  respectively  1.75  and  1.25  the  sum  of  which  again  equals  3. 
Blasius  {18),  following  the  work  of  Reynolds  and  Saph  and  Schoder, 
proved  the  law  of  similarity  but  did  not  have  sufficient  data  available 
from  which  to  draw  conclusions  as  to  values  of  the  coefficient,  K,  for 
various  kinds  of  pipe.  Biegeleisen  and  his  coauthor  {16)  undertake 
a  most  extensive  and  careful  analysis  of  the  work  of  all  previous 
authorities  and  show  the  mathematical  correctness  of  equation  19. 
(See  p.  79.)  They  then  apply  the  experience  of  1,761  gaugings  on 
cast-iron  pipe  and  find  exactly  the  same  exponents — 1.9  for  V  and 
1.1  for  D — found  by  the  writer  for  the  pipes  considered  in  this  bul- 
letin. However,  they  found  1.8  as  the  exponent  for  V  and  1.2  for  D 
on  a  study  of  steel  pipe  for  which  they  had  but  little  data,  compared 
to  that  now  available. 

Table  5. — Exponents  in  various  formulas  for  metal  pipes,  based  on  the  general 
formula  H—Kjy^j  and  showing  approach  of  z-\-x  to  a  value  3.000  as  first  sug- 
gested by  Reynolds 


No. 


Name 


Year 

Z 

X 

z+x 

1775 

2.000 

1.000 

3.000 

1851 

1.710 

1.000 

2.710 

1873 

1.802 

1.250 

3.052 

1878 

2.000 

1.000 

3.000 

1883 

1.850 

1.150 

3.000 

1883 

2.000 

1.000 

3.000 

1886 

1.85 

1.127 

2.977 

1892 

1.750 

1.250 

3.000 

1899 

1.818 

1.127 

2.945 

1899 

1.961 

1.294 

3.255 

1899 

1.961 

1.294 

3.255 

1902 

1.770 

1.180 

2.950 

1903 

1.740 

1.250 

2.990 

1903 

1.852 

1.167 

3.019 

1904 

1.870 

1.250 

3.120 

1907 

1.870 

1.390 

3.260 

1907 

2.000 

1.250 

3.250 

1907 

1.880 

1.250 

3.130 

1913 

1.800 

1.250 

3.050 

1914 

1.800 

1.200 

3.000 

1914 

1.900 

1.100 

3.000 

1916 

1.795 

1.092 

2.887 

1916 

1.898 

1.372 

3.270 

1916 

1.923 

,846 

2.769 

1917 

1.770 

1.274 

3.044 

1927 

1.887 

1.151 

3.038 

1925 

1.856 

1.342 

3.198 

1927 

1.950 

1.260 

3.200 

1927 

1.900 

1.100 

3.000 

Kind  of  pipe 


Chezy 

Saint- Venant--- 

Lampe 

Fanning 

Reynolds 

do 

Unwin 

Flamant 

Tutton 

do. 

do 

Fidler 

Saph-Schoder... 
Williams-IIazen. 

Williams 

Unwin 

Lea 

do 

Moritz 

Biegeleisen 

doi 

Barnes 

.do. 

.do. 
Giesecke. 
Corp  and  Ruble. 
Wegmann-Aeryns- 
Flinn- Weston-Bogert . 
Scobey 


General. 
Cast  iron. 

Do. 

Do. 
Old  cast  iron. 
New  cast  iron. 
Asphalted  cast  iron. 
All  kinds. 

New,  asphalt  coated. 
Old,  asphalt  coated. 
Lap  riveted. 
Bare  riveted. 
Various  kinds. 
All  kinds. 

Do. 
Riveted  wrought  iron. 
Clean  riveted. 
Galvanized. 
Riveted. 
Steel. 
Cast  iron. 

Screw-joint,  riveted. 
Single  riveted. 
Double  rivetea. 
Small  black  standard. 
Wrought  iron. 
Cast  iron. 
Lap  riveted. 
Riveted  steel  and  analogous. 


>  Note  that  1,761  observations  gave  Biegeleisen,  in  1914,  the  same  exponents  for  his  formula  for  cast-iron 
pipe  that  the  writer  found  for  riveted-steel  and  analogous  pipes,  discussed  in  this  bulletin. 


In  the  writer's  determination  of  1.9  for  z,  the  data  were  platted 
on  logarithmic  paper,  H  being  used  for  ordinates  and  Ffor  abscissas. 
(Fig.  3.)  Observations  manifestly  inconsistent,  when  compared  with 
others  in  the  same  series,  were  given  a  D  rating  (column  3,  Tables  1, 
2,  and  3)  and  were  not  included  in  the  analytical  derivation  of  the 
equation  of  that  series,  nor  were  they  considered  in  the  comparison 


Notei  Slants  show 
indicated  exponents 
of  Vin  formulas  of 
type  H'Kf^ 
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of  observed  to  calculated  capacity  or  in  computing  average  values  of 
Cy,,  Z,,  or  m.  For  each  senes  covering  any  material  range  of  veloci- 
ties the  individual  pipe  equation  was  derived  by  the  centroid  method 
{152,  p.  60)  and  listed  in  column  11,  Table  4,  which  shows  the  average 
value  of  z  for  various  types  of  pipe  that  may  be  listed  and  weighted 
as  follows: 

Average  value  of  z 

Full-riveted  pipe,  33  series 1.  902 

Girth-riveted  pipe,  6  series 1.  950 

Continuous-interior  pipe,  9  series , 1.  912 

Dredge  pipe,  2  series 1.  865 

Spiral-riveted  pipe,  21  series 1.  881 

Weighted  average  value  for  all  pipes 1.  900 

Not  only  is  the  general  average  value  of  z  equal  to  1.900  but  also 
the  value  of  z  is  1.902  for  the  dominating  type. 

Table  6. — Values  of  m°'^  {column  7)  for  use  in  formula  20,  page  79,  when  the 
influence  of  temperature  upon  water  viscosity  is  considered 


Kinematic  viscosity  v 

Viscosity 

Density 

Varia- 
tion in 
velocity. 
Fat  15° 
C=  100  per 
cent 

Temperatures 

C.  O.  S. 

C.  G.  S. 

M 

Column  5 

English 

units 

units 

C.Q.S. 

-5-929.03  English 
units 

units 

units 

/ 

t 

S 

4 

5 

6 

7 

8 

Or.  per 

Sq.  em. 

•c. 

op 

Poises 

cu.cm. 

per  sec. 

Sq.  ft.  per  sec. 

Percent 

0 

32.0 

0. 017921 

0.99987 

0. 01792 

0. 00001929 

0.3377 

—2.4 

4 

39.2 

.015674 

1.00000 

.01567 

.00001687 

.3332 

-1.5 

10 

50.0 

.013077 

.99973 

.01308 

.00001408 

.3272 

-.7 

11 

51.8 

.012713 

.99963 

.01272 

.00001369 

.3263 

-.6 

12 

63.6 

.012363 

.99952 

.01237 

.00001332 

.3254 

-.6 

13 

55.4 

.012028 

.99940 

.01204 

.00001296 

.3245 

-.3 

14 

57.2 

.011709 

.99927 

.01172 

.00001262 

.3237 

-.2 

15 

59.0 

.  011404 

.99913 

.01141 

.  00001228 

.3228 

.0 

16 

60.8 

.011111 

.99897 

.01112 

.00001197 

.3220 

+.2 

17 

62.6 

.010828 

.99880 

.01084 

.00001167 

.3212 

+.3 

18 

64.4 

.  010559 

.99862 

.  01057 

.00001138 

.3203 

+.4 

19 

66.2 

.010299 

.99843 

.  01032 

.00001111 

.3196 

+.7 

20 

68.0 

.010050 

.99823 

.01007 

.00001084 

.3188 

+.8 

21 

69.8 

.009810 

.99802 

.00983 

.  00001058 

.3180 

+.9 

22 

71.6 

.009579 

.99780 

.00960 

.  00001033 

.3173 

+.9 

23 

73.4 

.009358 

.99757 

.00938 

.00001010 

.3165 

+1.0 

24 

75.2 

.009142 

.99733 

.00917 

.00000987 

.3158 

+1.2 

25 

77.0 

.008937 

.99708 

.00896 

.00000964 

.3151 

+1.3 

26 

78.8 

.008737 

.99682 

.00876 

.00000943 

.3144 

+1.5 

27 

80.6 

.008545 

.99655 

.00857 

.00000922 

.3137 

+1.6 

28 

82.4 

.008360 

.99627 

.00839 

.00000903 

.3130 

+1.7 

29 

84.2 

.008180 

. 99598 

.00821 

.00000884 

.3124 

+1.8 

30 

86.0 

.008007 

.99568 

.00804 

.00000865 

.3117 

+1.9 

35 

95.0 

.007225 

.99406 

.00727 

.00000783 

.3086 

+2.4 

40 

104.0 

.006560 

.99225 

.00661 

.00000711 

.3057 

+2.9 

45 

113.0 

.005988 

.99025 

.00605 

.00000651 

.3030 

+3.4 

50 

122.0 

.005494 

.98807 

.00556 

.00000598 

.3004 

+3.9 

While  the  list  above  fully  warrants  the  adoption  of  a  value  of  1.9 
for  2,  at  least  as  against  any  other  round-figure  value,  still  it  must 
not  be  overlooked  that  the  individual  values  of  z  vary  all  the  way 
from  1.73  to  2.14.  The  reason  for  low  or  high  values  of  z  has  been 
discussed  for  25  years.  When  Saph  and  Schoder  (146,  147)  found 
\75  as  a  consistent  value  of  this  exponent  for  smooth  brass  pipes  of 
small  diameter  it  appeared  conclusive  that  this  value  was  related  to 
62210*'— 30 6 
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smoothness,  and  this  was  the  concensus  of  opinion  for  many  years. 
In  looking  over  the  available  data  on  smooth  steel,  wood-stave,  and 
concrete  pipes  {162,  163)  the  writer  has  found  many  pipes  with  fric- 
tional  coefficients  indicating  very  high  capacities  but  with  exponents 
of  Fin  excess  of  1.90.  Conversely,  D.  L.  Yarnell  and  his  associates 
found  an  average  value  of  z  of  only  1.986  for  corrugated  pipe  culverts, 
the  corrugations  resulting  in  a  very  low  capacity  relative  to  that  of 
other  pipe  materials  {183).  If  z  were  wholly  a  function  of  smooth- 
ness then  it  should  increase  as  the  capacity  in  a  given  reach  of  pipe 

deteriorates  with  age.  Likewise  old  pipes, 
shown  in  Figure  7  to  have  decreased  in  ca- 
pacity with  age,  would  show  relatively  high 
values  of  the  exponent  z.  To  demonstrate 
that  there  is  nothing  conclusive  in  this  argu- 
ment Figure  4  is  offered,  showing  the  values 
of  z  plotted  against  the  age  of  pipe  in  years, 
with  related  gagings  connected  by  light  lines. 
The  points  disclose  no  definite  trend. 

So  long  as  a  wide  variation  appears  in  thfe 
exponent  of  V  and  this  variation 
can  not  be  rectified  with  present 
knowledge,  a  round  figure  for  the 
exponent  of  V  is  all  that  is  war- 
ranted. Hence,  a  value  1.9  for  z  is 
adopted  as  the  average  figure  found 
above  for  several  types  of  metal 
pipes.  In  formula  19,  page  79,  1.9 
is  substituted  for  z,  which  gives 
tentative  values  for  y  and  x,  re- 
spectively, of  0.1  and  1.1.  The 
value  of  2/ =  0-1  could  be  much 
changed,  or  ignored  altogether  with- 
out  materially  affecting  the  formula, 
hence  it  will  be  accepted  as  part  of 
the  mathematical  proof  given  on 
page  78.  The  value  of  x,  on  the 
other  hand  is  of  more  moment. 
To  test  the  tentative  value  of  1.1, 
Figure  5  was  developed  by  plotting 
as  ordinates  values  of  M  as  taken 
from  the  individual  formulas  in 
Table  4,  column  11,  and  values  of 
M^  for  such  observations  as  were  too 
few  to  yield  an  individual  formula 
(also  from  Table  4,  column  11); 
and  by  plotting  as  abscissas  the 
values  of  d.  Lines  at  a  slope  of  —1.1  through  groups  of  points  known 
to  be  good  criteria  indicate  that  this  slope  is  as  good  as  any  other 
could  be,  hence  the  whole  proof  of  Blasius  and  Biegeleisen  is  supported 
by  empirical  data.  There  remains  only  the  selection  of  values  of  m 
in  formula  No.  20  for  the  various  classes  of  metal  pipes  and  from  these 
values  the  selection  of  corresponding  values  of  Kg  in  the  working 
formula  No.  21. 

It  was  considered  best  to  work  toward  round  figures  for  values  of 
K,%  rather  than  accept  necessarily  round  figures  for  m  and  from  these 


Age  of  pipe  In  years 


Figure  4. — If  the  exponent  z  is  related  to  rough- 
ness of  pipe,  then  it  should  be  greater  for  older 
pipes.  The  diagram  above  does  not  show  any- 
definite  tendency  for  an  increase  in  z  with  age 
of  pipe.  Data  for  this  diagram  from  Table  4, 
columns  4  and  11 
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get  extended  figures  for  K/  in  converting  from  one  to  the  other. 
For  the  various  subdivisions  of  class  1,  page  12,  the  values  of  m  from 
Table  4,  column  14,  were  plotted  as  ordinates  and  shell  thickness  as 
abscissas.  It  was  quite  obvious  that  there  was  an  increase  in  the 
values  of  m  with  the  increase  in  shell  or  metal  thickness.  The  in- 
fluence of  shell  thickness  was  tabulated  by  LeConte  {116,  p.  549); 
{132,  p.  Jf.56).  It  was  evident  also  that  pipes  of  thin-gauge  metal, 
with  well-buried  flathead  rivets,  offered  less  resistance  to  flow  than 
thick-plate  pipes  having  appreciable  offsets  between  individual  pipe 
rings  and  single,  double,  or  triple  rows  of  bold  rivet  heads,  themselves 
corresponding  in  size  with  plate  thickness. 

The  selection  of  values  of  K/ ,  as  given  on  page  12,  was  the  result 
of  careful  weighing  of  the  various  points  in  Figure  6,  finally  supported 
by  a  comparison  of  observed  to  computed  capacities  for  various  basic 
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Sheet  and  plate  thickness  in  decimal  <5f  inch 

Figure  6.— For  full-riveted  pipes  there  is  a  tendency  of  retardation  coeflBcients  to  increase  with 
thickness  of  plate,  largely  because  number  and  size  of  rivet  heads  also  increase  with  plate  thick- 
ness. Practically  new  pipes  indicated  by  dots,  older  pipes  by  open  circles.  Points  connected 
by  dashed  lines  indicate  range  of  plate  thickness,  within  reach  tested,  as  listed  in  Table  4, 
column  5.  Plotted  in  terms  of  m,  which  includes  viscosity  influence.  Interpreted  in  terms  of 
K,'  for  use  in  working  formula  No.  9.  Heavy  horizontal  lines,  ending  in  arrow  points,  show 
range  of  plate  thickness  for  each  subdivision  of  class  1.  The  vertical  position  of  these  Lines  is 
determined  by  a  round  value  of  K/  corresponding  to  the  plotted  value  of  m  at  15°  C. 

assumptions  of  round-number  values  of  Z"/  shown  by  lines  superini- 
posed  over  the  values  of  m.  The  values  of  Kg  used  in  the  compari- 
son, of  course,  were  modified  to  include  the  age-deterioration  tendencies 
shown  in  Figure  7.  It  is  to  be  regretted  that  the  points  make  so 
scattered  a  pattern  on  the  drawing;  the  explanation  is  that  there  are 
great  intrinsic  differences,  due  to  the  state  of  the  interior  coating, 
the  extent  of  silting,  the  amount  of  curvature,  number  of  valves, 
and  other  "specials,"  in  pipes  constructed  under  closely  identical 
specifications.  Had  all  observations  been  made  on  pipes  of  presum- 
ably equal  interior  surfaces,  values  could  have  been  determined  by 
the  method  of  least  squares.  Such  values  would  have  been  unassail- 
able from  a  mathematical  standpoint,  but  the  writer  is  certain  the 
values  must  be  based  on  judgment  formed  from  experience  with  pipe 
lines  known  to  be  typical,  where  conditions  of  experimentation  were 
of  the  best.  Individual  values  so  chosen  must  then  stand  the  test 
of  comparison  in  adjoining  classes  of  pipe.  The  argument  for  the 
various  classes  follows. 
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FULL-RIVETED   PIPE 

CLASS  la.    iir/=0.38  FOR  NEW  PIPE 
[See  p.  12  for  class  description] 

It  was  desirable  to  have  values  conservative;  that  is,  below  ob- 
served values  where  conditions  were  definitely  known  to  be  typical. 
For  pipes  of  class  la,  of  sheet  metal  seamed  with  flathead  rivets,  it 
was  known  that  pipes  20,  31,  and  33  fulfilled  these  conditions.  It 
was  also  evident  that  the  pipes  tested  by  Hamilton  Smith  should  be 
regarded  in  the  same  light,  their  capacities  being  slightly  above  those 
to  be  anticipated  in  design.  This  was  true  because  the  velocities  he 
found  were  quite  high  and  his  descriptions  indicate  polished  interiors. 
With  these  facts  in  mind  a  comparison  of  observed  to  computed 
capacities  was  made  with  three  basic  assumptions  for  values  of  K/  for 
new  pipes  and  a  temperature  of  15°  C.  The  values  tested  were  0.36, 
0.38,  and  0.40,  0.38  being  finally  adopted  as  conservative.  The  last 
column  of  Table  4  shows  the  comparison  between  observed  capacities 
and  those  computed  with  a  value  of  0.38  for  a  new  pipe,  and  the  value 
of  Ks  increased  according  to  formula  (22)  for  time  deterioration.  The 
irrigation  pipes  carrying  water  from  open  canals  at  low  velocities  nearly 
all  show  capacities  below  that  called  for  by  formula,  because  of  bedding 
down  of  sand  and  silt  deposit. 

The  writer's  value  of  0.38  for  K/  roughly  corresponds  with  the 
WilUams  and  Hazen  (7tc=  120  for  30-inch  pipe  or  130  for  6-inch  pipe. 
These  values  of  Cu,  are  from  10  to  20  points  higher  than  they  recom- 
mend for  steel  pipe.  .  However,  their  discussion  and  data  lead  to  the 
deduction  that  they  had  in  mind  plate  thickness  and  rivets  that  would 
compare  with  class  lb,  discussed  below.  In  fact  they  speak  of  but 
one  class  of  steel  pipe.  This  type  of  pipe  is  made  in  the  smaller  sizes, 
for  which  Kutter's  formula  is  particularly  unsuitable.  For  a  30-inch 
pipe  the  value  of  n  is  about  0.012,  while  for  a  6-inch  pipe  it  is  about 
0.010. 

CLASS  lb.    K,'  =  O.U  FOR  NEW  PIPE 
[See  page  12  for  class  description] 

A  study  of  Figure  6  shows  that  Kg  =  0.44  is  the  round  figure  most 
acceptable  for  this  group  classification.  In  Table  4,  column  15,  it  is 
shown  that  in  most  cases  the  observed  capacity  agrees  very  closely 
with  the  computed  capacity.  Where  there  is  divergence  it  is  gener- 
ally very  wide.  In  some  cases  the  pipe  descriptions  disclose  the 
reason.  Generally  speaking  the  agreement  is  closer  than  was  the 
case  for  class  la.  This  is  reasonable  because  pipes  of  this  class  have 
been  used  for  municipal  supply  to  a  greater  extent  than  for  irrigation 
use  where  there  is  greater  opportunity  for  closure  of  the  pipe  by 
silting. 

The  value  of  .ff','  =  0.44  corresponds  with  reasonable  closeness  to 
the  Williams-Hazen  (7u,=  110  for  30-inch  pipe  which  diminishes  to 
100  for  120-inch  pipe.  This  group  included  most  of  the  experimental 
results  on  which  Williams  and  Hazen  recommended  their  6',^=  110 
for  new  steel  pipes.  The  corresponding  values  of  Kutter's  n  for  the 
30-inch  pipe  is  about  0.013,  and  for  the  120-inch  pipe  about  0.015. 
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CLASS  Ic.    lir/=0.48  FOR  NEW  PIPE 
[See  p.  12  for  class  description] 

Figure  6  shows  that  the  data  for  heavy  plate  pipe  are  quite  meager. 
The  few  tests  available  indicate  that  a  value  of  0.48  is  reasonably 
close.     This  is  confirmed  by  extension  of  previous  group  coefficients. 

The  writer's  value  of  £^/  =  0.48  corresponds  roughly  with  the 
Wilhams-Hazen  (7j^=  100,  a  value  that  has  been  used  quite  extensively 
in  the  design  of  heavy  penstocks.  The  corresponding  values  of  Kut- 
ter's  n  are  from  0.014  to  0.016.  The  data  indicate  that  these  are 
approximately  correct  for  such  penstocks  when  new  but  less  favorable 
values  should  be  used  for  the  same  lines  when  10  to  20  or  more  years 
old. 

CLASS  Id.    K,'=0.b2  FOR  NEW  PIPE 
[See  p.  12  for  class  description] 

While  there  are  few  tests  available  for  lines  of  this  class,  this  class 
nevertheless  includes  such  pipes  as  the  Jawbone  siphon  of  Los  Angeles 
Aqueduct  and  will  also  include  some  of  the  large  pipe  lines  now 
planned,  for  which  a  projection  of  the  available  data  appears  warranted 
until  such  time  as  more  actual  capacity  tests  on  extra  large  sizes  have 
been  made.  It  is  suggested  that  a  value  of  ^/  =  0.52  be  accepted 
tentatively.  This  value  agrees  reasonably  well  with  the  Williams- 
Hazen  (7i^  =  95  for  a  10-foot  pipe  and  (7,^  =  90  for  a  pipe  24  feet  in 
diameter.     The  equivalent  value  of  Kutter's  n  is  between  0.017  and 

o.ois: 

SPIRaL-RIVETED  pipe,  for  flow  with  the  LAPS  K,'=QM  FOR  NEW  PIPE  AND 
FOR  FLOW  AGAINST  THE  LAPS  iir.'=0.48 

Very  extensive  series  of  tests  on  short  reaches  of  small  spiral-riveted 
pipe  as  set  up  for  experimentation  in  laboratories  are  available,  but 
no  tests  have  been  made  on  lines  in  commercial  operation  so  far  as  is 
known.  Appreciating  the  fact  that  the  latter  very  seldom  bear  out 
results  obtained  in  the  laboratory,  the  tentative  values  of  Es  suggested 
indicate  slightly  poorer  capacities  than  those  shown  by  the  points  in 
Figure  3.  These  tentative  values  are:  For  flow  with  the  laps  K/  = 
0.44  and  for  flow  against  the  laps  ^/  =  0.48.  These  values  roughly 
correspond  to  the  Williams-Hazen  (7u,=  110  and  (7^,  =  100,  respectively. 
The  values  of  Kg  resulting  from  tests  on  the  smaller  pipes  indicate  that 
tentative  design  values  of  K/  =  0.38  for  flow  in  new  pipe  with  the  laps 
and  Z/  =  0.44  for  flow  against  the  laps  are  amply  conservative;  but 
it  is  to  be  noted  in  Table  4  that  when  the  experiments  of  Greve  and 
Martin  are  considered,  the  test  values  increase  with  the  size  of  pipe, 
finally  reaching  0.46  for  flow  with  the  laps  in  an  8.12-inch  pipe  and  0.48 
in  the  same  pipe  with  the  flow  against  the  laps. 

It  is  suggested  that  the  rifling  effect  produced  by  the  spiraled  laps 
and  rivet  heads  may  set  up  a  condition  of  flow  quite  far  removed  from 
the  regimen  established  in  ordinary  full-riveted  pipe  lines,  and 
for  this  reason  a  high  factor  of  safety,  expressed  in  excess  designed 
capacity,  should  be  used  in  computing  the  flow  in  large  spiraled  lines 
in  field  service,  although  future  tests  on  such  lines  may  show  that  this 
warning  is  not  justified. 
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GIRTH-RIVETED  PIPE 

CLASS  2.    K,'~0.34  FOR  NEW  PIPE 
[See  p.  12  for  class  description] 

A  study  of  Table  1  shows  that  tests  on  the  small  pipes  from  4  to  10 
inches  in  diameter  disclose  a  coefficient  slightly  more  favorable  than 
0.34,  while  tests  on  the  pipes  from  36  inches  to  58  inches  show  an 
unexplainable  situation.  Practically  all  of  the  pipes  were  of  the  lock- 
bar  type.  The  writer  will  not  comment  on  values  of  Kg  applied  to 
old  pipe  in  accordance  with  the  deterioration  curves  show^n  in  Figure 
7,  but  the  results  of  tests  on  new  pipe  vary  too  much  for  pipes  made 
by  the  same  methods.  The  Rochester  tests  (Nos.  220  and  222)  on  two 
long  reaches  of  pipe  show  a  capacitv  but  little  better  than  that  of  an 
ordinary  riveted  pipe  of  class  lb  and  the  Wilkes-Barre  tests  (No.  216) 
show  still  higher  coefficients,  the  reason  for  which  is  understood,  while 
the  Portland  tests  (No.  226)  on  new  pipe  and  the  Montreal  (No.  218), 
Springfield  (No.  224),  and  Portland  (Nos.  225  and  225a)  tests  on  older 
pipe  show  capacities  corresponding  to  a  value  of  Kg  from  0.26  to  0.30. 
Because  of  the  wide  divergence  shown  for  pipes  that  should  be  alike 
to  a  reasonable  degree  the  value  of  \^s  =  0.34  for  class  2  should  be 
taken  as  tentative,  especially  as  regards  lock-bar  pipe,  indicating  a 
pipe  with  a  capacity  nearly  15  per  cent  above  that  of  ordinary  riveted- 
steel  pipe  of  class  lb.  This  percentage  agrees  quite  closely  with 
recorded  ideas  of  qualified  engineers.  The  value  of  ^,  =  0.34  corre- 
sponds roughly  with  the  Williams-Hazen  C,^  =  125. 

Only  two  short  series  of  tests  on  uniform  bump-joint  wielded  pipe 
can  be  presented — Nos.  228  and  230.  These  show  -^s  =  0.36  to  agree 
quite  closely,  and  future  data  may  show  that  the  deep  recess  at  the 
bump  will  necessitate  this  value  rather  than  the  more  favorable 
value,  0.34;  still  the  general  description  of  the  welded  pipe  with 
bump-ioints  is  such  that  it  will  be  left  in  class  2  until  proven  incorrect 
by  additional  data.  Tests  on  pipes  156  and  156a,  both  compound 
lines,  confirm  the  choice  of  0.34  so  far  as  required  assumptions  warrant. 

CONTINUOUS-INTERIOR  PIPE 

CLASS  3.    K/=0.Z2  FOR  NEW  PIPE 
[See  p.  12  for  class  description] 

The  specifications  for  this  class  of  pipe  require  a  surface  that  ap- 
proaches the  best  obtainable  with  coatings  now  in  use.  The  tests  on 
the  straight  experimental  pipes  at  VersaUles,  Pa.,  Nos.  302,  304,  and 
310,  show  values  of  Z„  which  are  probably  too  favorable  to  be  ac- 
cepted for  field  installations  with  more  or  less  curvature,  although  the 
values  for  Nos.  302  and  304  are  supported  by  the  Bend,  Oreg.,  test 
(No.  3 1 1 )  on  5  miles  of  14-inch  full-welded  pipe.  The  tests  on  the  long 
Coolgardie  line  (No.  314)  (which  was  one  of  the  first  lock-bar  pipes, 
but  is  placed  in  class  3  rather  than  in  class  2  because  the  field  joints 
every  30  feet  were  butt  joints,  leaded  under  sleeves)  and  the  test  of 
Mills's  No.  316  show  surfaces  only  slightly  inferior  to  that  giving  the 
value  K,  =  0.34.  However,  Mills's  No.  318,  paralleling  and  duplicating 
No.  316,  shows  a  capacity  but  6  per  cent  greater  than  that  of  an  ordi- 
nary riveted  pipe  of  class  lb;  yet  Mills's  description  of  both  of  these 
pipes,  with  countersunk  rivet  heads,  indicates  that,  when  the  lines 
were  first  put  in  service,  he  had  high  regard  for  the  interior  surface. 
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The  recommended  coefficient  for  this  class  of  pipes,  K/  =  0.S2,  is 
offered  tentatively,  there  being  a  strong  probability  that  much  addi- 
tional data  may  indicate  a  value  ^s  =  0.30  to  be  warranted  for  a  new 
pipe.  The  value  K/  =  0.S2  roughly  corresponds  to  the  Williams- 
Hazen  6^^^  =  130  for  pipes  above  30  inches  in  diameter,  while  for  small 
pipes  the  corresponding  value  of  Cu>  approaches  140. 

DREDGE  PIPES 

iir/=0.38  FOR  NEW  PIPE  FOR  CLEAR  WATER  AND  K/=OM  FOR  NEW  PIPE  AND 
DREDGED  MATERIALS 

A  study  of  the  last  column  in  Table  4  for  dredge  pipes  (Nos.  402 
to  422)  shows  that  most  of  the  observed  capacities  agree  with  the 
computed  capacity  within  10  per  cent,  on  the  assumptions  that 
Ks' =  0.38  for  clear  water  and  0.44  for  loaded  water;  however,  the 
difference  may  be  partially  due  to  pipe  characteristics  and  differences 
in  joints  rather  than  to  class  of  materials  carried. 

CORRUGATED  PIPES 

ii:'.  =  1.40  FOR  NEW  PIPE 

For  this  type  of  pipe  few  data  are  available.  Using  the  results  of 
tests  on  Nos.  600  and  602  and  comparing  with  the  formula  of  YarneU 
and  associates  (183)  the  writer  suggests  a  tentative  value  of  J?/  =  1.40 
or  a  value  of  Williams-Hazen  Cw  =  60. 

EFFECT  OF  AGE  UPON  CARRYING  CAPACITY 

Steel  pipe  lines  are  subject  to  several  forms  of  chemical  reaction 
tending  to  decrease  capacity;  wood-stave  and  concrete  pipes  are 
seldom  seriously  affected.  Since  steel  was  first  used,  constant  efforts 
have  been  made  to  develop  coatings  to  combat  this  tendency  effec- 
tively. There  are  now  available  many  dips  and  paints,  usually 
with  a  base  of  asphalt,  tar,  or  other  hydrocarbons,  which  are  so  used 
that  new  pipes  usually  show  a  very  smooth  and  glossy  surface 
(128y.  For  some  of  the  newer  coatings,  made  under  various  trade 
names,  broad  claims  are  made  for  long  life  and  efficiency.  Time  alone 
will  indicate  just  how  effective  these  coatings  are  in  the  prevention 
of  corrosion,  tuberculation,  and  consequent  loss  of  capacity.  Until 
such  proof  is  forthcoming  it  is  more  conservative  to  assume  that  aU 
moderate-velocity  steel  lines  will  deteriorate  in  capacity. 

Figure  7  shows  the  extent  of  this  decrease  on  the  basis  of  data  now 
available.  The  diagram  is  on  semilogarithmic  paper,  which  results  in 
straight  lines  for  data  that  follow  the  laws  of  organic  growth,  com- 
pound interest,  and  the  like.  The  ordinates  show  the  increase  in  the 
retardation  factor  according  to  a  logarithmic  scale,  while  the  abscis- 
sas show  the  age  of  the  line  in  years  according  to  an  arithmetic  scale. 

For  several  lines,  practically  all  of  which  are  in  the  eastern  part  of 
the  United  States,  there  are  available  long  records  of  periodic  gag- 
ings.  Some  engineers  believe  that  the  more  acid  waters  of  the  eastern 
States  are  conducive  to  decrease  of  capacity  in  greater  degree  than 
the  generally  harder  western  waters.  If  this  be  true,  western  pipes 
are  not  sufficiently  represented  in  the  diagram;  hence,  only  one  for- 
mula is  derived,  this  being  based  on  the  tendency  shown  by  the  slant- 

T  This  publication  contains  an  extensive  bibliography  on  corrosion. 
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ing  lines  drawn  from  values  of  the  coefficient  K*'  for  new  pipes  of 

!   various  classes.* 

I  Z,  =  Z/«o-o^'^'  (See  Table  7,  Part  A)  (22) 

I 
In  Figure  10  the  graphic  presentation  of  formula  22  in  the  left 
diagram  is  supplemented  by  the  right  diagram,  which  may  be  used 
where  the  waters  are  known  to  be  nonaggressive.  Here  the  change 
in  the  value  of  Kg  is  taken  at  1  per  cent  per  year  instead  oi  \]/2  per 
cent,  as  in  the  left  local  diagram.  For  such  waters  formula  22  has 
been  modified  to  read 

K,=  Z/e^-o^^  (See  Table  7,  Part  B)  (22a) 

Table  7. — Values  of  coefficient  K,  for  any  age  'pipe  from  1  to  50  years 


A 

B 

o  ^ 

Conservative  values,  based  on  experience  with 

Suggested  values  for  water  known  to  be  relatively 

eastern  waters. 

iCi«iir/e0.oi4i 

inactive.    iC,=ii:.'c«-M« 

K,'~ 

K/= 

i^.'= 

K,'= 

K,'  = 

Ki'  = 

K,'^ 

K/= 

K,'  = 

K,'  = 

K,'= 

K/= 

0.32 

0.34 

0.38 

0.44 

0.48 

0.52 

0.32 

0.34 

0.38 

0.44 

0.48 

0.62 

0.325 

0.345 

0.386 

0.447 

0.487 

0.628 

0.323 

0.343 

0.384 

0.444 

0.486 

0.525 

.330 

.351 

.392 

.464 

.496 

.636 

.326 

.347 

.388 

.449 

.490 

.630 

.335 

.356 

.397 

.460 

.502 

.544 

.330 

.351 

.392 

.454 

.495 

.536 

.340 

.361 

.404 

.467 

.510 

.552 

.333 

.354 

.396 

.458 

.600 

.541 

.345 

.366 

.410 

.474 

.517 

.661 

.336 

.357 

.400 

.462 

.505 

.547 

.350 

.372 

.416 

.481 

.525 

.669 

.340 

.361 

.404 

.467 

.510 

.552 

.356 

.378 

.422 

.489 

.533 

.578 

.343 

.365 

.408 

.472 

.616 

.558 

.361 

.384 

.428 

.496 

.541 

.587 

.347 

.368 

.412 

.477 

.520 

.563 

.386 

.389 

.435 

.504 

.550 

.695 

.350 

.372 

.416 

.481 

.525 

.569 

.372 

.395 

.442 

.511 

.558 

.604 

.354 

.376 

.420 

.486 

.530 

.575 

.377 

.401 

.448 

.519 

.666 

.613 

.357 

.380 

.424 

.491 

.536 

.581 

.383 

.407 

.455 

.527 

.575 

.622 

.361 

.384 

.429 

.496 

.541 

.587 

.389 

.413 

.462 

.535 

.583 

.632 

.364 

.387 

.433 

.601 

.647 

.592 

.395 

.419 

.469 

.643 

.692 

.641 

.368 

.391 

.437 

.506 

.552 

.598 

.401 

.426 

.476 

.551 

.601 

.651 

.372 

.395 

.442 

.511 

.558 

.604 

.407 

.432 

.483 

.559 

.610 

.661 

.375 

.399 

.446 

.516 

.563 

.610 

.413 

.439 

.490 

.668 

.619 

.671 

.379 

.403 

.450 

.521 

.569 

.616 

18 

.419 

.445 

.498 

.576 

.629 

.681 

.383 

.407 

.455 

.527 

.575 

.622 

19 

.426 

.452 

.505 

.585 

.639 

.692 

.387 

.411 

.459 

.532 

.580 

.629 

20 

.432 

.459 

.513 

.594 

.648 

.702 

.391 

.415 

.464 

.537 

.586 

.635 

21 

.438 

.466 

.521 

.603 

.658 

.712 

.395 

.419 

.469 

.543 

.592 

.641 

22 

.445 

.473 

.528 

.612 

.668 

.723 

.399 

.424 

.473 

.548 

.698 

.648 

23 

.452 

.480 

.537 

.621 

.678 

.734 

.403 

.428 

.478 

.554 

.604 

.654 

24 

.459 

.487 

.545 

.631 

.688 

.746 

.407 

.432 

.483 

.559 

.610 

.661 

25 

.466 

.495 

.553 

.640 

.698 

.757 

.411 

.437 

.488 

.565 

.616 

.668 

26 

.473 

.502 

.561 

.650 

.709 

.768 

.415 

.441 

.493 

.571 

.623 

.674 

27 

.480 

.510 

.569 

.660 

.720 

.779 

.419 

.445 

.498 

.576 

.629 

.681 

28 

.487 

.517 

.678 

.670 

.731 

.791 

.423 

.450 

.503 

.582 

.635 

.688 

29 

.494 

.525 

.587 

.680 

.742 

.803 

.428 

.454 

.508 

.588 

.641 

.696 

30 

.602 

.533 

.596 

.690 

.763 

.816 

.432 

.459 

.513 

.594 

.648 

.702 

31 

.509 

.Ml 

.605 

.700 

.764 

.828 

.436 

.463 

.518 

.600 

.654 

.709 

32 

.517 

.549 

.614 

.711 

.776 

.840 

.441 

.468 

.523 

.606 

.661 

.716 

33 

.525 

.558 

.624 

.722 

.787 

.863 

.446 

.473 

.529 

.612 

.668 

.723 

34 

.533 

.566 

.633 

.733 

.799 

.866 

.450 

.478 

.534 

.618 

.674 

.731 

36 

.541 

.575 

.642 

.744 

.811 

.879 

.454 

.482 

.539 

.624 

.681 

.738 

36 

.549 

.583 

.652 

.756 

.824 

.892 

.459 

.487 

.545 

.631 

.688 

.745 

37 

.657 

.592 

.662 

.766 

.836 

.906 

.463 

.492 

.550 

.637 

.695 

.763 

38 

.566 

.601 

.671 

.778 

.849 

.919 

.468 

.497 

.666 

.643 

.702 

.760 

39 

.574 

.610 

.682 

.790 

.862 

.933 

.473 

.502 

.661 

.650 

.709 

.768 

40 

.683 

.619 

.692 

.802 

.875 

.947 

.477 

.607 

.567 

.656 

.716 

.776 

41 

.592 

.629 

.703 

.814 

.888 

.961 

.482 

.512 

.573 

.663 

.723 

.784 

42 

.601 

.638 

.714 

.828 

.901 

.976 

.487 

.517 

.678 

.670 

.731 

.791 

43 

.610 

.648 

.724 

.839 

.916 

.991 

.492 

.523 

.684 

.676 

.738 

.799 

44 

.619 

.658 

.735 

.851 

.929 

1.006 

.497 

.628 

.590 

.683 

.745 

.807 

46 

.628 

.668 

.747 

.864 

.943 

1.021 

.602 

.633 

.596 

.690 

.753 

.816 

40 

.638 

.678 

.757 

.877 

.968 

1.037 

.607 

.639 

.602 

.697 

.760 

.824 

47 

.647 

.688 

.769 

.891 

.972 

1.062 

.612 

.544 

.608 

.704 

.768 

.832 

48 

.657 

.698 

.780 

.904 

.986 

1.068 

.617 

.549 

.614 

.711 

.776 

.840 

49 

.667 

.709 

.792 

.917 

1.001 

1.084 

.623 

.555 

.620 

.718 

.783 

.849 

60 

.677 

.720 

.805 

.931 

1.016 

1.101 

.628 

.661 

.626 

.726 

.792 

.867 

•  Allen  Hazen,  in  a  letter  to  the  writer,  says:  "As  a  general  proposition  I  think  the  notion  that  western 
,    waters  are  more  quiet  than  eastern  waters  has  no  foundation  in  fact. " 
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Ks  is  the  increased  value  of  Z/  for  a  pipe  t  years  of  age  and  e  is  the 
Naperian  base,  2.7183.  Expressed  differently,  formula  22  may  be 
said  to  indicate  that  the  increase  in  the  retardation  is  at  the  rate  of 
Iji  per  cent  a  year,  compounded.^  The  decrease  in  capacity  is  pro- 
portional to  the  change  in  j^  q^26'    (See  formulas  10  and  11,  p.  10.) 

Table  7  gives  values  of  Kg  for  ages  of  pipe  up  to  50  years.  Figure 
8  may  also  be  used  in  estimating  capacity  at  any  age  in  terms  of 
initial  capacity. 
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Figure  8. — Relative  capacity  for  any  age  of  pipe  from  1  to  50  years,  assuming  capacity  when  new  to  be 
100  per  cent.  The  A  curve  is  based  on  the  deterioration  tendency  shown  in  Figure  7,  and  expressed 
in  formulas  22  and  23.    The  B  curve  is  based  on  formulas  22a  and  23a.    (See  page  89  and  90.) 

Where  the  rate  of  increase  in  Kg  is  at  the  rate  of  IH  per  cent  a 
year,  compounded  (formula  22)  then  the  capacity,  Qt  at  the  end  of  t 
years  may  be  expressed  as 

Qt-Qoe-'-""'^''  (23) 

and  for  the  less  active  rate  of  increase  in  Ks  (formula  22a) 

Qt-Qoe-'-'"''''  (23a) 

For  both  these  formulas  Qt  is  the  capacity  for  any  age,  t  years,  in 
terms  of  the  capacity  Qo  when  the  line  was  new. 

CAPACITY    OF   STEEL   PIPES 

As  with  all  other  conduits,  certain  losses  of  head  are  involved  in  the 
conveyance  of  water  in  steel  pipes.  For  long  lines  the  losses  due  to 
retardation,  usually  termed  friction  losses,  overshadow  all  the  others. 
Attention  is  called  to  the  discussion  of  entry  head,  velocity  head, 
air  in  pipe,  etc.,  in  references  (152,  153).  The  discussion  here  is 
limited  to  the  so-called  friction  losses. 

The  comparison  in  Table  8,  based  on  the  coefficients  recommended 
for  the  various  classes  of  riveted-steel  and  analogous  pipe,  is  made  for 
pipes  assumed  to  be  coated  with  the  same  material.  The  ordinary 
lap-riveted  plate  pipe  of  moderate  thickness  classed  lb  is  used  as  the 
basis  of  comparison,  i.  e.,  as  100  per  cent,  or  rated  at  100.  The  same 
difference  is  found  at  any  assumed  age.  The  capacity  is  proportional 
,        1 

K  ^■^^^' 

•  From  studies  of  the  data  on  decrease  in  capacity  then  available  to  him,  Mills  {122,  p.  222)  came  to  the 
tentative  conclusion  that  the  relative  value  of  the  coefficient  of  retardation  should  be  increased  0.17V  t  for 
"tar  coated  riveted-steel  conduits  within  1  mile  of  feeding  reservoir,"  and  this  increase  should  be  reduced 
to  0.12V  t,  "for  portions  further  down  stream."  These  two  curves  are  shown  in  Figure  7  for  one  value  of 
K\  only,  namely  0.44  for  comparison  with  the  writer's  formula  for  time  deterioration.  It  is  to  be  noted 
that  Mills'  formulas  provide  for  a  rapid  deterioration  during  the  first  years  of  operation,  and  this  is  born© 
out  by  some  of  the  data,  notably  those  for  the  east  Jersey  line.    (No.  64.) 


& 


\ 


i^ 


T 
P   P 


X-X 


p 


p  p 

en    c> 


*'L/ne  pipe 


Jl L 


/4^e  /hyears 


TTTT 


I'    "    M    I 


Figure  10.— Estimate  diagram:  hydraulic  elements  f 
is  0.44,  but  for  a  pipe  25  years  old  coefficient  K,  becomes  0. 
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Table  8. — Comparison  of  capacities  of  new  riveted-steel  and  analogous  pipes 
assuming  the  capacity  of  lap-riveted  steel  of  moderate  plate  thickness  (classed  as 
lb)  as  100  per  cent 

[The  same  percentage  relations  hold  for  any  given  age] 


Class 

F/ 

1 

Difference 
from  base 

Capacity 
diflerence 

Remarks 

la. 

0.38 
.44 
.48 
.62 
.34 
.32 

1.663 
1.540 
1.471 
1.410 
1.764 
1.821 

+0.123 
0 

-.069 
-.130 
+.224 
+.281 

Per  cent 
+7.99 
0 

-4.48 

-8.44 

+14.  55 

+18.25 

Sheet  metal,  flat  rivets. 

lb 

Used  as  basis  of  comparison. 

ic 

Full  riveted,  heavy  plates. 

Id 

Full  riveted,  extra  heavy. 
Girth-riveted  pipe. 
Continuous-interior  pipe. 

2 

3. 

Figure  9  shows  the  relative  capacities  of  pipes  of  identical  types, 
classes,  ages,  and  coatings,  and  differing  only  in  size. 


4         5        6      7     e    9    10      12      14    16   18  20     24       30    35   40 
100  150  200  3oa 

Diameter  of  pipe  in  Inches 

Figure  9.— Relative  capacities  of  sheet  and  plate  metal  pipe,  identical  in  type,  and  age,  differing 
only  in  size.  The  dotted  example  shows  that  a  48-inch  pipe  will  carry  about  2.1  times  as  much 
as  a  36-inch  pipe  and  that  a  72-inch  pipe  will  carry  almost  6  times  as  much  as  a  36-inch  pipe 

Since  the  friction  loss  is  at  present  conceded  to  increase  with  pas- 
sage of  time,  as  a  rule,  it  is  not  feasible  to  publish  definite  tables  of 
capacity  for  each  size  of  pipe  as  was  done  in  the  bulletins  on  wood- 
stave  and  concrete  pipe  {162,  163).  Instead,  tables  are  given 
showing  values  of  F^^  D^\  A,  and  K^  for  any  age  of  pipe,  from 
which  a  rapid  solution  of  formula  9  may  be  made  with  the  initial 
values  of  K,  as  modified  by  formula  12.  The  diagram  on  Figure  10 
should  be  useful  for  preliminary  study.**  It  is  usually  easier  to  work 
from  the  velocity  in  a  particular  size  of  pipe,  converting  the  desired 
quantity  of  water  into  cubic  feet  per  second,  and  solving  the  equation 


For  each  size  of  pipe  studied,  solution  of  formula  9  will  give 


«  Copies  of  this  diagram  suitable  for  mounting  for  desk  use  may  be  obtained  by  addressing  the  Bureau 
of  Public  Roads,  P.  O.  Box  180,  Berkeley,  Calif. 
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the  loss  of  head  for  each  1,000  feet  of  pipe.     If  an  age  of  t  years  is 
assumed,  values  of  Kg  as  given  in  Table  7  may  be  used. 

FACTORS  OF  SAFETY 

Broadly  speaking,  it  is  very  difficult  to  forsee  the  probable  con- 
dition of  a  steel  pipe  interior  10,  20,  or  30  years  in  the  future.  The 
formulas  developed  appear  to  satisfy  usual  conditions  quite  closely, 
as  can  be  seen  from  a  casual  review  of  column  15  in  Table  4.  How- 
ever, occasional  wide  divergences  are  found  between  the  observed 
and  the  computed  capacity.  The  following  factors  of  safety,  ex- 
pressed as  percentage  increases  over  the  designed  capacity,  are 
recommended.  For  example,  if  50  second-feet  are  required  and  a 
factor  of  safety  of  10  per  cent  be  used,  all  computations  should  be 
made  on  the  basis  of  55  second-feet.     The  factors  are  as  follows: 

Five  per  cent  when  only  a  rough  approximation  to  the  actual  needs  of  the  pipe 
is  possible,  when  past  experience  with  steel  pipes  and  a  similar  water  indicates 
that  the  water  will  not  be  unusually  aggressive,  when  the  water  carries  some 
abrasive  and  high  velocities  will  probably  insure  a  clean  scoured  condition  at 
all  times  (note  the  pipes  tested  by  Hamilton  Smith),  when  the  line  is  practically 
straight,  when  conditions  of  operation  are  such  that  no  penalty  attaches  to  a 
slight  lack  of  capacity;  15  per  cent  for  conditions  intermediate  between  those 
above  and  those  below;  25  per  cent  when  the  water  is  known  to  be  very  aggressive, 
when  the  coating  is  known  to  be  inferior  and  the  line  is  close  to  its  reservoir, 
when  the  line  is  very  crooked,  when  a  colloidal  silt  is  conveyed  by  the  water  and 
velocities  below  8  feet  per  second  are  contemplated,  when  a  heavy  penalty 
attaches  to  appreciable  lack  of  capacity. 

Where  long  experience  with  a  particular  water  shows  positively  that  little 
decrease  in  capacity  is  to  be  expected,  a  rate  of  increase  in  the  values  of  Kg  may 
be  taken  as  in  part  B  of  Table  7, 

yi.9 
Table  9. — Values  of  V^-^  for  use  in  formula  H=Kyr^^ 

[For  example,  if  V=2M  feet  per  second  then  Fi-9=7.26] 


V 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

V 

Feet  per 

Feet  per 

second 

second 

0.6 

0.379 

0.391 

0.403 

0.416 

0.428 

0.441 

0.454 

0.467 

0.480 

0.494 

0.6 

.7 

.508 

.522 

.536 

.550 

.564 

.579 

.594 

.609 

.624 

.639 

.7 

.8 

.654 

.670 

.686 

.702 

.718 

.735 

.751 

.767 

.784 

.801 

.8 

.9 

.819 

.836 

.853 

.871 

.889 

.907 

.925 

.944 

.962 

.981 

.9 

1.0 

1.000 

1.019 

1.04 

1.06 

1.08 

1.10 

1.12 

1.14 

1.16 

1.18 

1.0 

1.1 

1.198 

1.22 

1.24 

1.26 

1.28 

1.30 

1.32 

1.35 

1.37 

1.39 

1.1 

1.2 

1.414 

1.44 

1.46 

1.48 

1.50 

1.53 

1.56 

1.57 

1.59 

1.62 

1.2 

1.3 

1.645 

1.67 

1.69 

1.72 

1.75 

1.77 

1.80 

1.82 

1.84 

1.87 

1.3 

1.4 

1.895 

1.92 

1.95 

1.97 

2.00 

2.03 

2.05 

2.08 

2.11 

2.13 

1.4 

1.5 

2.161 

2.18 

2.21 

2.24 

2.27 

2.30 

2.33 

2.36 

2.39 

2.41 

1.5 

1.6 

2.44 

2.47 

2.50 

2.53 

2.56 

2.59 

2.62 

2.65 

2.68 

2.71 

1.6 

1.7 

2.74 

2.77 

2.80 

2.83 

2.86 

2.90 

2.93 

2.96 

2.99 

3.02 

1.7 

1.8 

3.06 

3.09 

3.12 

3.15 

3.18 

3.22 

3.25 

3.29 

3.32 

3.36 

1.8 

1.9 

3.39 

3.42 

3.45 

3.49 

3.52 

3.56 

3.59 

3.63 

3.66 

3.70 

1.9 

2.0 

3.73 

3.76 

3.80 

3.83 

3.87 

3.91 

3.94 

3  97 

4  01 

4.05 

2.0 

2.1 

4.09 

4.13 

4.16 

4.20 

4.24 

4.28 

4.32 

4.36 

4.40 

4.44 

2.1 

2.2 

4.48 

4.52 

4.56 

4.59 

4.63 

4.67 

4.71 

4.75 

4.79 

4.83 

2.2 

2.3 

4.87 

4.91 

4.95 

4.99 

5.03 

6.07 

5.11 

5.15 

5.19 

5.23 

2.3 

2.4 

5.27 

5.31 

5.36 

5.40 

5.44 

6.49 

5.53 

6.57 

5.62 

6.66 

2.4 

2.5 

5.70 

5.74 

5.79 

5.83 

5.87 

6.92 

5.96 

6.01 

6.05 

6.10 

2.5 

2.6 

6.14 

6.19 

6.24 

6.28 

6.32 

6.37 

6.41 

6.46 

6.50 

6.56 

2.6 

2.7 

6.60 

6.65 

6.69 

6.74 

6.79 

6.84 

6.89 

6.93 

6.98 

7.03 

2.7 

2.8 

7.07 

7.12 

7.17 

7.22 

7.26 

7.31 

7.36 

7.41 

7.46 

7.51 

2.8 

2.9 

7.56 

7.61 

7.66 

7.71 

7.76 

7.81 

7.86 

7.91 

7.96 

8.01 

2.9 

3.0 

8.06 

8.11 

8.17 

8.22 

8.27 

8.32 

8.38 

8.43 

8.48 

8.53 

3.0 

3.1 

8.58 

8.63 

8.69 

8.74 

8.79 

8.85 

8.90 

8.95 

9.01 

9.06 

3.1 

3.2 

9.12 

9.17 

9.23 

9.28 

9.33 

9.39 

9.44 

9.49 

9.55 

9.61 

3.2 

3.3 

9.66 

9.72 

9.77 

9.83 

9.89 

9.95 

10.00 

10.05 

10.11 

10.17 

3.3 

3.4 

10.23 

10.28 

10.34 

10.40 

10.46 

10.52 

10.57 

10.63 

10.69 

10.75 

3.4 

3.6 

10.81 

10.86 

10.91 

10.97 

11.0 

11.1 

11.2 

11.2 

11.3 

11.4 

3.6 

3.6 

11.40 

11.5 

11.5 

11.6 

11.6 

11.7 

11.8 

11.8 

11.9 

12.0 

3.6 
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1. 

iBLE  y 

. —  Va 

uee  oj 

V'  jor  use  m  jorm\ 

\ua  n  = 

=  ^  J)\. 

1 V>0] 

itiiiuec 

V 

0.00 

a  01 

0.02 

0.03 

0.04 

0.06 

0.06 

0.07 

0.08 

0.09 

V 

Feet  per 

Feet  per 

second 

second 

3.7 

12.01 

12.1 

12.1 

12.2 

12.3 

12.3 

12.4 

12.6 

12.6 

12.6 

3.7 

3.8 

12.64 

12.7 

12.8 

12.8 

12.9 

12.9 

13.0 

13.1 

13.1 

13.2 

3.8 

3.9 

13.27 

13.3 

13.4 

13.5 

13.6 

13.6 

13.7 

13.7 

13.8 

13.8 

3.9 

4.0 

13.93 

14.0 

14.1 

14.1 

14.2 

14.3 

14.3 

14.4 

14.4 

14.6 

4.0 

4.1 

14.60 

14.7 

14.7 

14.8 

14.9 

14.9 

15.0 

15.1 

16.1 

16.2 

4.1 

4.2 

15.28 

15.4 

15.4 

16.6 

16.6 

15.6 

15.7 

15.7 

15.8 

16.9 

4.2 

4.3 

16.98 

16.1 

16.1 

16.2 

16.3 

16.3 

16.4 

16.5 

16.6 

16.6 

4.3 

4.4 

16.69 

16.8 

16.8 

16.9 

17.0 

17.1 

17.1 

17.2 

17.3 

17.3 

4.4 

4.5 

17.42 

17.5 

17.6 

17.7 

17.7 

17.8 

17.9 

18.0 

18.0 

18.1 

4.5 

4.6 

18.17 

18.2 

ia3 

18.4 

18.4 

18.5 

18.6 

18.7 

18.8 

18.8 

4.6 

4.7 

18.92 

19.0 

19.1 

19.1 

19.2 

19.3 

19.4 

19.5 

19.5 

19.6 

4.7 

4.8 

19.70 

19.8 

19.9 

20.0 

20.0 

20.1 

20.2 

20.2 

20.3 

20.4 

4.8 

4.9 

20.48 

20.6 

20.7 

20.7 

20.8 

20.9 

20.9 

21.0 

21.1 

21.2 

4.9 

6.0 

21.28 

21.4 

21.4 

21.5 

21.6 

21.7 

21.8 

21.9 

21.9 

22.0 

5.0 

6.1 

22.10 

22.2 

22.3 

22.3 

22.4 

22.5 

22.6 

22.7 

22.8 

22.9 

6.1 

6.2 

22.93 

23.0 

23.1 

23.2 

23.3 

23.3 

23.4 

23.5 

23.6 

23.7 

5.2 

5.3 

23.78 

23.9 

23.9 

24.0 

24.1 

24.2 

V\.-i 

24.4 

24.5 

24.6 

6.3 

5.4 

24.63 

24.7 

24.8 

24.9 

25.0 

25.1 

25.2 

26.2 

25.3 

25.4 

6.4 

5.5 

25.51 

25.6 

25.7 

25.8 

25.9 

25.9 

20.0 

26.1 

26.2 

26.3 

5.5 

6.6 

26.40 

26.5 

26.6 

26.7 

26.8 

26.8 

26.9 

27.0 

27.1 

27.2 

6.6 

5.7 

27.30 

27.4 

27.5 

27.6 

27.7 

27.8 

27.9 

27.9 

28.0 

28.1 

6.7 

6.8 

28.22 

28.3 

28.4 

28.5 

28.6 

28.7 

28.8 

28.9 

■  29.0 

29.1 

6.8 

5.9 

29.15 

29.2 

29.3 

29.4 

29.5 

29.6 

29.7 

29.8 

29.9 

30.0 

5.9 

6.0 

30.09 

30.2 

30.3 

30.4 

30.5 

30.6 

30.7 

30.8 

30.9 

31.0 

6.0 

6.1 

31.05 

31.2 

31.3 

31.3 

31.4 

31.5 

31.6 

31.7 

31.8 

31.9 

6.1 

6.2 

32.03 

32.1 

32.2 

32.3 

32.4 

32.5 

32.6 

32.7 

32.8 

32.9 

6.2 

6.3 

33.02 

33.1 

33.2 

33.3 

33.4 

33.6 

33.6 

33.7 

33.8 

33.9 

6.3 

6.4 

34.02 

34.1 

34.2 

34.3 

34.4 

34.5 

34.6 

34.7 

34.8 

34.9 

6.4 

6.5 

35.  M 

35.1 

35.2 

35.3 

35.4 

35.5 

35.7 

35.8 

35.9 

36.0 

6.5 

6.6 

36.07 

36.2 

36.3 

36.4 

36.5 

36.6 

36.7 

36.8 

36.9 

37.0 

6.6 

6.7 

37.11 

37.2 

37.3 

37.4 

37.5 

37.6 

37.8 

37.9 

38.0 

38.1 

6.7 

6.8 

38.17 

38.3 

38.4 

38.6 

38.6 

38.7 

38.8 

38.9 

39.0 

39.1 

6.8 

6.9 

39.25 

39.4 

39.5 

39.6 

39.7 

39.8 

39.9 

40.0 

40.1 

40.2 

6.9 

7.0 

40.34 

40.4 

40.6 

40.7 

40.8 

40.9 

41.0 

41.1 

41.2 

41.3 

7.0 

7.1 

41.44 

41.6 

41.7 

41.8 

41.9 

42.0 

42.1 

42.2 

42.3 

42.4 

7.1 

7.2 

42.55 

42.7 

42.8 

42.9 

43.0 

43.1 

43.2 

43.4 

43.5 

43.6 

7.2 

7.3 

43.68 

43.8 

43.9 

44.0 

44.1 

44.3 

44.4 

44.5 

44.6 

44.7 

7.3 

7.4 

44.83 

44.9 

46.1 

45.2 

45.3 

45.4 

45.5 

45.6 

45.8 

45.9 

7.4 

7.5 

45.98 

46.1 

46.2 

46.3 

46.5 

46.6 

46.7 

46.8 

46.9 

47.0 

7.5 

7.6 

47.16 

47.3 

47.4 

47.6 

47.6 

47.8 

47.9 

48.0 

48.1 

48.2 

7.6 

7.7 

48.34 

48.5 

48.6 

48.7 

48.8 

49.0 

49.1 

49.2 

49.3 

49.4 

7.7 

7.8 

49.54 

49.7 

49.8 

49.9 

50.0 

50.1 

50.3 

60.4 

50.5 

50.6 

7.8 

7.9 

50.76 

50.9 

51.0 

61.1 

51.3 

61.4 

51.5 

51.6 

51.8 

51.9 

7.9 

8.0 

51.98 

52.1 

62.2 

62.4 

52.6 

52.6 

62.7 

52.8 

53.0 

53.1 

8.0 

&1 

53.23 

53.3 

53.5 

63.6 

53.7 

53.8 

M.0 

64.1 

54.2 

54.3 

8.1 

8.2 

64.48 

54.6 

54.7 

54.8 

65.0 

55.1 

56.2 

56.3 

55.5 

55.6 

8.2 

8.3 

65.75 

55.9 

56.0 

56.1 

56.2 

56.4 

56.5 

56.6 

56.8 

50.9 

8.3 

8.4 

57.03 

67.2 

67.3 

67.4 

67.5 

57.7 

57.8 

57.9 

58.1 

58,2 

8.4 

8.5 

58.83 

58.5 

68.6 

58.8 

58.9 

69.0 

59.1 

59.2 

59.4 

69.5 

8.5 

a6 

69.64 

69.8 

59.9 

60.0 

60.1 

60.3 

60.4 

60.5 

60.7 

60.8 

8.6 

8.7 

60.96 

61.1 

61.2 

61.4 

6L5 

61.7 

61.8 

61.9 

62.0 

62.2 

8.7 

8.8 

62.30 

62.4 

62.5 

62.7 

62.8 

63.0 

63.1 

63.2 

63.4 

63.5 

8.8 

8.9 

63.  C6 

63.8 

63.9 

64.1 

64.2 

64.3 

64.4 

64.6 

64.7 

04.9 

8.9 

0.0 

65.02 

66.2 

65.3 

65.4 

65.6 

65.7 

65.9 

66.0 

66.1 

0().2 

9.0 

9.1 

66.40 

66.5 

66.7 

66.8 

67.0 

67.1 

67.2 

67.4 

67.5 

67.7 

9.1 

9.2 

67.80 

67.9 

68.1 

68.2 

68.4 

68.5 

68.6 

68.8 

68.9 

69.1 

9.2 

9.3 

69.20 

69.3 

69.6 

69.6 

69.8 

69.9 

70.0 

70.2 

70.3 

70.5 

9.3 

9.4 

70.62 

70.8 

70.9 

71.1 

71.2 

71.3 

71.5 

71.6 

71.8 

71.9 

9.4 

9.5 

72.06 

72.2 

72.4 

72.5 

72.6 

72.8 

72.9 

73.1 

73.2 

73.3 

9.5 

9.6 

73.50 

73.6 

73.8 

73.9 

74.1 

74.2 

74.4 

74.5 

74.7 

74.8 

9.6 

9.7 

74.96 

75.1 

76.3 

76.4 

75.5 

76.7 

75.8 

76.0 

76.1 

76.3 

9.7 

9.8 

76.44 

76.6 

76.7 

76.9 

77.0 

77.2 

77.5 

77.5 

77.6 

77.8 

9.8 

9.9 

77.93 

78.1 

78.2 

78.4 

78.5 

78.7 

78.8 

78.9 

79.1 

79.3 

9.9 

0.0 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

lao 

79.43 

81.0 

82.5 

84.0 

85.6 

87.1 

88.7 

90.3 

91.9 

93.6 

10.0 

11.0 

95.20 

96.9 

98.6 

100.2 

101.9 

103.6 

105.3 

107.0 

108,7 

iia6 

11.0 

12.0 

112.3 

114.1 

115.9 

117.7 

119.5 

121.3 

123.2 

125.1 

127.0 

128.9 

12.0 

13.0 

130.8 

132.7 

134.6 

136.6 

138.6 

140.5 

142.6 

144.6 

146.5 

148.5 

13.0 

14.0 

150.5 

152.6 

154.6 

156.7 

158.8 

160.9 

163.0 

165.1 

167.3 

169.4 

14.0 

15.0 

171.6 

173.8 

176.0 

178.2 

180.4 

182.7 

184.9 

187.2 

189.4 

191.7 

15.0 

16.0 

194.0 

196.3 

198.6 

201.0 

203.3 

205.7 

208.1 

210.5 

212.9 

215.3 

16.0 

17.0 

217.7 

220.2 

222.6 

226.1 

227.5 

230.0 

232.6 

235  1 

237.6 

240.1 

17.0 

18.0 

242.7 

245.2 

247.8 

250.4 

253.0 

255.7 

258.3 

260.9 

283.6 

266.2 

18.0 

19.0 

288.9 

271.6 

274.4 

277.1 

279.8 

282.5 

285.3 

288.0 

290.8 

293.6 

19.0 
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Table  10. — Values  of  D^-^  for  use  in  the  formula  H=Kg  yrp^ 

[Example,  d=38  inches,  is  the  equivalent  of  Z>=3.167  feet,  for  which  Z>ii=3.55  feet] 
[For  use  in  the  determination  of  V'-^  the  values  of  area,  A  are  given.  For  d= 38  inches,  ^=7.88  square  feel] 


Diameter 

Diameter 

Diameter 

Diameter 

2)1.1 

Area 
A 

Di.i 

Area 
A 

i)i.i 

Area 
A 

Di.i 

Area 

A 

d 

D 

d 

D 

d 

D 

d 

D 

Ins. 

Ft. 

Ft. 

Sq.ft. 

Ins. 

Ft. 

Ft. 

Sq.ft. 

Ins. 

Ft. 

Ft. 

Sq.ft. 

Ins. 

Ft. 

Ft. 

Sq.ft. 

4.0 

0.333 

0.298 

0.087 

26.0 

2.167 

2.34 

3.69 

56.0 

4.667 

5.44 

17.10 

108.0 

9.0 

11.2 

63.62 

4.5 

.375 

.340 

.110 

27.0 

2.250 

2.44 

3.98 

57.0 

4.760 

5.55 

17.72 

114.0 

9.5 

11.9 

70.88 

6.0 

.417 

.382 

.137 

28.0 

2.333 

2.64 

4.28 

68.0 

4.833 

5.66 

18.35 

120.0 

10.0 

12.6 

78.54 

6.5 

.458 

.424 

.165 

29.0 

2.417 

2.64 

4.69 

59.0 

4.917 

6.77 

18.99 

126.0 

10.5 

13.3 

86.59 

6.0 

.500 

.467 

.196 

30.0 

2.500 

2.74 

4.91 

60.0 

5.000 

6.87 

19.63 

132.0 

11.0 

14.0 

95.03 

6.6 

.542 

.510 

.230 

31.0 

2.583 

2.84 

5.24 

61.0 

6.083 

5.98 

20.29 

138.0 

11.5 

14.7 

103.9 

7.0 

.583 

.652 

.267 

32.0 

2.667 

2.94 

5.58 

62.0 

5.167 

6.09 

20.97 

144.0 

12.0 

15. 4!  113. 1 

7.5 

.625 

.596 

.307 

33.0 

2.750 

3.04 

5.94 

63.0 

6.250 

6.20 

21.65 

150.0 

12.6 

16.1 

122.7 

8.0 

.667 

.640 

.349 

34.0 

2.833 

3.15 

6.30 

64.0 

5.333 

6.31 

22.34 

156.0 

13.0 

16.8 

132.7 

8.6 

.708 

.684 

.394 

35.0 

2.917 

3.25 

6.68 

65.0 

5.417 

6.41 

23.04 

162.0 

13.6 

17.5 

143.1 

9.0 

.750 

.729 

.442 

36.0 

3.000 

3.35 

7.07 

66.0 

6.600 

6.52 

23.76 

168.0 

14.0 

18.2 

153.9 

9.5 

.792 

.774 

.493 

37.0 

3.083 

3.45 

7.47 

67.0 

6.583 

6.63 

24.48 

174.0 

14.5 

18.9 

166.1 

10.0 

.833 

.818 

.545 

38.0 

3.167 

3.55 

7.88 

68.0 

6.667 

6.74 

25.22 

180.0 

15.0 

19.7 

176.7 

10.6 

.875 

.863 

.601 

39.0 

3.250 

3.66 

8.30 

69.0 

5.750 

6.85 

25.97 

186.0 

16.6 

20.4 

188.7 

11.0 

.917 

.909 

.660" 

40.0 

3.333 

3.76 

8.73 

70.0 

5.833 

6.96 

26.74 

192.0 

16.0 

21.1 

201.1 

11.5 

.958 

.954 

.721 

41.0 

3.417 

3.86 

9.17 

71.0 

5.917 

7.07 

27.60 

198.0 

16.5 

21.8 

213.8 

12.0 

1.000 

1.000 

.786 

42.0 

3.500 

3.97 

9.62 

72.0 

6.000 

7.18 

28.27 

204.0 

17.0 

22.6 

227.0 

13.0 

1.083 

1.09 

.922 

43.0 

3.583 

4.07 

10.08 

74.0 

6.167 

7.40 

29.87 

210.0 

17.5 

23.3 

240.5 

14.0 

1.167 

1.19 

1.069 

44.0 

3.667 

4.17 

10.66 

76.0 

6.333 

7.62 

31.50 

216.0 

18.0 

24.0 

254.5 

15.0 

1.250 

1.28 

1.227 

46.0 

3.750 

4.28 

11.04 

78.0 

6.500 

7.84 

33.18 

222.0 

18.5 

24.8 

268.8 

16.0 

].333 

1.37 

1.396 

46.0 

3.833 

4.38 

11.54 

80.0 

6.667 

8.06 

34.91 

228.0 

19.0 

25.5 

283.5 

17.0 

1.417 

1.47 

1.576 

47.0 

3.917 

4.49 

12.05 

82.0 

6.833 

8.28 

36.67 

234.0 

19.6 

26.2 

298.6 

18.0 

1.500 

1.56 

1.767 

48.0 

4.000 

4.69 

12.57 

84.0 

7.000 

8.51 

38.48 

240.0 

20.0 

27.0 

314.2 

19.0 

1.583 

1.66 

1.969 

49.0 

4.083 

4.70 

13.10 

86.0 

7.167 

8.73 

40.34 

246.0 

20.5 

27.7 

330.1 

20.0 

.  1.  667 

1.75 

2.182 

60.0 

4.167 

4.81 

13.64 

88.0 

7.333 

8.95 

42.24 

262.0 

21.0 

28.5 

346.4 

21.0 

1.750 

1.85 

2.405 

61.0 

4.250 

4.91 

14.19 

90.0 

7.500 

9.18 

44.18 

258.0 

21.5 

29.2 

363.1 

22.0 

1.833 

1.95 

2.640 

62.0 

4.333 

6.02 

14.76 

92.0 

7.666 

9.40 

46.16 

264.0 

22.0 

30.0 

380.1 

23.0 

1.917 

2.05 

2.885 

53.0 

4.417 

5.12 

15.32 

94.0 

7.833 

9.62 

48.19 

276.0 

23.0 

31.5 

415.5 

24.0 

2.000 

2.14 

3.142 

54.0 

4.500 

5.23 

15.90 

96.0 

8.000 

9.85 

50.27 

288.0 

24.0 

33.0 

452.4 

25.0 

2.083 

2.24 

3.409 

65.0 

4.583 

5.34 

16.50 

102.0 

8.600 

10.63 

56.74 

300.0 

26.0 

34.5 

490.9 

ESTIMATE  TABLES  AND  DIAGRAIM  AND  SOLUTION  OF  TYPICAL  PIPE 

PROBLEIMS 

Problem  1. — An  inverted-siphon  pipe  is  required  to  carry  3.5 
second-feet  of  water  for  irrigation  across  a  depression  40  feet  deep. 
The  siphon  will  connect  sections  of  open  concrete-lined  canal.  The 
distance,  as  measured  along  the  line  to  be  followed  by  the  pipe,  is 
273  feet.  A  total  drop  in  water  surface  between  water  in  the  intake 
end  and  water  at  the  outlet  end  of  the  siphon  is  2.5  feet.  Required: 
The  size  of  thin-sheet  flat-head  riveted  pipe  needed  to  convey  the 
desired  quantity  of  water  when  the  pipe  is  20  years  old  on  the  basis 
of  deterioration  as  in  formula  22. 

Design  for  an  overload  of  15  per  cent  as  a  factor  of  safety.    Thus 

quantity  designed  for  will  be  1.15X3.5  =  4.03  second-feet.     Try  a 

12-inch  pipe.    From  Table  10,  the  area,  ^  =  0.785  square  feet.  Hence, 

4  03 
the  velocity   would  be  ^  '    _  =  5.14  feet  per  second,  for  which   the 


The  velocity   head  and  entry 


0.785 

velocity  head  equals  to  -^-^ 0.4 11 

head  necessary  to  generate  the  velocity  and  to  get  the  water  into  the 
pipe  at  the  inlet  end  will  be  about  1.5  times  the  velocity  head,  or 
1.5X0.411  =0.617  feet.    The  difference  in  water  surface  available  for 
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he  friction  loss  becomes  2.50  —  0.617  =  1.883  feet.     Since  the  pipe 

1  883 
vill  be  273  feet  long  the  loss  per  1,000  feet  would  be  ^'^-»  =  6.90  feet. 

The  type  of  pipe  required  would  come  under  class  la,  for  which  K, 
when  the  pipe  is  new  is  0.38  but  when  the  pipe  is  20  years  old  would 
be  0.513  (from  Table  7A).  Substituting  in  formula  9,  page  10,  the 
oss  of  head  per  1,000  feet  would  be 

rr     IT  ^^    n  r:io  5.14^-^     ^  ..^   22.4  /from  Table  9  \     , ,  .  .    , 
H=K.  ^,  =  0.513  ^_=  0.513  ^^ggg^^^^^  ^^^^^  loh  ^^'^  ^''^- 

which  requires  more  head  than  is  available,  hence  a  12-inch  pipe  is 
too  small. 

Try  a  14-inch  pipe  in  the  same  way.     The  area  Jl  =  1.069  square 

4  03 
feet.    The  velocity  will  be  i  nfio^^-^^  ^^^^  P®-^  second,  for  which  the 

3  77^ 
velocity  head  is-k—  =0.221  feet.    The  combined  velocity  and  entry 

heads  will  be  taken  as  1.5X0.221  =0.331  feet.  The  fall  available  for 
friction  loss  becomes  2.50-0.331=2.169  feet.     The  loss  per  1,000 

feet  will  be  r)n'7o  =  7.M  feet.     Substitution  in  formula  9,  as  before 

gives 

TT-  K  ^'-0  -.1-3-77''     „  ,.„  IM  C  from  Table  9  \_ 

Since  the  pipe  is  only  273  feet  long  the  actual  friction  loss  would  be 
1.47  feet  while  the  fall  available  for  friction  would  be  2.169  feet. 
Thus  there  is  ample  margin  of  safety  and  a  14-inch  pipe  of  this  type 
will  be  shghtly  oversize.  If  available,  it  will  be  found  that  a  13-inch 
pipe  would  satisfy  the  requirements  reasonably  closely.  After  deter- 
mining the  fall  per  1 ,000  feet  of  pipe  available  for  friction  losses,  then 
any  of  the  usual  problems  can  be  solved  by  means  of  the  nomogram, 
Figure  10. 

Frohlem  2. — A  pipe  line,  to  convey  50,000,000  gallons  per  dav  20 
years  hence,  for  a  distance  of  10  miles  through  open  country  calling 
for  little  curvature,  with  a  total  available  fall  of  65  feet,  is  required 
to  convey  ^'active"  water  for  municipal  purposes.  The  pressure  head 
is  between  50  and  100  feet.  What  will  be  the  required  diameter  of 
(1)  riveted-steel  pipe,  (2)  lock  bar  pipe  with  riveted  girth  seams? 

For  the  conditions  involved  assume  a  factor  of  safety  of  15  per 
cent.  The  required  capacity  will  be  50  +  7.5  =  57.5  million  gallons 
per  day,  which  is  equal  to  approximately  89  second-feet.  From  page 
12  it  is  found  that  a  riveted  pipe  of  class  lb,  having  a  coefficient  of 
retardation  of  E',  =  0.44  when  new,  can  be  considered  while  the  lock- 
bar  pipe  of  class  2  will  have  a  coefficient  when  new  of  Z^,  =  0.34. 

From  Table  7A  the  value  of  Z,  =  0.44  when  new  becomes  0.594 
for  a  pipe  20  years  old  and  the  value  of  K,  of  0.34  for  the  new 
lock-bar  pipe  becomes  0.459  in.  20  years.  Of  the  65  feet  total  fall 
available  assume  3  feet  are  to  be  lost  at  valves,  screens,  and  meter. 
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This  leaves  62  feet  for  friction  losses.    For  each  1,000  feet  of  line  this 

62 
will  be  -  oQox  lO^"^'"^^'^  ^^^^'    Substituting  in  formula  9,  page  10: 

1.174  =  0.594  ~^,,   or  1.96  D''^  P» 

From  the  continuity  equation  Q  =  AV=89  second-feet. 

Table  11  shows  the  results  of  tentative  trials  of  different  sizes  of 
riveted-steel  pipe  using  data  from  Tables  9  and  10. 

Table  11. — Tentative  trials  of  different  sizes  of  riveted-steel  pipe — problem  2 


d 

D 

DM 

1.96Z)i-J  = 
yi.9 

V 

A 

Q=^F 

Eemarks 

Feet  per 

Square 

Second- 

Inches 

Feet 

Feet 

second 

feet 

feet 

64 

4.50 

5.23 

10.25 

3.40 

16.90 

64.1 

Too  small. 

60 

5.00 

6.87 

11.50 

3.62 

19.64 

71.2 

Do. 

66 

5.50 

6.52 

12.78 

3.82 

23.76 

90.8 

Too  large. 

64 

5.33 

6.31 

12.36 

3.75 

22.6 

84.8 

Too  small. 

65 

6.42 

6.41 

12.56 

3.78 

23.4 

88.5 

Just  under  89.    Better  use  66-inch. 

In  a  similar  way,  for  the  lock-bar  pipe : 

1.174  =  0.459  -^1  or  2.56  D''=  V'-^  and  Q  =  J. 7=  89  as  before. 

Table  12  shows  the  results  of  trials  of  different  sizes  of  this  type  of 
pipe. 

Table  12. — Tentative  trials  of  different  sizes  of  lock-har  pipe — problem  2 


d 

Z> 

Di-i 

2.56Di-i= 

yi.9 

V 

A 

Q=AV 

Eemarks 

Feet  per 

Square 

Second- 

Inches 

Feet 

Feet 

second 

feet 

feet 

60 

5.00 

6.87 

15.03 

4.16 

19.64 

81.7 

Too  small. 

64 

5.33 

6.31 

16.15 

4.32 

22.6 

97.7 

Too  large. 

61 

6.08 

6.98 

15.30 

4.20 

20.6 

86.5 

Too  small. 

62 

6.17 

6.09 

15.60 

4.24 

21.0 

89.0 

Just  right. 

For  the  particular  problem  stated,  the  pipe  of  class  2  has  the 
advantage  to  the  extent  of  from  3  to  4  inches  in  diameter. 

COMPARISON    OF    CAPACITIES,    RIVETED    STEEL    AND    ANALOGOUS 
PIPES  WITH   CAST-IRON,   CONCRETE,   AND   WOOD-STAVE  PIPES 

Table  13  has  been  prepared  for  the  purpose  of  comparing  pipes  of 
various  types  and  materials  in  the  important  matter  of  carrying 
capacity.  With  the  exception  of  cast-iron  pipe  all  t^pes  and  materials 
in  general  use  have  been  investigated  by  the  Division  of  Agricultural 
Engineering  and  the  tables  are  based  on  the  results  of  the  investi- 
gations. From  this  table  curves  can  be  quickly  developed  on  log- 
arithmic paper  for  a  comparison  of  any  sizes  of  pipes  for  any  coeffi- 
cients between  those  listed.     This  table  likewise  permits  a  comparison 
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between  results  as  computed  by  formulas  here  recommended  and 
results  as  computed  by  the  Williams-Hazen  or  the  Kutter  formula. 

For  pipes  of  the  types  investigated  in  this  study  basic  values  are 
eiven  in  columns  3  to  11,  inclusive.  The  proper  value  of  Z,  will  be 
determined  by  the  class  and  age  of  the  pipe  considered.  (See  Effect 
of  Age  on  Carrying  Capacity,  page  88.)  For  cast-iron  pipe,  reference 
is  made  to  the  latest  recommendations  of  Williams  and  Hazen  (180^ 
p.  22):  *'For  new  cast-iron  pipe  130  (in  the  Williams-Hazen  formula) 
remains  the  appropriate  value;  but  140  is  sometimes  reached,  and 
there  is  a  record  of  one  pipe  with  a  value  of  147."  Williams  and 
Hazen  point  out  that  all  iron  and  steel  pipe  deteriorates  in  capacity 
with  age,  and  suggest  that  a  fair  value  for  computation  of  cast-iron 
lines  is  a  coefficient  of  100,  and  for  steel  pipe  a  coefficient  of  95. 

62210°— 30 7 
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The  use  of  the  Kutter  formula  for  closed  conduits  is  discouraged 
by  nearly  all  present-day  authorities  on  the  flow  of  water  in  pipes 
and  channels;  however,  there  are  engineers  who  prefer  to  use  it  at 
least  for  comparison.  The  writer  wishes  to  point  out,  however,  that 
the  value  of  Kutter's  n  corresponding  to  a  6-inch  continuous-interior 
steel  pipe  is  approximately  0.009,  but  when  found  for  a  6-foot  pipe 
71  =  0.012  ±.  Likewise,  while  7i  =  0.015  is  about  right  for  a  new 
riveted  pipe  8  feet  in  diameter,  a  value  of  0.013  would  satisfy  the 
conditions  with  the  lower  velocities  in  the  same  riveted  pipe  if  its 
diameter  were  only  30  inches. 

In  columns  22  to  25,  inclusive  of  Table  13  are  found  data  on 
velocities  in  various  grades  of  concrete  pipes.  After  the  writer's 
investigation  of  the  flow  in  concrete  pipe,  coefficient  and  data  as 
shown  in  column  23  were  recommended  for  the  highest  grade  pipe 
and  lined  tunnels,  but  more  recent  experiments  indicate  that  flow  as 
shown  in  column  22  is  attained.  While  no  definite  data  have  been 
offered  as  to  deterioration  in  capacity  of  concrete  pipe  it  is  advisable 
to  provide  for  such  reduction  by  means  of  a  factor  of  safety  applied 
as  a  design  overload  unless  previous  experience  with  the  particular 
water  carried  shows  that  no  deterioration  is  to  be  expected.  When 
the  modern  concrete  pipe  line  has  attained  a  reasonable  age  there 
will  be  more  opportunity  of  settling  the  question  as  to  the  extent  of 
any  capacity  reduction.  The  wood-stave  pipe  also  does  not  appear 
to  sustain  any  marked  degree  of  capacity  reduction  from  time  de- 
terioration and  the  writer  believes  the  data  in  column  26  will  be 
found  to  represent  within  5  per  cent  the  actual  flow  in  most  stave 
lines  up  to  15  years  of  age. 

CONCLUSIONS 

There  is  a  material  difference  in  the  carrying  capacities  of  steel 
pipes.  Other  things  being  equal,  the  difference  is  due  to  the  type 
of  unit  assembly  and  the  field  joints. 

Present  indications,  based  on  the  performance  of  pipes  of  various 
ages,  are  that  all  iron  and  steel  pipes  lose  capacity  progressively  when 
in  use.  Time  alone  will  determine  the  extent  of  immunity  afforded 
by  some  of  the  newer  coatings.  (This  paragraph  does  not  apply 
when  it  conflicts  with  the  third  paragraph  below.) 

The  general  term  ** riveted  pipe"  is  insufficiently  distinguishing 
for  use  in  capacity  specifications.  Plate  thickness,  type  and  size  of 
rivets,  and  method  of  making  joints  all  have  noticeable  influence  on 
capacity. 

In  irrigation  use,  where  pipes  are  fed  by  canal  water,  extensive 
silt  deposits  may  be  expected  unless  scouring  velocities  are  available. 
For  velocities  under  about  5  feet  per  second  many  of  the  irrigation 
pipes  of  diameters  under  14  inches,  when  tested  showed  marked  lack 
of  capacity  compared  with  the  same  types  of  pipe  under  conditions 
which  did  not  contribute  silt  deposits. 

No  deterioration  in  capacity  need  be  anticipated  throughout  the 
life  of  a  pipe  carrying  water  containing  abrasive  detritus  at  velocities 
above  10  feet  per  second.  It  is  quite  probable  that  neither  coating 
nor  tuberculation  could  survive  the  erosion.  However,  the  life  of 
the  pipe  would  be  shortened  by  the  scouring  action. 
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The  capacities  of  riveted  steel  and  analogous  pipes,  when  new,  fit 
in  with  comparable  categories  of  other  materials  to  an  extent  that 
leaves  little  room  for  dispute.  Future  research  and  improvement 
should  be  directed  toward  the  retention  of  the  original  capacity  by 
preservation  of  the  coating,  which  should  protect  the  steel  from 
chemical  action  regardless  of  the  activity  of  the  water  or  the  structure 
of  the  steel.  Loss  of  capacity  caused  by  such  natural  barriers  as 
debris  or  silt  is,  of  course,  common  to  all  pipes,  although  plate  offsets 
and  rivet  heads  offer  initial  obstructions  which  tend  to  produce  such 
accumulations  in  greater  degree  than  in  some  other  kinds  of  pipes, 
other  factors  remaining  equal. 

Assuming  the  capacity  of  full-riveted  pipe  with  plate  less  than 
one-half  inch  thick  as  100  per  cent,  then  continuous-interior  pipe 
(class  3)  without  rivet  heads  will  carry  about  18  per  cent  more,  and 
girth-riveted  pipe,  but  continuous  on  the  straight  seams  (class  2), 
will  carry  nearly  15  per  cent  more.  With  the  same  base,  thin-sheet 
(gauge-metal)  pipes  with  flat-head  rivets  will  carry  8  per  cent  more; 
heavy  plate  pipe  of  cylinder  or  taper  joints  will  carry  about  4  per 
cent  less;  and  heavy  plate,  butt-strap  pipe  will  carry  about  8  per 
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APPENDIX  1 

The  following  pages  are  devoted  to  abstracts  of  descriptions  of 
experiments  made  by  agencies  other  than  the  Division  of  Agricultural 
Engineering,  Bureau  of  PubUc  Roads.  The  number  before  each 
description  refers  to  the  corresponding  numbers  in  colunm  1,  Tables  1, 
2,  3,  and  4. 

FULL  RIVETED   PIPE 

No.  2. — 7.71-inch  wronght-lron  riveted-sheet  pipe — Paris,  France  (55;  159;  67;  122,  p.  135) — Capacity 

+11.4  per  cent 

This  line  of  pipe,  365.3  feet  long,  was  tested  when  new  by  H.  Darcy,  in  1851. 
The  pipe  units,  about  9.5  feet  long,  had  been  bitumen  coated  before  being  joined 
with  screw  couplings.  The  material  was  smooth  quality  sheet  iron,  slightly 
tapering,  with  longitudinal  seams  held  by  rivets  0.2  inch  in  diameter.  Quantity 
of  water  was  determined  by  a  calibrated  tank  and  loss  of  head  by  mercury 
manometers.  This  line  and  line  No.  10  are  classed  as  full-riveted  on  the  assump- 
tion that  retardation  effects  of  exposed  screw  threads  at  the  section  joints  would 
approximate  those  of  a  band  of  flathead  rivets.  On  this  assumption  the  capacity 
was  more  than  that  called  for  by  the  writer's  formula. 

Nos.  4  and  5. — ^Riveted-sheet  steel  pipe — Huacal  Dam,  Sonora,  Mexico  (75,  p.  601) — Capacity  —14.9 
per  cent  for  lO-indi  pipe,  and  — 5.4  per  cent  for  S-inch  pipe 

A  new  pipe  line  between  reservoir  and  mill  tanks  at  Nacozari,  comprising 
1.13  miles  of  8-inch  and  1.78  miles  of  10-inch  riveted  pipe  of  14-gauge  steel 
sheets,  asphalt  coated  in  20-foot  sections  for  the  lower  3,600  feet  of  the  10-inch 
pipe  and  10-foot  sections  for  the  rest.  Buried  lengths  were  connected  by  driving 
shp  joints  after  the  coating  at  the  joints  had  been  heated  by  burning  kerosene. 
Exposed  lengths  were  flange  bolted,  the  flanges  being  riveted  to  pipe  sections. 
Capacity  tests  were  made  by  H.  Hawgood  when  the  line  was  new.     Velocity 
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was  measured  by  color  (potassium  permanganate)  through  both  8-inch  and 
10-inch  sizes  and  finally  checked  by  volumetric  measurement  in  mining  tanks 
at  the  end  of  the  line.  The  difference  between  highest  and  lowest  determina- 
tions by  these  methods  is  1.33  per  cent.  A  study  of  the  retardation  elements 
for  these  two  pipes  shows  a  very  marked  friction  loss  as  compared  with  other 
thin-sheet  new  pipes,  this  being  especially  true  of  the  10-inch  line. 

No.  9. — 11 -inch  lap-riveted  sheet-iron  pipe  with  taper  joints — North  Bloomfield,   Calif.   (158;  159, 
p.  241) — Capacity  +3.1  per  cent 

In  1876,  Hamilton  Smith  made  tests  of  the  capacity  of  three  pipes  in  the 
same  trench.  These  lines,  about  11,  13,  and  15  inches  in  diameter,  respectively, 
and  about  700  feet  long,  were  tested  when  5  years  old.  All  were  of  sheet  iron 
from  0.044  to  0.078  inch  in  thickness,  single  riveted  in  the  shop  in  lengths 
about  20  feet  long,  then  immersed  in  a  boiling  bath  of  asphaltum  and  coal  tar. 
Field  joints  were  made  by  insertion  of  the  smaller  end  into  the  larger  end  of 
20-foot  lengths,  stovepipe  fashion.  When  tested  the  rivet  heads  were  worn 
smoother  than  when  new.  Interior  surfaces  were  quite  smooth  and  practically 
free  from  rust.  The  three  pipes  were  laid  side  by  side  across  a  sharp  ravine 
with  the  outlet  tank  about  25  feet  below  the  box  at  the  inlet. 

The  quantity,  Q,  was  determined  by  a  calibrated  weir,  some  600  feet  by 
ditch,  from  the  outlet.  The  maximum  discharge  was  tested  while  the  pipes 
were  in  ordinary  use.  Lesser  velocities  were  obtained  by  continuing  the  outlet 
end  of  the  pipes  by  similar  pipe  units,  on  the  same  general  rising  inclination  as 
that  leading  to  the  outlet  tank.  This  of  course  decreased  the  total  loss  of  head 
and  hence  decreased  the  flow.  Elevations  were  determined  by  two  level  lines  care- 
fully run  from  head  water  to  tail  water  and  loss  of  head  determined  after  making 
allowance  for  velocity  and  entry  heads.  Pipe  diameters  were  found  by  measur- 
ing some  14  circumferences  at  equidistant  points  with  a  steel  tape  and  making 
allowance  for  shell  thickness  but  not  thickness  of  coat,  given  as  possibly  0.001 
foot.  Water  surface  elevations  in  inlet  and  outlet  pools  were  read  to  0.01  foot 
partly  and  0.005  foot  partly. 

No.  10. — 11.22-inch  wrought-iron  riveted-sheet  pipe — Conduit  No.  10,  Paris,  France  (.35;  159;  67;  122, 
p.  135) — Capacity  +8.3  per  cent 

This  line  appears  to  have  been  of  identical  construction  with  No.  2  above, 
except  that  the  pipe  units  tapered  to  a  diameter  0.04  foot  less  at  one  end  than 
at  the  other.  The  tests  were  conducted  by  H.  Darcy  in  a  similar  manner  to 
that  already  described,     (p.  101.) 

No.  12. — 13-inch  lap-riveted  sheet-iron  pipe,  taper  joints — North  Bloomfield,  CaliC  (158;  159,  p.  241; 

67) — Capacity  +3.2  per  cent 

One  of  three  pipes  described  under  No.  9  above.  The  capacity  is  in  accord 
with  that  of  No.  9, 

No.   13. — 14-inch  lap-riveted  steel  pipe,  cylinder  joints — New  Westminster,  British  Columbia   (79, 
pp.  77,  90;  80;  81) — Capacity  -22.4  per  cent  for  No.  13  and  -13.8  per  cent  for  No.  13a 

Tests  are  reported  by  A.  McL.  Hawks,  covering  two  observations  on  the 
water  supply  trunk  line  for  New  Westminster,  British  Columbia.  This  steel 
pipe  was  70,700  feet  long;  cylinder  joints;  14  inches  inside  diameter  of  smaller 
course;  hot  asphalt  dipped;  riveting  double  in  straight  seams,  single  in  girth 
seams,  42  inches  apart,  forming  complete  ring  around  pipe  one-fourth  inch  less 
than  inside  pipe  shell;  vertical  and  horizontal  alignment  practically  straight. 
Tests  were  made  in  April,  1896,  and  February,  1899,  when  pipe  was  3  and  6 
years  old,  respectively.  Quantity  of  water  measured  by  weirs,  checked  by  rise 
in  reservoir. 

Test  No.  13  was  made  at  velocities  less  than  1  foot  per  second.  This  fact 
probably  caused  difficulty  and  error  in  measurements  as  the  resulting  capacity 
was  much  less  than  it  should  be. 

No.  15. — 16-inch  lap-riveted  sheet-iron  pipe,  taper  joints— North  Bloomfield,  Calif.  (158;  159,  p.  241)— 

Capacity  +7.2  per  cent 

One  of  three  pipes  described  under  No.  9  above.  The  capacity  is  slightly 
more  than  that  of  the  other  pipes  in  the  trench. 
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No.  16.— 16-inch  riveted-steel  pipe,  cylinder  joints — Astoria,  Oreg^  city  snpply  (57,  p,  1;  86,  p.  29) — 

Capacity  +0.S  per  cent 

Tests,  reported  by  A.  L.  Adams,  were  made  shortly  after  the  completion  of 
the  supply  main  for  Astoria,  Greg.,  consisting  of  19,131  feet  of  wood  stave  and 
16,417  feet  of  steel  pipe.  Inside  diameter  of  the  smaller  courses  was  full  16 
inches.  Sheets  were  4  feet  long  of  10-gauge  and  12-gauge  metal.  Hot  asphalt 
bath  was  applied  after  all  riveting.  Field  girth  joints  were  leaded  under  sleeves. 
Straight  seams  were  double  riveted  and  shop  girth  seams  single  riveted.  Ca- 
pacity tests  were  made  of  both  stave  and  steel  lines.  Slope  was  determined 
by  elevations  of  water  in  open  standpipes  35,547  feet  apart,  the  loss  simul- 
taneously determined  in  the  previous  4,188  feet  of  stave  pipe  being  deducted. 
Quantity  of  water  was  determined  by  uniform  rise  in  the  reservoir  over  a  period 
of  18  hours.  The  long  reach  and  high  velocity  should  have  given  a  very  good 
test. 

No.  18. — 17-inch  lap-riveted  wrought-Iron  pipe,  Texas  Creek,  Calif.  (158, 159) — Capacity  -\-9.2  per  cent 

This  pipe,  experimented  upon  by  Hamilton  Smith,  was  constructed  of  14- 
gauge  to  9-gauge  wrought-iron  sheets,  double  riveted  in  the  long  seams  into 
sections  about  20  feet  long.  These  sections  were  put  together  in  stovepipe  fashion 
for  1,350  feet;  on  the  remaining  3,090  feet  an  inner  sleeve  and  outer  band,  with 
lead  between  was  used.  The  line  was  laid  in  1878  and  tested  in  1878  and  1879, 
while  carrying  clear  mountain  water.  It  was  unusually  heavily  coated  with 
asphaltum  and  coal  tar.  The  inner  surface  was  described  as  appreciably  rougher 
than  those  of  Nos.  9,  12,  and  15.  The  length  was  measured  twice.  The  interior 
diameter  was  accurately  determined  from  many  measurements  as  1.416  feet. 
Loss  of  head  was  taken  as  the  difference  in  levels  between  two  water  tanks, 
303.62  feet,  corrected  for  entry  and  velocity  losses.  The  great  loss  of  head  caused 
a  velocity  of  over  20  feet  per  second.  For  the  1879  test,  described  as  the  more 
acceptable,  quantity  was  determined  by  flow  over  a  5.5-foot  weir  at  the  intake 
end  of  the  pipe.  The  high  velocity  would  produce  a  smooth  interior,  conducive 
to  a  high  capacity. 

No.  21. — 18-inch  rireted-steel  pipe,  taper  joints — Force  main  to  Solano  Reservoir,  Los  Angeles, 
Calif.— -Capacity  —4.2  per  cent 

In  correspondence  with  the  writer,  J.  B.  Lippincott  reports  an  excellent  series 
of  observations  on  the  capacity  of  the  line  from  Buena  Vista  pumping  station  to 
Solano  Reservoir.  The  essential  details  follow.  Pipe  was  laid  in  1901  and  tested 
in  1909.  It  was  made  of  10-gauge  sheet  steel,  riveted  in  taper  joints,  and  prob- 
ably coated  with  asphalt  dip.  The  line  has  one  bend  of  90°  on  a  radius  of  3  feet, 
9  inches,  and  other  bends  of  the  common  elbow  type  of  52°,  43°,  47°,  and  10°, 
respectively.  The  quantity,  Q,  was  determined  by  displacement  of  pump,  1 
per  cent  being  deducted  for  slippage,  although  this  was  known  to  be  practically 
negligible.  Loss  of  head  was  measured  from  a  point  40  feet  beyond  the  pump  to 
the  reservoir  3,150  feet  distant.  Various  observations  showed  that  the  pump 
discharge  held  steadily  throughout  the  measurements.  Mr.  Lippincott  says: 
"The  facilities  for  observation  were  exceptionally  favorable  as  there  are  no  out- 
lets from  the  main  and  the  level  of  the  water  in  the  reservoir,  into  which  the  pipe 
was  discharging,  did  not  fluctuate  more  than  an  inch  during  the  whole  time  of 
the  test." 

No.  23-24. — 24-inch  lap-riveted  wrought-iron  pipe,  cylinder  joints — Hemlocli:  Lake  conduit,  Rochester, 
N.  Y.  (140,  p.  20;  86.  pp.  13,  30;  117;  144;  122,  p.  203)— Capacity  -17  to  -20  per  cent  in  1890  and 
—15  per  cent  in  1891 

Fourteen  years  after  the  construction  of  the  first  large  riveted-metal  pipe  in 
the  eastern  States,  G.  W.  Rafter  made  capacity  tests  to  ascertain  the  changes 
which  had  taken  place  since  its  construction  in  1876.  (See  No.  150,  p.  121.) 
The  essentials  of  his  test  were  as  follows.  Quantity  was  determined  by  the  rise 
in  the  reservoir  and  loss  of  head  by  water  piezometers  on  a  reach  1,901  feet  long 
and  by  Bourdon-type  guages  on  a  reach  10,541  feet  long.  Results  were  based 
on  a  discharge  of  6,742,000  gallons  per  day.  These  tests  were  important  as  being 
the  first  showing  either  great  decrease  in  capacity,  or  that  the  1,876  tests  were 
very  inaccurate  (86,  p.  IS).  One  year  after  the  Rafter  test  a  similar  test  on  a 
3,327-foot  reach  of  the  same  pipe  (No.  24)  was  reported  by  Kuichling  (117). 
The  retardation  factors  found  showed  a  higher  capacity  than  those  of  the  year 
before. 


104    TECHNICAL  BULLETIN  150,  U.  S.  DEPT.  OF  AGRICULTURE 

No.  25. — 25.8-inch  lap-riveted  wrought-iron  pipe — ^Humbug  siphon.  North  Bloomfield,  Calif.   (158; 
159,  p.  241;  67,  p.  i^O)— Capacity  +16  per  cent 

Contemporary  with  the  riveted  wrought-iron  pipes  laid  in  San  Francisco 
(Nos.  28-29),  were  similar  pipes  which  conveyed  much  of  the  water  used  in  hy- 
draulic mining.  Hamilton  Smith  made  tests  on  several  of  them  between  1873 
and  1877.  The  Humbug  pipe  line  consists  of  a  double-barreled  inverted  siphon 
across  Humbug  Canyon,  leading  as  a  main  supply  line  to  North  Bloomfield  mine, 
Calif.  The  pipes  were  each  nominally  26  inches  in  diameter,  of  sheet  iron  only 
one-sixteenth  inch  thick,  seamed  with  a  single  line  of  light  rivets  which  formed 
little  obstruction  to  the  flow  of  water.  There  were  no  sharp  bends.  The  pipe 
was  laid  in  1868  after  being  coated  with  hot  asphaltum  and  coal  tar.  The  tests 
were  made  in  1873.  Quantity  was  determined  by  flow  through  apertures,  with 
computed  velocity  checked  by  timed  velocity  of  wood  blocks  and  stones.  The 
test  was  not  given  full  weight  by  Smith,  who  questioned  the  quantity  determina- 
tion. The  high  velocity  insured  a  polished  interior,  as  indicated  by  the  excess 
capacity. 

No.  26. — 30-inch  lap-riveted  wrought-iron  pipe — Cherokee  siphon,  California.  {159,  p.  237;  67,  p.  156; 
9,  p.  56;  127,  p.  194) — Capacity  +10.3  per  cent 

An  example  of  the  bold  construction  in  the  days  of  hydraulic  mining  in  Cali- 
fornia is  found  in  this  long  siphon  pipe  made  of  sheet  iron  but  operating  under  a 
maximum  pressure  head  of  887  feet.  Hamilton  Smith  reports  tests  he  made 
when  the  line  was  5  years  old.  The  elements  of  these  tests  follow.  The  line  was 
2y2  miles  long,  conveying  water  for  mining  purposes  across  a  canyon.  Pipe  was 
double-riveted  16-gauge  sheet  iron,  coated  when  new  with  boiling  asphaltum 
and  coal  tar.  It  was  tested  for  capacity  in  1876,  the  quantity  of  flow  being 
determined  by  flow  through  "standard  orifices."  Length  and  loss  of  head  were 
ascertained  by  engineers  of  the  company  owning  the  pipe.  At  the  time  of  test 
the  interior  surface  was  very  smooth  except  for  rivet  heads  which  formed  "note- 
worthy obstructions"  for  over  half  the  length. 

Because  of  high  velocities  and  clean  scoured  condition  the  excess  capacity  may 
be  taken  as  verification  of  the  formula  for  average  conditions. 

No.  27. — 30-inch  riveted  laminated  wrought-iron  Baden-Merced  line,  Spring  Valley  Water  Co.,  San 
Francisco,  Calif.  (.136) — Capacity,     —1.4  per  cent 

In  1911,  J.  N.  LeConte  of  the  University  of  California  made  gaugings  on  many 
of  the  trunk  lines  of  the  San  Francisco  supply.  These  measurements  are  of 
especial  value  as  they  covered  very  long  reaches  of  old  pipe.  Some  of  these  pipes 
are  among  the  oldest  sheet-metal  lines  of  large  size  in  this  country.  They  were 
all  dipped  in  refined  natural  asphalt.  The  detail  measurements  of  some  of  the 
gaugings  are  not  now  available  as  the  original  notes  can  not  be  located.  The 
others  are  quite  complete  and  the  presumption  is  that  the  same  methods  of  testing 
were  used  throughout.  As  it  is  possible  that  complete  figures  will  be  available 
at  some  future  time  it  is  thought  best  to  include  meager  data  at  this  time  and 
thus  reserve  space  for  additional  elements.  In  these  tests  the  quantity  was 
determined  by  pitometer  traverses  across  two  diameters.  The  loss  of  head  was 
found  by  tested  gauges  of  the  Bourdon  type.  This  reach  of  the  Baden-Merced 
line,  was  5  miles  long  and  approximately  5  years  old  at  time  of  test. 

No.  28. — 30-inch  San  Andreas  line,  Baden  to  College  Hill,  Spring  Valley  Water  Co.,  San  Francisco, 
Calif. — Capacity  +29  per  cent 

See  No.  27  for  general  notes.  This  line,  laid  in  1870,  of  9-gauge  and  11-gauge 
sheets,  shows  values  of  K 3  =  0.44:  and  C„,  equal  to  110  after  42  years  of  service. 
This  is  a  remarkable  showing  for  either  the  efficiency  of  the  original  coating  on 
this  metal  or  the  nonaggressive  qualities  of  the  water  carried. 

No.  29. — 30-inch  riveted  laminated  wrought-iron  pipe. — Pilarcitos  line,  Daly  Hill  to  Lake  Honda, 
Spring  Valley  Water  Co.,  California  (136) 

See  No.  27  for  general  notes  of  the  LeConte  tests.  This  line  was  1  mile  long. 
At  47  years  of  age  the  value  of  C^,  was  91.5,  which  indicates  much  more  deterio- 
ration with  age  than  does  No.  28  above  at  42  years. 
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No.  30. — 33-inch  riTeted-steel  pipe,  cylinder  Joints — Bull  Run  conduit  No.  1,  Portland,  Oreg.  (160; 
116.  p.  5<?3)— Capacity  +5.8  per  cent 

I.  W.  Smith  reports  tests  on  cast-iron  and  riveted-steel  pipes  from  24  to  42 
inches  in  diameter.  The  riveted  steel  portion  of  the  line  extended  from  the 
source  in  Bull  Run  River  to  a  reservoir  near  Willamette  River.  Tests  were  made 
in  1896  on  three  sizes  of  pipe  as  follows: 


Size 

Length 

Bends 

Total 
angle 

Maximum 
radius 

Minimum 
radius 

Inches 
33 
35 
42 

Feet 
34, 176 
39,829 
50.965 

85 
141 
225 

o 

404 

782 

1,933 

Feet 
38 
38 
38 

Feet 
14 
38 
14 

Quantity  of  water  was  measured  over  a  weir  at  the  intake  end  of  line,  and  also 
by  the  rise  of  the  reservoir  surface.  The  pipe  was  all  made  of  60-inch  sheets 
with  cylinder  joints,  double  riveted  on  straight  seams  and  single  riveted  on  girth 
seams.  Size  was  computed  on  the  basis  of  interior  diameter  of  smaller  rings. 
Shop  units  were  coated  with  hot  asphaltum,  which  rounded  off  the  exposed 
edges  of  the  rings.  Both  the  33  and  35  inch  lines  were  built  of  No.  6  steel  (0.203 
inch  thick). 

No.   32. — 35-inch  riveted-steel  pipe,   cylinder  joints — Bull  Run  supply  main,  Portland,  Oreg.   (160; 
116,  p.  503) — Capacity  +9.1  per  cent 

For  details  of  tests  by  I.  W.  Smith  see  No.  30  above. 

No.  35. — 36-inch  lap-riveted  steel  pipe,  cylinder  Joint — Belleview  to  South  Orange  Avenue,  Newarlc, 
N.  J.  (86,  p.  32) — Capacity  -1.3  per  cent 

General  data  under  No.  58  apply  also  to  this  pipe.  It  is  a  5-mile  inverted 
siphon  across  a  valley,  mostly  in  city  streets.  All  is  of  34-inch  steel  plate.  There 
are  six  curves  with  radii  of  83  feet  or  less;  all  well  rounded  and  smoothly  fin- 
ished. No.  35a,  a  single  run  taken  when  the  pipe  was  4  years  old,  indicated  the 
usual  decrease  in  carrying  capacity.  The  results  agree  very  closely  with  the 
writer's  formula  when  type,  class,  and  age  of  pipe  are  all  considered. 

No.  37. — 36-inch  riveted  laminated  wrought-iron  pipe — Alameda  pipe  line  from  Niles  io  Belmont — 
Spring  Valley  Water    Co.,  San  Francisco,  CaUf.  (236)— Capacity  +8.5  per  cent 

See  No.  27  for  general  notes  of  the  LeConte  tests.  This  experiment  was  car- 
ried out  in  1911  on  a  reach  of  114,400  feet  from  the  beginning  of  the  line  to  Bel- 
mont, Calif.  The  pipe  was  made  of  7  and  9  gauge  wrought-iron  plates  laid  in 
1887-88  and  was  still  in  good  condition  in  1925,  except  2  miles  through  swamp 
land.  The  test  included  6,467.5  feet  of  San  Francisco  Bay-crossing  pipes,  two 
pipes  each  16  inches  in  diameter,  and  two  each  22  inches,  of  %-inch  steel  tubing 
with  ball-and-socket  joints. 


No.   38. 


-36-inch   riveted-iron   pipe — Alameda   pipe  line — Spring  Valley   Water  Co. 
Calif.  (136) — Capacity  +9.3  per  cent 


San   Francisco, 


See  No.  27  for  general  notes  of  the  LeConte  tests.  This  pipe,  a  portion  of  the 
20-mile  Alameda  line  from  Niles  to  Belmont,  Calif.,  was  laid  in  1887-88.  It  was 
▼nade  of  9-gauge  wrought-iron  plates. 

No.  39. — 36-inch  riveted  wrought-iron  pipe — Conduit  No.  1,  Rochester,  N.  Y.  (140,  p.  14;  116;  144; 

122.  p.  203) 

Rochester,  N.  Y.,  was  one  of  the  first  eastern  cities  to  install  a  large  riveted- 
steel  pipe  for  municipal  supply.  Conduit  No.  1,  from  Hemlock  Lake  to  Rush 
Reservoir,  was  built  in  1873-1875.  Conduit  No.  2,  built  in  1893-94,  also  con- 
veys water  between  these  reservoirs  and  extends  around  and  beyond  Rush 
Reservoir,  a  distance  of  nearly  9  miles,  to  Cobb's  Hill  Reservoir.  Its  intake  end 
is  in  White  Bridge  overflow  chamber,  some  12,000  feet  from  Hemlock  Lake  via 
a  brick  conduit.  Conduit  No.  3,  built  in  1914,  extends  from  the  overflow  men- 
tioned to  Cobb's  Hill  Reservoir,  with  a  pipe  connecting  to  Rush  Reservoir  as  it 
passes.  In  discussion  of  these  conduits  "southern  division"  should  be  under- 
stood to  cover  the  distance  from  Hemlock  Lake  to  Rush  Reservoir,  and  "north- 
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ern  division"  the  distance  between  Rush  Reservoir  and  Cobb's  Hill  Reservoir  or 
Mount  Hope  Reservoir. 

The  Rafter  and  Kuichling  tests,  listed  as  numbers  39  and  39a,  were  on  part 
of  the  compound  pipe  consisting  of  50,776  feet  of  36-inch  wrought-iron  riveted 
pipe  at  tlie  intake  from  Hemlock  Lake  to  air  valve  No.  53;  then  15,500  feet  of 
24-inch  wrought-iron  riveted  pipe;  then  35,772  feet  of  24-inch  cast-iron  pipe  to 
Rush  Reservoir.  This  line,  now  called  conduit  No.  1,  was  first  tested  for  capac- 
ity when  new.  Quantity  was  determined  by  the  rise  in  Rush  Reservoir,  and  lev- 
els by  difference  in  elevation  of  water  surfaces  in  the  two  reservoirs.  (See  No. 
150  for  further  comment.)  Deductions  possible  apply  only  to  the  compound  line, 
as  local  losses  were  not  determined..  After  14.6  years  tests  were  again  made  and 
a  great  reduction  in  capacity  was  noted.  From  1897  to  1920,  many  tests  were 
made  at  varying  intervals,  on  the  reach  extending  from  Hemlock  Lake  to  air 
valve  53,  thus  covering  only  the  36-inch  pipe.  This  pipe  was  made  of  Ke-inch 
plates  and  coated  with  tar.  The  reach  had  at  least  60  abrupt  angles  or  elbows 
ranging  from  5°  to  40°  and  37  air  valves.  The  indicated  capacity  for  the  reaches 
of  conduit  No.  1  was  appreciably  below  that  called  for  by  the  writer's  formula. 

Nos.  40  and  41. — 38-inch  lap-riveted  steel  pipe — Conduit  No.  2,  Rochester,  N.  Y.  {101, 116) — Capacity 
+6.7  per  cent  for  1896  runs  and  +15.6  per  cent  for  1897  runs 

For  general  notes  on  the  Rochester  mains  see  No.  39.  In  1896  and  1897, 
E.  Kuichling  made  capacity  tests  at  various  velocities  for  a  reach  in  the  ' '  middle 
section"  of  the  new  conduit  nearly  9  miles  long.  This  pipe  was  constructed  in 
1893-94  of  }i  to  }i  inch  plates.  In  1896,  tests  were  conducted  by  timing  the 
rise  in  the  reservoir  over  periods  of  from  8  to  26  hours.  Allowance  was  made 
for  evaporation  and  leakage.  The  loss  of  head  was  measured  by  mercury  col- 
umns corrected  for  temperature.  The  resulting  values  of  Chezy's  C  are  not 
consistent,  and  Kuichling  calls  these  observations  "only  approximate."  For 
this  reason  the  observations  have  been  given  a  C  rating.  However,  similar 
tests  run  in  1897  are  described  as  "made  with  the  utmost  care"  and  it  is  noted 
that  the  retardation  factors  are  reasonably  consistent. 

No.  42. — 38-inch  lap-riveted  steel  pipe,  cylinder  joints,  southern  division,  conduit  No.  2,  Rochester, 
N.  Y.  {116;  144,  pp.  62,  66;  122)— Capacity  +9.3  per  cent 

See  pipe  No.  39  for  general  description  of  layout  of  Rochester  conduits.  This 
portion  of  conduit  No.  2,  from  White  Bridge  overflow  to  Rush  Reservoir,  17.3 
miles  long,  was  made  of  plates  one-fourth  to  three-eighths  inch  thick,  laid  in 
1893-94.  This  reach  was  gauged  by  the  water  department  of  the  city  of  Rochester 
once  or  oftener  each  year  from  1897  to  1920.  The  quantity  of  water  was  de- 
termined by  the  rise  in  the  reservoir  over  periods  ranging  from  3  to  12  hours. 
These  tests,  28  in  number,  showed  a  gradual  decrease  in  capacity.  In  order  to 
save  space  and  make  this  tendency  to  decrease  more  apparent,  these  tests  are 
grouped  (Table  1)  into  5-year  periods,  values  of  all  functions  and  retardation 
factors  being  averaged  after  the  latter  were  computed  for  each  individual  test. 
However,  in  Figure  7,  showing  the  deterioration  in  capacity  of  various  pipes, 
the  individual  values  are  plotted. 

No.  43. — 38-inch  lap-riveted  steel  pipe,  cylinder  joints,  northern  division,  conduit  No.  2,  Rochester, 
N.  Y.  {116;  144,  pp.  62,  65;  222)— Capacity  +4.2  per  cent 

See  pipe  No.  39  for  general  layout  of  Rochester  conduits.  This  portion  of 
conduit  No.  2,  from  Rush  Reservoir  to  Mount  Hope  Reservoir,  8.6  miles  long, 
of  plates  one-fourth  to  three-eighths  inch  thick,  was  laid  in  1893  and  1894. 
The  city  of  Rochester  made  periodic  gaugings,  27  in  number,  and  the  resulting 
data  are  grouped  as  described  under  No.  42  above.  The  duration  of  the  test 
periods  ranged  from  4  to  10.8  hours. 

No.  44. — 38-inch  lap-riveted  steel  pipe,  cylinder  joints,  northern  division,  conduit  No.  2,  Rochester, 
N.  Y.  {116;  144,  pp.  62,  6S)— Capacity  +5.8  per  cent 

See  pipe  No.  39  for  general  layout  of  Rochester  conduits.  This  portion  of 
conduit  No.  2,  from  Rush  Reservoir  to  Cobb's  Hill  Reservoir,  7.7  miles  long, 
was  made  of  plate  one-fourth  to  three-eighths  inch  thick.  During  the  period 
from  1912  to  1920,  the  city  of  Rochester  made  eight  gaugings  each  covering  a 
period  of  four  to  seven  hours.  The  resulting  data  are  placed  in  two  groups  as 
described  under  No.  42  above. 
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No.  45.— 42-inch  rireted-steel  pipe,  cylinder  Jointfr.  Bnll  Ran  conduit  No.  1,  Portland,  Oreg.   (160: 
116,  p.  503)— Capacity  +8  per  cent  in  1896  and  +22.4  per  cent  In  1915 

For  details  of  tests  by  I.  W.  Smith  see  No.  30  above.  The  42-inch  part  of 
the  line  was  constructed  of  metal  0.188,  0,234,  and  0.375  inch  thick.  In  August, 
1915,  another  test  of  this  portion  of  conduit  No.  1  was  made  by  F.  M.  Randlett. 
(No.  45a.)  The  line  was  then  21  years  old,  but  the  retardation  coefficients 
showed  little  increase  in  the  roughness  of  the  pipe.  The  indications  are  that 
the  water  conveyed  in  the  Portland  mains  is  distinctly  nonaggressive.  The 
writer  is  indebted  to  B.  S.  Morrow,  engineer  for  the  bureau  of  water  works  of 
Portland,  for  data  covering  the  test  by  Mr.  Randlett. 

No.  46. — 42-inch  lap-riveted  steel  pipe,  taper  joint — Kearney  extension,  Ncwarlf,  N.  J.  {86,  p.  33) — 

Capacity— 2.3  per  cent 

General  data  under  No.  58  apply  to  this  pipe  also.  This  line  was  55  per  cent 
of  M 6-inch  plate  with  the  balance  about  equally  divided  between  yi  and  Ys  inch 
plate.  Herschel  comments  to  the  effect  that  the  interior  coating  was  ''unusually 
smooth." 

Nos.  47  and  48. — 42-inch  iap-rivcted  steel  pipe,  taper  joint — conduit  No.  2,  below  Pompton  Notch, 
Newarlt,  N.  J.  {86) — Capacity  within  2  per  cent  of  formula 

Some  five  years  after  the  construction  of  conduit  No.  1  (No.  58)  a  second  pipe 
was  laid  alongside  it.  Above  Pompton  Notch  the  new  line  was  of  the  same  diam- 
eter, 48  inches,  but  below  the  notch  the  size  was  decreased  to  42  inches.  The 
type  of  construction  was  changed  from  cylinder  courses  to  taper  courses.  The 
42-inch  line  is  some  55  per  cent  of  ^^-inch  plate  and  the  balance  nearly  all  of 
Me-inch  plate.  Presumably  the  other  data  regarding  all  capacity  tests  and  coat- 
ing can  be  found  under  description  of  No.  58  on  page  108. 

No.   49. — 44-inch   taper-jointed   riveted-steel   pipe — Crystal   Springs   conduit,   Los  Angeles,   Calif. — 

Capacity  +5.5  per  cent 

This  pipe,  extending  from  Crystal  Spring  settling  basin  to  Buena  Vista  tunnel, 
a  total  length  of  approximately  16,900  feet,  was  laid  about  1889  to  supply  do- 
mestic water  to  the  city  of  Los  Angeles.  In  1918,  E.  A.  Bayley  conducted  tests 
for  retardation  losses  over  four  sections  of  this  line,  as  follows : 


Pipe 
No. 


498 
49b 
49c 
49d 


Location 


Settling  basin  to  manhole  No.  7 

Manhole  No.  7  to  manhole  No.  8 

Manhole  No.  8  to  manhole  No.  9 

Manhole  No.  9  to  manhole  No.  10 

Total,  settling  basin  to  manhole  No.  10. 


Feet 


491.1 
1, 654. 8 
1,  739.  6 
1,013.3 


4. 898. 8 


Remarks 


Perfectly  straight. 
A  few  bends. 


Throughout  the  reach  the  line  was  under  slight  pressure,  the  water  rising  in 
each  manhole  to  the  hydraulic  gradient.  Lines  of  checked  levels  were  run  be- 
tween ends  of  the  reach  and  bench  marks  established  directly  over  each  point 
of  observation.  Every  few  minutes  throughout  the  four  hours  of  test,  the  eleva- 
tion of  the  water  surface  in  the  manholes  was  determined  from  these  datum 
points.  The  surface  and  hence  the  flow  remained  quite  constant  throughout  the 
run,  the  greatest  variation  being  only  0.C4  foot,  and  this  in  but  one  reading.  The 
quantity  of  water  was  determined  by  24  sets  of  five  observations  each  with  a 
recently-rated  cup-type  current  meter. 

The  retardation  coefficients,  as  determined  from  these  observations,  are  riot 
consistent.  The  first  reach,  No.  49a,  was  too  short  for  a  good  test.  The  total 
loss  of  head  between  water  surfaces  included  entry  and  velocity  heads,  which 
involved  more  than  30  per  cent  of  the  total.  However,  these  items  as  measured 
checked  with  the  theoretical  entry  and  velocity  heads.  The  coefficients  for  this 
reach  indicate  the  smoothest  section  of  the  pipe.  Usually  the  initial  reaches  of 
pipe,  just  below  a  reservoir,  show  the  greatest  losses. 

More  weight  should  be  given  the  longer  reaches  of  pipe,  where  the  gross  loss 
of  head  overshadows  experimental  errors,  especially  as  measurements  of  los$ 
were  only  taken  to  the  nearest  hundredth  foot. 
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No.  50. — 44-inch  riveted-steel  pipe — San  Andreas  pipe  line — Spring  "Valley  Water  Co.,  San  Francisco, 
Calif.  {136) — Capacity  +15.2  per  cent 

See  No.  27  above  for  general  notes  on  the  LeConte  tests.  This  line  made  of 
^4-inch  iron  plates,  extending  from  San  Andreas  to  Baden,  a  distance  of  29,000 
feet,  was  laid  in  1898.     Test  was  made  on  a  portion  19,100  feet  long. 

No.  51. — 44-inch  riveted  laminated  wrought-iron  pipe — Crystal  Springs  pipe  line,  from  Millbrae  to 
Sierra  Point — Spring  Valley  Water  Co.,  San  Francisco,  Calif.   (i36)— -Capacity  +4.8  per  cent 

For  general  notes  on  the  LeConte  tests  see  No.  27  above.  The  quantity  of 
flow  was  measured  over  a  IS^-inch  weir  at  University  Mound  and  loss  of  head 
determined  with  tested  gauges  of  the  Bourdon  type.  This  line  was  18  miles 
long,  made  of  No.  6  and  No.  7  wrought-iron  plates,  and  was  laid  in  1885.  It 
still  gives  good  service  (1925). 

No.   52. — 44-inch  riveted  laminated  wronght-iron  pipe — Crystal  Springs  line,  from  Sierra  Point  to 
University  Mound — Spring  Valley  Water  Co.,  San  Francisco,  Calif.  {136) — Capacity  —6.6  per  cent 

For  general  notes  of  the  LeConte  tests  see  No.  27  above.  This  is  another 
part  of  the  18-mile  line  listed  above  (No.  51).  Although  the  two  parts  of  the 
line  are  of  the  same  age,  No.  52  shows  the  lesser  capacity. 

Nos.  53  to  57. — 47-inch  riveted-steel  pipe.  East  Jersey  Water  Co. — ^Various  portions  of  conduit  No.  1, 
below  Pompton  Notch,  Newark  Supply  Main  {86,  p.  27;  122,  p.  211) 

Description  is  similar  to  that  of  No.  58  below,  except  that  this  reach  of  16 
miles  is  less  broken  and  the  pipe  is  one  long  inverted  siphon,  all  below  the  gradient, 
but  crossing  two  high  hills.  Reach  No.  53  is  mostly  of  ^i-inch  plate.  About 
half  of  No.  54  is  three-eighths  inch  thick  and  a  third  one-fourth  inch  thick.  No. 
55  is  mostly  J'^-inch  plate.  Half  of  No.  56  is  >4-inch  plate  and  the  balance  of 
^6  and  %-inch  plate.  Two-thirds  of  No.  57  is  )4-inch  plate,  and  the  balance 
divided  between  Y\&  and  ^i  inch  plate. 

Eleven  years  after  the  tests  just  described  were  made  Thaddeus  Merriman 
experimented  upon  a  reach  of  the  same  line  about  9  miles  long  (57a) .  No  com- 
ment was  made  regarding  the  condition  of  the  pipe  interior  or  the  methods  of 
test,  but  they  are  probably  similar  to  those  mentioned  under  the  other  Merriman 
tests  of  this  water  system.     (See  No.  58.) 

A  study  of  the  last  column  in  Table  2,  for  this  series  of  numbers,  shows  that 
the  capacity  depreciated  about  in  accordance  with  formula  No.  12,  page  10, 
and  the  agreement  with  the  writer's  capacity  formula  is  quite  close  with  a  few 
exceptions. 

No.  58. — 48-inch  cylinder-joint,  lap-riveted  steel  pipe — Conduit  No.  1,  above  Pompton  Notch,  East 
i,  Jersey  Water  Co.,  Newark,  N.  J.  {85;  86,  p.  27;  122,  p.  208)— Capacity  at  151/2  years,  -13.9  per  cent 

Soon  after  the  completion  of  the  second  large  riveted  trunk  line  in  the  eastern 
part  of  this  country  (No.  39  was  said  to  be  the  first),  tests  were  conducted  by 
J.  Waldo  Smith,  then  assistant  to  Clemens  Herschel,  who  reported  these  and 
other  tests  to  the  total  number  of  115  (86).  The  line  was  constructed  of  lap- 
riveted  plates  from  one-fourth  to  three-eighths  inch  thick,  rolled  into  cylinders, 
alternately  larger  and  smaller,  which  were  dipped  in  asphalt.  Plate  edges  were 
beveled,  and  rivet  heads,  driven  in  both  shop  and  field,  were  well  formed.  All 
bends,  both  vertical  and  horizontal,  were  made  with  one  of  four  predetermined 
curves.  The  maximum  radius  was  that  of  a  10°  curve — 573  feet.  The  reach 
above  Pompton  Notch,  more  than  5  miles  long,  extended  from  station  0  to 
station  309.  The  major  portion  of  this  reach  was  experimented  upon  in  1892 
and  1896.  Smith  measured  the  flow  with  Venturi  meters  and  the  loss  of  head 
with  tested  gauges  of  the  Bourdon  type.  These  gauges  are  acceptable  for  very 
long  reaches  of  pipe  but  are  not  graduated  fine  enough  for  short  reaches. 

Eleven  years  after  tests  reported  by  Herschel,  an  additional  experiment  was 
made  by  Thaddeus  Merriman.  Nearly  the  same  reach  was  tested  (No.  58c). 
Quantity  was  measured  by  the  old  Venturi  meter,  after  the  throat  had  been 
cleared  of  deposits  of  organic  growth  from  one-eighth  to  three-fourths  inch 
thick. 

No.  59. — 48-inch  taper-joint  riveted-steel  pipe — Conduit  No.  2  (above  Pompton  Notch),  East  Jersey 
Water  Co.,  New  Jersey  {86,  p.  28;  122,  p.  210) — Capacity  when  new,  —6.1  per  cent;  when  15H  years 
old,  —12.6  per  cent 

For  general  description  of  tests  reported  by  Herschel,  see  No.  58  above. 
Reach  No.  59  was  put  in  use  in  1896,  parallel  to  conduit  No.  1  above.     Note 
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that  a  change  was  made  from  cylinder  to  taper  joints.  Since  this  test  and  No.  68 
were  both  made  on  new  pipes  of  about  the  same  size,  laid  parallel,  it  would 
appear  that  they  should  give  comparative  data  on  the  cylinder  and  taper  joints. 
If  the  average  values  of  retardation  factors  be  taken  at  face  value  it  appears 
that  the  pipe  with  taper  joints  carries  only  92  per  cent  as  much  water  as  the  pipe 
with  cylinder  joints.  However,  a  comparison  of  the  tests  made  in  1907  by 
Merriman  indicates  that  the  cylinder-joint  pipe  (No.  58)  is  shghtly  below  the 
taper-joint  pipe  (No.  59)  in  relative  capacity. 

Eleven  years  after  tests  by  Herschel,  listed  as  No.  59  above,  a  series  of  four 
tests  \v'as  made  by  Thaddeus  Merriman  (June  and  October  of  1907,  No.  59a). 
The  June  tests  covered  a  reach  of  28,535  feet  and  the  October  tests  a  reach  of 
24,641  feet.  The  pipe  was  very  rough,  the  tubercles  ranging  from  25  to  40  per 
square  foot.  The  deepest  pitting  was  about  one-sixteenth  inch.  Before  the 
tests  the  meter  was  cleaned  as  described  for  No.  58c. 

No.  60. — 52-inch  lap-riveted  pipe,  taper-Joint  siphon,  main  supply  conduit,  Los  Angeles  city  water 
worlts,  California — Capacity  +8.7  per  cent 

In  correspondence  with  the  writer,  J.  B.  Lippincott  reports  details  of  a  test  on 
a  siphon  in  the  main  supply  pipe  that  had  been  in  continuous  operation  for  5 
years  {112,  p.  81).  It  was  built  of  three-sixteenths-inch  plate  with  taper  joints, 
each  4  feet  long.  Straight  seams  were  double  riveted  and  girth  seams  single  riveted. 
The  pitch  of  the  flat-headed  rivets  was  l]4  inches.  Diameter  was  one-eighth  inch 
scant  at  lap  or  girth  seams.  The  developed  length  of  the  siphon  was  3,666  feet, 
with  a  maximum  sag  of  65  feet  below  the  hydraulic  gradient.  Loss  of  head 
between  water  surface  at  intake  and  outlet,  as  determined  by  checked  lines  of 
levels,  was  1.84  feet.  No  corrections  were  necessary  for  velocity  changes  or 
entry  head. 

No.  61. — 54-inch  riveted  laminated  wrought-iron  pipe — Alameda  pipe  line.  Spring  Valley  Water  Co., 
San  Francisco,  Calif.  {136) — Capacity  +5.1  per  cent 

See  No.  27  above  for  general  notes  of  the  LeConte  tests.  This  line,  of  nine- 
thirty-seconds-inch  plate,  was  laid  in  1903. 

No.  62. — 59-inch  riveted-steel  pipe — Munroe  penstock  No.  1,  Manroe  Mill,  Mass.  (122,  p.  202) — 

Capacity  —7.3  per  cent 

These  tests  were  made  on  a  Hne  described  by  Mills  as  the  "roughest  tar  coated 
plate  iron  pipe  which  the  writer  has  seen."  The  original  diameter  was  4.96  feet 
but  this  had  been  contracted  by  tubercles,  after  three  years,  to  4.925  feet.  The 
penstock  originally  was  coated  "with  some  coal-tar  preparation."  Mills  sup- 
pHes  no  description  of  plate  thickness,  method  of  jointing,  or  rivets.  Flush 
piezometers  set  200  feet  apart,  brought  water  columns  to  gauge  glasses  beside  a 
single  scale,  by  means  of  small  copper  tubes.  Quantity  was  measured  over  a 
weir  below  the  outlet.  The  results  of  this  series  of  tests  were  remarkably  con- 
sistent for  such  a  short  reach  on  a  large  pipe. 

No.  64. — 72-inch  taper-Jointed  riveted-steel  pipe  of  Jersey  City  Water  Co.,  New  Jeresy  (122,  p.  217) — 
Capacity  when  new,  +6.4  per  cent — at  2  years,  —2.7  per  cent;  at  5  years,  —15.6  per  cent;  and  at 
13  years,  —8.6  per  cent 

This  series  of  tests  was  made  on  a  reach  9.3  miles  long.  The  pipe  was  made  of 
plates  from  five-sixteenths  to  eleven-sixteenths  inch  thick,  with  one  longitudinal 
seam  double  riveted;  girth  joints,  from  6  to  7}i  feet  apart,  were  single  riveted. 
The  pipe  rings  were  dipped  horizontally  in  Gilsonite.  In  the  line  were  ten 
48-inch  gate  valves,  requiring  reducing  and  enlarging  tapers  between  sections 
of  standard  diameter,  also  22  horizontal  and  94  vertical  changes  in  direction. 
At  summits  were  28  air  valves  and  at  sags  15  blow-oflFs.  There  were  also  53 
manholes.  Tests  were  made  by  J.  Waldo  Smith  when  the  pipe  was  new  and  at 
various  times  thereafter  until  the  line  was  13  years  old.  The  quantity  of  flow 
was  measured  through  a  Venturi  meter  at  the  downstream  end  of  the  line.  The 
method  of  determining  loss  of  head  was  not  described. 

No.  65. — 72-inch  butt-jointed,  triple-riveted  steel  pipe — Penstock,  Halsey  power  house.  Pacific  Gas 
&  Electric  Co.,  Placer  County,  Calif.  (227)— Capacity  +5.3  per  cent 

In  1916,  tests  were  made  by  R.  A.  Monroe  on  the  Halsey  penstock  much  as 
were  those  described  for  the  Drum  and  Wise  plants.  For  description  of  piezo- 
meter rings  and  gauges  see  No.  68  below.  On  this  penstock,  however,  a  Venturi 
meter  was  available  for  the  measurement  of  quantity.  After  passing  the  meter 
and  reach  No.  66,  water  flows  through  a  butt-strap  pipe  of  which  a  reach  319.9 
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feet  long  was  chosen  for  test.  As  the  whole  penstock  was  new  and  the  same  meth- 
ods of  experimentation  were  used  on  both  No.  65  and  No.  66  a  direct  comparison 
of  butt-strap  and  lap-riveted  pipe  is  possible.  The  reaches  were  short  and  the 
retardation  factors  erratic  for  the  lower  velocities.  However,  for  those  above 
6  feet  per  second  the  average  value  of  Cu,  was  114.1  for  the  cylinder-joint,  lap- 
riveted  reach,  and  105.1  for  the  butt-jointed  reach  with  an  excessive  number  of 
rivet  heads  and  the  interior  butt  straps.  The  plate  thickness  was  three-eighths 
inch,  but  this  had  no  direct  influence  on  the  capacity,  as  in  the  lap-riveted  pipe. 
(See  No.  66  for  other  notes.) 

No.  66. — 72-inch  lap-jointed,  double-riveted  steel  pipe — ^Penstock,  Halsey  Power  house.  Pacific  Gas 
&  Electric  Co.,  Placer  County,  Calif.  (127)— Capacity  +8.9  per  cent 

In  1916  tests  by  R.  A.  Monroe  were  made  on  Halsey  penstock,  similar  to  those 
on  the  Drum  and  Wise  penstocks.  For  description  of  piezometer  ring  and  gauges, 
see  No.  68.  On  this  penstock,  however,  a  Venturi  meter  was  available  for  the 
measurement  of  quantity.  A  series  of  11  flows  at  velocities  from  2.3  to  11.7 
feet  per  second  gave  a  most  acceptable  set  of  tests,  especially  as  it  is  stated  that 
proper  correction  was  made  for  difference  in  temperature  between  the  water 
in  the  penstock  and  that  in  the  static  line.  This  reach  was  583.4  feet  long  and 
contained  three  bends — one  horizontal  and  two  vertical.  Plate  thickness  varied 
from  one-fourth  to  three-eighth  inch.  This  line  was  new  at  time  of  test.  The 
tested  reach  was  on  the  final  steep  slope  leading  to  the  power  house.  Beyond 
the  lower  ring  the  water  entered  the  butt-strap  pipe  of  the  same  size  (No.'  65). 
Two  coats  of  a  special  graphite  were  brushed  on  both  inside  and  outside  of  this 
penstock.  It  was  designed  by  use  of  Williams-Hazen  formula,  with  C«,=  100. 
The  observed  values  are  erratic  for  velocities  below  6  feet  per  second.  For  the 
higher  velocities  the  average  value  of  C«,  for  this  new  pipe  was  about  114. 

No.  67. — 72-inch  butt-jointed,  triple-riveted  steel  pipe — Penstock,  Drum  power  house,  Pacific  Gas 
&  Electric  Co.,  Placer  County,  Calif.  (127)— Capacity  +6.6  per  cent 

Simultaneous  with  the  tests  described  as  No.  68  below,  identical  tests  were 
conducted  by  Mr.  Monroe  on  the  new  butt-strap  pipe.  A  reach  423.9  feet  long 
was  chosen  along  a  relatively  straight  portion  of  the  line.  The  same  type  of 
equipment  was  used  and  losses  were  determined  for  the  same  flows  and  one 
additional.  These  simultaneous  tests  indicated  that  the  loss  of  head  caused  by 
the  excessive  number  of  rivet  heads  through  the  butt  straps  more  than  offset 
that  at  the  enlargements  and  contractions  of  lap-riveted  joints  where  fewer 
rivets  were  used.  This  reach  is  part  of  the  same  penstock  and  is  painted  as  was 
No.  68.  The  indicated  capacity  agreed  fairly  well  with  that  of  No.  65,  which  is 
a  comparable  pipe.  However,  the  range  of  velocities  for  No.  67  did  not  include 
any  beyond  about  3  feet  per  second,  while  the  results  of  tests  on  No.  65  did  not 
become  stable  until  a  velocity  of  6  feet  was  reached. 

No.  68. — 72-inch  lap-jointed,  double-riveted  steel  pipe — Penstock,  Drum  power  house.  Pacific  Gas 
&  Electric  Co.,  Placer  County,  Calif.  (127) — Capacity  +20.6  per  cent 

In  1916  a  single  penstock  served  the  Drum  power  house.  It  consisted  of  a  72- 
inch  lap-jointed  pipe  for  3,341.6  feet;  then  795  feet  of  butt-strap  pipe  of  the  same 
nominal  size.  This  penstock  was  given  one  shop  coat  of  green  graphite  and  a 
field  coat  of  black  graphite,  both  coats  being  brushed  on.  Immediately  after 
construction,  R.  A.  Monroe  made  tests  on  the  first  sag  of  the  penstock,  1,489.6 
feet  in  length  of  reach.  Piezometers  were  connected  to  the  pipe  at  four  points 
on  the  circumference.  These  piezometers  were  attached  to  a  2-inch  air  pipe 
paralleling  the  penstock.  At  the  lower  ring  a  differential  gauge,  containing  car- 
bon tetrachloride,  served  to  indicate  the  loss  of  head  between  rings.  The  quan- 
tity of  flow  was  determined  by  measuring  the  fall  of  water  surface  in  the  forebay, 
with  corrections  for  predetermined  seepage  loss  and  rainfall.  This  penstock 
was  designed  by  the  use  of  Williams-Hazen  formula,  using  a  value  of  C'„,=  100. 
If  the  two  observations  at  velocities  less  than  about  3  feet  per  second  can  be  con- 
sidered indicative  the  value  of  C^,  when  the  pipe  was  new  was  about  130.  The 
results  of  these  tests  should  be  used  with  caution. 

No.  69  and  69a. — 72Vi-inch  double  butt-strap,  triple-riveted  pipe — Penstock,  Pioneer  Electric  Power 
Co.,  Ogden,  Utah  (70,  116,  117) — Capacity  when  new  +2.6  per  cent;  when  2  years  old,  —2.5  per 
cent 

One  of  the  first  large  riveted-plate  pipes  built  in  the  West  serves  a  power  plant 
at  the  mouth  of  Ogden  Canyon,  Utah.     The  main  conduit  is  31,600  feet  long  of 
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which  27,000  feet  is  wood-stave  pipe,  72>4  inches  in  diameter,  between  reservoir 
and  surge  chamber;  4,600  feet  is  a  riveted  steel  penstock  averaging  72>i  inches 
in  diameter.  Soon  after  its  completion  in  1897  Professors  Marx,  Wing,  and  Hos- 
kins  of  Stanford  University  tested  the  retardation  losses  in  both  stave  and  steel  por- 
tions of  the  line.  Results  for  the  stave  portion  were  entirely  unexpected  and  with- 
out precedent.  Tests  were  repeated  in  1899  but  with  approximately  the  same 
results  (162).  Practically  the  entire  length  of  the  portion  of  the  steel  line  tested 
consisted  of  riveted  pipe,  straight  in  plan  view  but  with  profile  broken  by  13 
vertical  elbows  of  30  feet  radius  and  one  of  40  feet.  Joints  abutted,  with  longi- 
tudinal straps  both  inside  and  out.  Plates  were  from  three-eighths  to  eleven- 
sixteenths  inch  thick,  with  one-sixteenth  inch  increments.  Sections  were  9  feet 
2  inches  long,  shop  riveted  and  then  dipped  in  a  mixture  of  grade  C,  California 
asphalt  and  natural  liquid  asphalt  maltha.  The  process  of  dipping  took  nearly 
one  hour  per  section,  but  gave  good  results.  Slow  withdrawal  developed  a  smooth 
glossy  coat  with  very  few  wrinkles.  Obstructions  to  flow  consisted  of  six  straight 
and  four  girth  rows  of  low  cone  rivet  heads  and  a  continuous  band  of  interior 
strap  16  inches  wide  and  three-eighths  to  one-half  inch  thick  along  the  top  of  the 
pipe.  Loss  of  head  was  determined  by  mercury  gauges  of  pot-and-column  type. 
Quantity  of  water  was  measured  with  a  Venturi  meter.  Enough  points  were 
observed  to  justify  the  consideration  of  these  experiments  among  the  best  for 
this  type  of  pipe. 

For  velocities  below  2  feet  per  second  the  results  of  the  tests  are  very  erratic, 
hence  only  the  observations  at  velocities  above  2  feet  per  second  were  considered 
in  arriving  at  the  equations  for  the  pipe  flow  and  in  computing  average  values. 

No.    70. — 77-inch   lap-Jointed   riveted-steel   pipe — Munroe   penstock    No.    2,    Essex   Co.,   Lawrence, 
Mass.  (122.  p.  198)— Capacity  +3.1  per  cent 

This  line  was  constructed  in  1881  of  cylindrical  plates  three-eighths  inch  thick. 
The  joints  were  lapped  and  riveted.  The  pipe  was  coated  with  asphalt  which 
appeared  to  be  effectual  in  retarding  tuberculation  but  which  acquired  a  coating 
of  slime  and  a  few  patches  of  sponge.  Tests  by  H.  F.  Mills  from  time  to  time 
from  1888  to  1895  indicate  deterioration  according  to  the  formula 

fl^=0.0412  (1-1-0.17-^)  y,  where  t  is  time,  in  years  of  age. 

Details  of  these  tests  were  not  given  by  Mr.  Mills. 

In  1896  the  penstock  was  repainted  with  coal-tar  pitch  "that  did  not  harden 
well  but  remained  for  a  time  sticky  to  the  touch."  This  painting  was  done  after 
the  pipe  had  been  brushed  but  not  scraped.  According  to  Mr.  Mills*  tests  made 
after  an  interval  of  three  days  indicated. 

i7=0.0547  7« 

and  other  tests  made  from  time  to  time  until  1903  showed  the  coefficient  to  in- 
crease up  to  0.069  or  a  deterioration  of  nearly  13  per  cent.  Seven  years  after 
the  pipe  was  repainted  the  series  of  tests  listed  as  No.  70  were  made. 

For  the  capacity  tests  mentioned,  the  quantity  of  flow  was  measured  over  a 
weir  below  the  pipe  outlet.  Flush  piezometers  were  set  on  the  pipe  150  feet 
apart  and  connected  by  copper  pressure  pipes  to  glass  tubes  placed  near  a  single 
scale.  The  reach  is  very  short,  but  Mills  was  in  a  position  to  make  careful 
piezometer  connections. 

No.  71. — 84-inch  riveted-steel  pipe — Flow  line  to  Big  Creek  No.  1  power  house.  Southern  California 
Edison  Co.,  Cascada,  Calif. — Capacity  -1.6  per  cent 

Water  from  Huntington  Lake  flows  through  0.73  mile  of  12-foot  tunnel  and 
9-foot  conduit  before  reaching  the  7-foot  pipe  tested  by  H.  L.  Doolittle.  Gauges 
were  installed  over  a  reach  6,410  feet  long.  No.  1  being  located  on  the  lower  end 
of  the  9-foot  pipe  just  above  the  taper  section,  and  No.  2  on  the  7-foot  pipe  a 
short  distance  above  a  valve  into  the  steep  penstock.  The  computations  were 
corrected  for  difference  in  velocity  heads  in  the  two  sizes  of  conduit.  This  line 
was  10  years  old  at  the  time  of  test.  Longitudinal  joints  were  double  riveted 
and  girth  joints  single  riveted.  It  was  factory-painted  with  two  coats  of  hot 
mineral  asphalt. 
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No.  72. — 84-inch  lap-jointed,  double-riveted  steel  pipe — ^Penstock,  Wise  power  house.  Pacific  Gas 
&  Electric  Ck).,  Placer  County,  Calif.  (127,  21) — Capacity  +0.6  per  cent 

Within  a  year  after  completion  of  this  line  R.  A.  Monroe  conducted  a  series  of 
tests,  comprising  four  flows  at  velocities  from  3.4  to  8.3  feet  per  second.  These 
tests  were  made  on  three  sections  of  the  84-inch  penstock,  having  different  types 
of  riveting.  (See  Nos.  73  and  74  below.)  This  reach  and  No.  73  included  the 
last  part  of  reach  No.  76,  tested  by  the  writer  two  years  later.  Four  piezometer 
rings  were  installed  on  the  line.  This  reach  is  located  between  rings  1  and  2, 
ring  2  being  the  upper  end  of  the  next  reach;  and  so  on.  The  quantity  of  flow 
was  measured  with  a  Venturi  meter  located  near  the  upper  end  of  the  penstock. 
Loss  of  head  was  determined  by  a  differential  gauge  set  up  between  the  two  rings 
of  each  reach.  Carbon  tetrachloride  was  used  in  a  U-tube  to  indicate  the  dif- 
ference in  pressure  or  friction  loss  between  the  two  rings.  This  reach  was  744.7 
feet  long,  made  of  plates  seven-sixteenths  inch  thick,  with  cylinder  joints,  double 
riveted.  The  steel  portion  of  the  penstock  was  given  two  coats  of  graphite  paint, 
inside  and  outside.  The  steel  penstock  was  designed  by  the  use  of  the  Wiliiams- 
Hazen  formula,  with  0^=100.  The  average  value  of  Cw  found  when  the  pipe 
was  new  was  106,  which  did  not  leave  much  margin  for  deterioration.  (See 
No.  76.) 

No.  73. — 84-inch  lap-jointed,  single-riveted  steel  pipe — Penstock  Wise  power  house.  Pacific  Gas  & 
Electric  Co.,  near  Auburn,  Calif.  {127,  21) — Capacity  -\-7  per  cent 

This  reach,  between  rings  2  and  3,  was  immediately  below  No.  72.  It  con- 
sisted of  768  feet  of  single-riveted  pipe  of  plates  three-eighths  inch  thick.  (See 
No.  72  for  general  description  of  this  penstock  and  methods  of  test.) 

No.  74. — 84-inch  butt-jointed,  triple-riveted  steel  pipe — Wise  power  house.  Pacific  Gas  &  Electric 
Co.,  Placer  County,  Calif.  (127,  21) — Capacity  +3.4  per  cent  for  No.  75 

This  reach  adjoined  No.  73.  It  was  1,070.6  feet  between  piezometer  rings  3 
and  4.  Plates  were  from  three-eighths  to  seven-sixteenths  inch  thick.  The  pipe 
rings  were  all  of  the  same  size,  ends  and  edges  abutting.  However,  the  excessive 
number  of  rivets  through  the  butt  straps  caused  greater  retardation  loss  than 
would  be  found  in  a  similar  pipe  with  lap  joints.  (See  No.  72  for  general  state- 
ments and  methods  of  tests  for  this  pjenstock.) 

The  series  indicates  a  higher  capacity  for  this  butt-strap  pipe  than  is  usually 
found. 

No.  75  covers  tests  on  reaches  72,  73,  and  74  when  combined,  for  comparison 
with  No.  76.  When  new  this  long  reach,  classed  as  lb  had  an  excess  capacity. 
Note  its  deterioration  in  the  following  two  years.     (See  No.  76.) 

No.  77. — 103-inch   lap-riveted   wrought-iron  pipe,  cylinder  joints,  Holyoke    testing    flume,    Massa- 
chusetts. {86,  p.  29;  122,  p.  200)— Capacity  +9.4  per  cent 

In  connection  with  the  turbine-testing  laboratory  at  Holyoke,  there  is  a  riveted 
wrought-iron  pipe  153  feet  long.  Herschel  reports  tests  he  made  on  this  short 
pipe,  in  1887.  This  line  was  constructed  in  1881  with  cylinder  joints,  three 
plates  of  3^-inch  metal  to  the  course.  At  the  time  of  test,  when  the  pipe  was  5 
years  old,  little  if  any  of  the  original  coat  remained.  Herschel  says  "it  was 
rather  rusty  inside  although  not  affected  with  the  tubercular  disease  which  is  the 
bane  of  cast-iron  pipe."  This  statement  senses  the  misunderstanding  that  ex- 
isted up  to  the  time  of  the  1890  Rochester  tests,  that  wrought-iron  and  steel 
pipes  were  not  subject  to  tuberculation.  Herschel  gave  his  experiments  upon 
this  pipe  a  B  rating.  The  writer  believes  that  his  results  show  remarkable  con- 
sistency when  the  extremely  short  reach  of  pipe,  compared  to  the  large  diameter, 
is  considered. 

No.  78. — 108-inch  cylinder-jointed  riveted-steel  pipe — ^Flow  line.  Oak  Grove  plant,  Portland  Electric 
Power  Co.,  Oregon  {3,  138) — Capacity  +8.8  per  cent 

In  connection  with  turbine  efficiency  tests  of  unit  No.  1,  D.  W.  Proebstel  de- 
veloped data  enough  to  indicate  satisfactorily  the  losses  in  the  9-foot  pipe  line 
between  the  reservoir  intake  and  the  surge  tank  above  the  steep  power  drop. 
Through  the  courtesy  of  Chief  Engineer  C.  O.  Dunn  and  Mr.  Proebstel  these 
data  were  reported  to  the  writer  for  this  bulletin.  From  the  intake  to  the  surge 
chamber  the  conduit  consisted  of  a  concrete  duct  12  feet  4  inches  diameter,  1,340 
feet  in  length,  then  the  steel  pipe,  9  feet  in  diameter  and  33,920  feet  long,  then 
a  tunnel  14  feet  in  diameter  extending  262  feet  to  the  surge  tank.  The  pipe  line 
was  built  of  steel  plates  from  nine  thirty-seconds  to  eleven-sixteenths  inch  in  thick- 
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PLATE  5 


A.— A  pump  line  for  irrigation  near  Phoenix,  Ariz.  Taper  Joints,  seamed  with  countersunk 
rivets. 

B.— Oak  Grove  No.  S^pt-nstock,  Oregon.  (Pii)e  No.  78.)  Caniora  gives  synchronized  readings 
of  piczomctor  columns  (left)  and  i)itoniotcr  cohmin.s  (middle). 

C— Supply  line.  Bend,  Oreg.  (Pipe  No.  312.)  A  full  welded  pipe  14  inches  in  diameter,  reason- 
ably straight  in  alignment. 
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Plate 


A. — Triple-riveted  butt  strap  pipe.    Note  excessive  number  of  rivet  heads  obstructing  the  flow  of 

water.    Butterfly  valve  shown  in  closed  position. 
B.— Experimental  lines,  bell  and  spigot  joint  pipe  (see  Nos.  302,  304,  310).  Note  piezometer  rings. 

in  foreground.    Hammer- weld  pipe  shown  in  stacks. 
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The  shop  units  were  33  feet  long;  in  five  rings,  cylinder  jointed  with  single 
rows  of  rivets  in  both  longitudinal  and  girth  seams.  The  field  joints  were  similar 
riveted  girth  seams.  As  shown  in  Plate  5,  B  stiffeners  were  used  where  the  plate 
thickness  was  less  than  three-eighths  inch. 

Before  leaving  the  shop  the  pipe  was  painted  with  red  lead;  in  the  field  it  was 
again  painted  with  graphite. 

Proebstel  made  10  observations  in  May,  1925,  after  the  plant  had  been  in 
operation  10  months.  His  determinations  of  quantity  of  flow  were  made  by  a 
system  of  multiple  Pitot  and  piezometer  orifices  (138,  p.  77.)  An  X-tube  struc- 
ture was  installed  in  the  pipe.  In  each  of  the  legs  of  the  X  were  10  Pitot  orifices 
reflecting  the  pressure  heads  plus  velocity  heads  for  equal-area  zones  across  the 
section  of  the  pipe.  Piezometer  orifices  at  each  side  and  at  the  top  of  the  pipe 
gave  the  pressure  head  alone.  (See  three  columns  at  left  in  pi.  5,  B.)  Each  orifice 
was  connected  by  pressure  tubing  to  a  gauge  glass  set  over  a  graduated  back- 
ground. Simultaneous  readings  on  all  glasses  were  eff'ected  by  use  of  a  camera. 
The  apparatus  is  shown  on  the  pipe  in  plate  5,  B. 

The  friction  loss  in  the  steel  pipe  was  taken  as  the  difference  in  water  levels  at 
intake  and  surge  tank,  less  50  per  cent  of  the  velocity  head  for  the  velocity  in  the 
steel  pipe  and  also  deducting  the  loss  in  the  large  concrete  duct.  For  the  maxi- 
mum flow  this  total  deduction  comprised  only  2.5  per  cent  of  the  total  fall.  Any 
error  in  the  assumptions  was  negligible. 

No.  79. — 129-inch  triple-riveted  steel  pipe,  butt-joints — Penstock,  Pit  No.  1,  power  plant  Pacific  Ga8& 
Electric  Co.,  Shasta  County,  Calif.  (124)— Capacity  +22.4  per  cent 

In  1922  Roy  Wilkins  made  a  series  of  tests  for  the  company  on  the  various  types 
of  pipe  constituting  the  penstocks  of  the  Pit  River  plant.  This  particular  reach 
consisted  of  a  straight  section  of  large  pipe,  made  up  of  steel  plates  seven-six- 
teenth inch  thick,  butt-strap  joined  and  triple  riveted.  While  this  reach  was 
short  the  velocities  were  relatively  high.  See  No.  228  for  methods  and  equip- 
ment. The  capacity,  if  truly  indicated  by  two  observations  at  high  velocities, 
is  far  above  that  of  any  other  butt-strap  pipe  listed. 

GIRTH-RIVETED    PIPE   OR   SCREW-JOINT   PIPE 

No8.  202,  204,  206,  208,  210.— Screw-joint  pipe— Experimental  lines.  New  Hampshire  {122,  p.  125)— 
Capacity  from  +1.2  to  +2.9  per  cent 

In  1892  John  R.  Freeman  made  a  series  of  tests  on  short  lengths  of  lap- welded 
screw-joint  pipe.  Complete  descriptive  notes  are  in  Table  1.  The  relative  capac- 
ity of  the  old  pipe  (No.  202)  was  not  computed  as  the  age  was  not  given,  but  the 
interior  must  have  been  in  a  very  bad  condition.  Straight  experimental  lines 
nearly  always  yield  test  results  better  than  should  be  anticipated  in  practice. 

No.    211. — 9-inch    welded    rolled-steel    "line   pipe" — Screw-couplings,   Toconce   line,   Chile    {11) — 

Capacity  +2.2  per  cent 

After  construction  of  a  98-kilometer  water-supply  conduit  across  high  desert 
country  to  serve  a  copper-mine  camp  with  domestic  water,  capacity  tests  were 
made  on  the  first  6  kilometers  below  the  supply  springs.  These  experiments 
and  general  data  on  the  line  were  reported  by  G.  H.  Bayles.  The  conduit  through- 
out the  reach  tested  was  constructed  of  standard  "line  pipe"  of  nominal  9-inch 
size.  This  has  an  actual  inside  diameter  of  8.94  inches.  The  joints  in  this  kind  of 
pipe  are  formed  by  screw  threads  inside  of  sleeve  couplings.  The  threads  taper 
so  that  there  is  a  length  of  six  or  eight  threads  exposed  on  the  inside,  even  after 
the  units  are  tightly  joined.  The  protective  coating  for  this  line  was  not  speci- 
fied. Unit  lengths  were  set  at  20  feet  as  a  standard  for  computation  but  random 
lengths  were  shipped. 

The  capacity  tests  were  made  just  after  the  line  was  finished.  Quantity  was 
measured  through  a  Venturi  meter  and  also  over  a  weir  at  the  head  of  the  line. 
Loss  of  head  was  measured  by  pressure  gauges.  As  the  total  loss  ranged  from 
about  35  feet  for  the  lowest  velocity  to  about  103  feet  for  the  highest  velocity  it 
is  apparent  that  the  tests  are  reasonably  acceptable,  even  taking  into  account 
the  fact  that  close  reading  is  not  possible  on  the  ordinary  pressure  gauge.  In 
the  article  from  which  these  data  are  taken  the  tabular  figures  for  loss  of  head  are 
not  given  but  the  platted  points  were  scaled  from  a  diagram.  Because  of  the 
lack  of  consistency  in  the  lower  velocities  and  the  necessity  for  scaling  basic 
figures,  the  data  are  given  only  a  C  rating  for  the  three  low  points,  but  a  B  rating 
for  the  three  very  consistent  high  points, 

62210**— 30 8 
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No.  212. — 10-inch  wrought-steel  screw  pipes — Morenci,  Ariz,  supply  line  (,45) — Capacity  —2.1  per  cent 

In  1908  new  triple  pipe  lines  were  built  to  supply  water  to  the  town  of  Morenci 
for  domestic  and  mining  purposes.  The  lines  were  notable  because  of  being  sub- 
ject to  a  maximum  pressure  head  of  1,700  feet  in  a  single  pumping  lift.  The 
three  lines  were  laid  side  by  side,  from  the  pumping  plant  to  storage  tanks  about 
5  miles  away  and  1,525  feet  higher.  All  pipe  was  of  wrought  steel.  The  sections 
were  threaded  for  2,%  inches  with  standard  threads  and  screwed  together  with 
recessed  line  couplings.  This  description  would  place  this  pipe  in  class  2.  The 
items  in  Table  1  under  No.  212  are  based  on  the  following  statement  by  W.  L. 
DuMoulin  (45): 

When  pumping  through  a  10-inch  line,  at  the  rate  that  represents  1,000  gallons  of  actual  water  per  minute, 
the  total  head  amounts  to  1,700  feet.  This  makes  the  friction  head  about  175  feet  in  25,650  feet  of  smooth, 
screwed,  wrought-steel  pipe;  or  6.82  feet  of  friction  head  per  1,000  feet  of  length. 

In  recent  correspondence  with  the  writer  Mr.  DuMoulin  gives  the  following 
additional  information : 

Special  care  was  taken  to  check  up  the  accuracy  of  the  data  given.  The  valves  in  one  pump  were  carefully 
overhauled  and  so  were  in  good  condition.  The  plungers  had  been  in  service  but  a  short  time.  Water- 
pressure  gauges  had  been  tested.  The  amount  to  be  allowed  for  slippage  and  leakage  had  been  determined 
by  a  series  of  tests.  The  water  leaving  the  storage  tank  at  Morenci  was  metered  by  a  Venturi  meter.  The 
particular  pump  was  operated  at  a  uniform  rate  for  about  eight  hours  so  that  it  delivered  water  at  a  rate  of 
1,000  gallons  of  actual  water  per  minute  through  one  of  the  10  inch  pipe  lines,  into  one  of  the  storage 
tanks  at  Morenci.  The  necessary  information  was  taken  to  determine  the  actual  quantity  of  water 
dehvered  into  the  storage  tank  which  amount  was  also  checked  by  the  Venturi.  This  special  run  was 
made  to  check  up  the  data  to  be  published  so  that  it  would  be  as  reliable  as  it  might  be  feasible  to  obtain. 

No.  214. — 16-inch  (outside  diameter)  lap-welded  steel  pipe,  Glenwood  Springs,  Colo.  (143) — Capacity 

+38.1  per  cent 

The  trunk  line  of  Glenwood  Light  &  Water  Co.,  serving  Glenwood  Springs, 
was  tested  after  22  years  use.  Pipe  was  16  inches  in  outside  diameter,  of  lap- 
welded  steel;  inside  diameter  was  15)^  inches.  The  line  was  6,229  feet  long,  of 
which  the  first  640  feet  was  spiral-riveted  steel  pipe  full  16  inches  in  diameter. 
The  alignment  was  free  from  sharp  curves  and  well  below  the  hydraulic  gradient 
at  all  places.  The  pipe  was  laid  in  1888  and  tested  in  1910.  The  elements 
follow:  Quantity  was  determined  by  progressive  fall  in  three  wood-stave  tanks 
at  the  upper  end  of  the  line.  Simultaneously,  recently  checked  pressure  gauges 
were  read  at  the  power  house  at  lower  end  of  the  line.  Gross  loss  of  head  between 
water  surface  in  the  tanks  and  the  power  house  was  corrected  for  entry  and 
velocity  heads,  leaving  a  net  average  loss  due  to  friction,  of  128.4  feet  for  the 
total  distance  of  6,229  feet.  The  average  velocity  during  the  25-minute  run 
was  computed  as  11.38  feet  per  second — a  velocity  so  high  that  experimental 
errors  and  any  question  as  to  reliability  of  gauge  were  reduced  to  a  minimum. 
Interior  examination  "showed  the  pipe  to  be  very  smooth  on  the  inside  and 
little  corroded  on  the  outside."  In  computing  the  retardation  factors  for  the 
welded  pipe  the  loss  through  the  spiral-riveted  pipe  was  first  deducted,  an  arbi- 
trary coefficient  of  110  in  the  Williams-Hazen  formula  being  used.  Any  reason- 
able assumption  would  have  resulted  in  about  the  same  values  for  the  welded 
pipe.  The  high  velocity  in  this  line  evidently  produced  a  pohshed  condition  as 
the  capacity  found  was  far  better  than  should  be  expected  of  a  pipe  22  years 
old.  If  the  high  velocity  can  be  assumed  to  maintain  an  interior  surface  as  good 
as  that  of  a  new  pipe  of  this  type,  the  capacity  is  still  excessive  by  16.1  per  cent. 

No.  218. — 36-inch  lock-bar  steel  pipe — Montreal  Water  &  Power  Co.,  Montreal,  Canada — Capacity 

+13.4  per  cent 

In  correspondence  with  the  manufacturers  of  the  pipe,  the  Montreal  Water  & 
Power  Co.  reported  tests  of  capacity  on  the  36,000  foot  lock-bar  conduit  con- 
structed in  1907,  1908,  and  1909.  Water  was  pumped  into  this  line  and  measured 
through  a  Venturi  meter.  During  a  period  of  steady  flow  for  three  hours  the  loss 
of  head  shown  by  recording  gauges  was  28.27  feet.  The  gauges  were  compared 
,with  a  gauge  tester  both  before  and  after  the  run.  During  this  test  11,800 
gallons  per  minute  were  carried  through  the  first  12,000-foot  line  where  2,333 
gallons  per  minute,  as  measured  by  a  Venturi  meter,  were  diverted.  Thus  for 
the  remaining  distance  the  flow  was  9,467  gallons  per  minute.  With  this  in- 
formation a  common  value  for  the  friction  factors  was  computed  which  would 
satisfy  the  flow  in  both  reaches  of  pipe  and  agree  with  the  total  loss  of  head  for 
the  two  reaches.  The  results  agreed  fairly  well  with  the  runs  on  the  Bull  Run 
No.  2  and  No.  3  pipes  in  Portland,  Oreg.  (Nos.  225  and  226),  but  showed  much 
better  capacity  than  the  Rochester  lines  (Nos.  220  and  222).     It  is  difl&cult  to 
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compare  this  line  when  3  years  old  with  the  Springfield  line  (No.  224)  when  17 
years  old. 

No.  220.— 37-inch  lock-bar  steel  pipe— Condalt  No.  3,  Rochester.  N.  Y.  (144,  pp.  62,  7<>)— Capacity 
when  new  —6.6  per  cent;  when  8  years  old,  —7.8  per  cent 

See  description  under  No.  39  for  general  layout  of  the  Rochester  main  pipes. 
Conduit  No.  3  extending  from  overflow  No.  1  (2)^  miles  north  of  Hemlock 
Lake)  to  Rush  Reservoir  and  Pinnacle  Avenue  tee,  is  composed  of  7.75  miles  of 
37.0&-inch  cast-iron  pipe  constructed  in  1914  and  17.75  miles  of  37-inch  lock-bar 
steel  pipe  of  plate  one-fourth  inch  thick  completed  in  1918.  It  contains  4  valves 
and  10  vertical  and  20  horizontal  curves,  totaling  3,947  feet  in  length.  The  1920 
report  of  the  department  of  engineering  of  Rochester  {144)  gave  results  of  obser- 
vations over  periods  of  from  four  to  five  hours  taken  in  the  fall  of  1918,  1919,  and 
1920.  In  correspondence  with  the  writer,  I.  E.  Matthews,  in  charge  of  the 
system,  furnished  data  on  an  observation  in  October,  1926.  These  data  indicated 
a  pipe  when  new  as  21  per  cent  inferior  in  capacity  to  the  average  of  the  Montreal 
and  Portland  lines  (Nos.  218  and  226),  and  the  deterioration  in  capacity  as  shown 
by  the  progressive  gaugings  was  some  8  per  cent  in  8  years.  It  should  also 
be  noted  that  the  gauging  when  the  line  was  2  years  old  indicated  a  capacity  in 
excess  of  that  when  the  line  was  new.  Another  comparison  is  that  the  line  when 
new  showed  only  about  the  capacity  of  the  Springfield  line  (No.  224)  when  17 
years  old. 

No.  222. — 37-inch  lock-bar  steel  pipe — Conduit  No.  3,  Rochester.  N.  Y.  {144,  pp.  62,  70) — Capacity 
when  2  years  old  —12.9  per  cent;  when  8  years  old,  —13.4  per  cent 

See  description  under  No.  39  for  general  layout  and  No.  220  for  additional 
details.  Between  Rush  Reservoir  and  Cobb's  Hill  Reservoir  there  was  a  line 
composed  of  8,336.5  feet  of  36-inch  cast-iron  and  42,134.2  feet  of  lock-bar  steel 
pipe.  This  was  part  of  conduit  No.  3,  finished  in  1918.  The  1920  report  men- 
tioned above  {144)  contained  record  of  a  test  for  capacity  in  1920  when  the  line 
was  2  years  old,  and  I.  E.  Matthews,  in  correspondence  furnishes  a  report  of  a 
test  on  December  1,  1926.  Each  of  these  observations  extended  over  a  period 
of  three  hours.  There  were  33  horizontal  deflections  averaging  2°  08'  each,  and 
108  vertical  deflections  average  1°  53'  each;  three  36-inch  valves,  ouq  tee  and 
784.6  feet  of  cast-iron  pipe.  This  line  showed  an  excessive  loss  of  head  for  this 
type  of  pipe.  The  1926  test  indicates  that  this  line  has  approached  the  Wilkes- 
Barre  pipe  (No.  216)  in  deterioration  of  capacity. 

No.  224.— 42-inch  lock-bar  pipe.  West  Parish  filters  to  Provin  Mountain  reservoir,  Springfield,  Mass. — 

Capacity  +8.7  per  cent 

In  recent  correspondence  with  the  writer,  E.  E.  Lochridge,  chief  engineer  of  the 
municipal  water  works  of  Springfield,  submitted  the  results  of  tests  on  a  reach  of 
42-inch  pipe  39,053  feet  long.  The  pipe  was  the  lock-bar  type  in  units  30  feet 
long,  with  taper  joints,  single  riveted  between  units;  each  unit  shop  dipped 
vertically  in  pitch.  The  interior  was  apparently  in  excellent  condition  on  the 
last  partial  inspection  in  1926.  The  pipe  was  put  in  service  about  January  1, 
1910.  The  experiments  were  conducted  on  March  31,  and  April  10,  1926,  by 
J.  B.  Porter,  and  the  computations  worked  up  by  Allen  Hazen.  The  essential 
data  follow: 

Quantity  of  water  was  taken  as  the  mean  of  readings  of  combined  flow  through 
six  Venturi  meters  at  the  filter  plant  and  the  reading  of  the  single  large  Venturi 
plus  the  reservoir  rise  at  Provin  Mountain.  The  two  items  thus  averaged,  varied 
less  than  2  per  cent  from  the  mean.  Moreover,  the  lesser  flow  was  indicated  at 
the  reservoir,  which  agrees  with  the  fact  that  there  is  more  or  less  leakage  on  the 
7  miles  of  line.  From  regulator  house  to  reservoir  the  loss  of  elevation  by  checked 
levels  was  nearly  59  feet.  From  this  gross  loss  was  deducted  8  velocity  heads 
for  7=4.13  feet  per  second  or  8X0.266  =  2.13  feet.  Mr.  Hazen  assumed  that 
the  8  velocity-heads  lost  were  made  up  as  follows;  2  at  entrance,  1.64  at  each  of 
two  30-inch  gates,  and  2.73  at  the  36-inch  gate  at  Provin  Mountain  bottom 
chambers. 

No.  225  and  225a. — 44-inch  and  52-inch  lock-bar  steel  pipe — Bull  Run  conduit  No.  2,  Portland,  Oreg. — 
iFor  No.  225.  capacity  +19.7  per  cent,  and  for  225a,  capacity  +14.7  per  cent 

In  1911  the  city  of  Portland,  laid  conduit  No.  2  paralleling  No.  1  (see  pipes  30, 
32,  and  45)  from  Bull  Run  River  to  the  city.  In  1922  F.  M.  Randlett  conducted 
capacity  tests  on  long  reaches  of  the  pipe.     In  correspondence  with  the  writer 
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B.  S.  Morrow  gave  the  data  of  Mr.  Randlett's  tests.  The  loss  of  head  was  deter- 
mined by  water  columns  attached  to  piezometers  located  at  the  ends  of  the 
reaches.  The  quantity  of  flow  was  measured  through  a  Venturi  meter  and  with 
weirs  located  near  the  outlet  end  of  the  line.  From  Bull  Run  River  to  Lusted's 
Hill  the  line  was  52  inches  in  diameter,  of  plate  steel  from  one-fourth  to  seven- 
sixteenths  inch  thick,  with  two  longitudinal  seams  held  in  lock  bars.  The 
sections  were  30  feet  in  length  with  field  seams  girth  riveted.  The  line  was 
provided  with  4-inch  air  valves  on  the  summits  and  8-inch  blow-offs  at  the  de- 
pressions. The  flow  tests  at  the  pipe's  age  of  11  years  showed  little  or  no  deterior- 
ation in  capacity.  This  statement  appeared  to  apply  to  all  the  Portland  lines 
taking  water  from  Bull  Run  River. 

From  Lusted's  Hill  to  the  end  of  the  line  the  pipe  was  44  inches  inside  diam- 
eter, of  ^-inch  plate,  with  similar  lock  bar  straight  seams  and  riveted  girth 
seams. 

Two  reaches  of  the  52-inch  line  were  tested.  Between  stations  16014-59.9 
and  1486+70  the  total  loss  of  head  was  29.65  feet,  giving  a  loss  per  1,000  feet  of 
2.580  feet  with  an  indicated  value  of  the  Williams-Hazen  Cw  of  96.  The  writer 
has  not  tabulated  this  test  because  Mr.  Randlett  says  air  was  trapped  in  the 
summits  along  this  part  of  the  line,  as  a  result  of  faulty  action  of  air  valves.  The 
second  reach,  between  stations  1486  +  70  and  1073  +  80,  a  distance  of  41,290  feet, 
gave  a  loss  of  head  of  1.472  feet  per  1,000  feet  of  pipe.  The  computed  values 
of  Ks  =  0.309  or  Cu,=  130  are  more  indicative  of  this  type  of  pipe  and  agree  more 
nearly  with  the  values  found  on  the  44-inch  line  following  the  52-inch  pipe; 
that  is,  a  value  of  Ks  =  0.285  or  C«=-135. 

No.  226. — 58-inch  lock-bar  steel  pipe.  Bull  Run  conduit  No.  3,  Portland,  Oreg. — Capacity  from  +8.1 

to  +14.7  per  cent 

In  correspondence  with  the  writer  J.  C.  Stevens  gave  the  elements  of  tests 
made  under  the  direction  of  F.  M.  Randlett  and  B.  S.  Morrow.  This  series 
covered  four  reaches  of  the  conduit: 


Section 


Length 


Total 
angles 


A 
B. 
C. 
D 


Feet 
2,850.0 
8,702.4 
7,918.6 
30, 964. 4 


283.6 

415.2 

596.8 

1, 448. 4 


Contains  1  Venturi  meter,  68  inches  to  24-uich  throat. 
Includes  1,468  feet  of  triple-riveted  butt-strap  pipe. 


This  series  of  tests  was  on  a  new  pipe  which  diverted  raw  water  from  Bull  Run 
River  for  municipal  use  in  the  city  of  Portland.  The  pipe  was  built  in  30-foot 
sections  joined  by  the  usual  riveted-taper  method.  The  water  flowed  with  the 
laps.  Prior  to  the  tests  the  flow  was  gradually  built  up  for  two  weeks  during 
which  the  air  valves  were  watched.  Loss  of  head  was  determined  with  water 
columns  attached  to  piezometers  at  points  where  but  little  pressure  existed. 
Quantity  was  taken  as  the  average  of  flows  indicated  by  two  Venturi  meters  and 
a  weir  located  near  reservoir  No.  1  at  the  outlet  of  the  pipe.  The  total  loss  of 
head  in  section  A  was  7.22  feet,  of  which  so  much  was  ascribed  to  loss  through 
the  meter  that  results  are  not  given  in  Table  1. 

The  results  of  these  tests  agreed  quite  closely  with  those  on  the  Montreal  line 
(No.  218)  but  disagreed  with  those  on  the  Springfield  (No.  224)  and  the  Rochester 
(No.  220  and  222)  lines. 


No.  228. — 96-inch  bump-jointed  lap-welded  pipe — ^Pit  No.  1,  Penstock,  Pacific  Gas  &  Electric  C!o, 
Shasta  County,  Calif.   (i24)— Capacity  -2.5  per  cent 

Shortly  after  construction  of  Pit  No.  1  power  plant  on  Pit  River,  Calif.,  tests 
for  retardation  losses  were  made  at  two  flows  of  712  and  982  second-feet.  These 
tests,  made  by  Roy  Wilkins,  comprised  measurements  on  the  tunnel  from  fore- 
bay  to  penstocks  and  on  one  of  the  twin  steel  penstocks.  The  other  steel  pipe 
was  held  idle  and  served  as  a  static  water  column.  Six  piezometer  connections 
were  made  at  the  inside  ends  of  the  horizontal  diameters.  Between  the  pipes 
these  piezometers  were  connected  to  the  two  legs  of  a  mercury  U-tube  manometer. 
Thus  one  leg  was  subject  to  static  pressure  alone  and  the  other  to  the  same  static 
head  less  the  velocity  head,  entry  losses,  and  friction  loss  from  the  intake  of  the 
penstocks  to  the  station  of  the  connections.     Water  .warS  run  in  both  penstocks 
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up  to  the  time  of  tests  so  that  the  water  was  of  the  same  temperature.  The 
sequence  of  important  test  stations  follows: 

Gauge  1  was  on  the  129-inch  pipe  just  below  the  standpipe  and  valve  at  the 
penstock  entrance  from  the  surge  chamber  at  the  tunnel  outlet.  Gauge  2  was 
located  231  feet  down  a  straight  pipe  to  which  it  was  attached  just  above  a  43- 
foot  taper  section  from  the  129-inch  to  the  108-inch  pipe.  On  the  108-inch  line, 
gauge  3  was  located  at  the  outlet  of  the  taper  just  mentioned.  This  location 
was  of  questionable  desirability  for  a  single  piezometer  connection,  but  was 
probably  the  best  available,  as  the  same  doubt  would  be  attached  to  any  single 
connection  within  at  least  100  diameters  below  a  straight  taper  section  without 
curve  transitions.  Gauge  4,  at  the  lower  end  of  the  reach  of  108-inch  pipe,  was 
located  515  feet  from  gauge  3  and  just  above  a  39-foot  taper  from  the  108-inch 
to  the  96-inch  pipe.  Gauge  5,  on  the  96-inch  pipe  just  below  the  taper,  was  sub- 
ject to  the  same  doubt  as  gauge  3.  Gauge  6  was  240  feet  down  the  96-inch  pipe 
beyond  an  upward  angular  bend.  Quantity  of  water  was  measured  over  a 
Francis  suppressed  weir  130  feet  long.  It  was  appreciated  that  Francis's  10-foot- 
maximum  weir  formula  was  being  greatly  extended,  but  this  method  is  customary 
and  checked  the  flow  computed  from  the  velocity-head  differential  at  gauges  2  and 
3,  the  taper  section  being  used  as  a  Venturi  meter  without  the  usual  expanding 
portion. 

This  reach  of  pipe  had  the  longitudinal  seams  lap-welded  and  the  girth  seams 
riveted  in  the  "bump."  (Fig.  1.)  The  pipe  rings,  of  ^He-inch  and  ^-inch  steel, 
were  all  of  the  same  diameter.  The  reach  tested  was  240  feet  long  between  gauges 
6  and  6,  and  contained  one  expansion  joint  and  three  vertical  angles  ranging  from 
15H°  ^o  23°.  In  plan  view  it  was  straight.  At  the  upper  end  it  was  joined  by 
a  39-foot  taper  section  to  the  108-inch  pipe  (No.  230).  The  lower  end  was  220 
feet  above  the  turbines.  Note  that  the  retardation  factors  were  in  close  accord 
with  those  on  the  adjoining  108-inch  sections.     (No.  230  below.) 

Nos.  228  and  230  support  the  tentative  formula  and  coefficients  suggested  in 
this  bulletin  for  inclusion  of  bump- joint  pipe  in  class  2,  as  they  both  are  within 
3.5  per  cent  of  the  formula  if  the  two  runs  in  each  pipe  are  taken  as  indicative. 
Note  that  the  values  of  C«,  are  consistent  between  112  and  114.  These  values, 
for  new  pipes,  are  very  far  from  the  value  of  140  in  the  Williams-Hazen  formula 
suggested  in  some  catalogues  for  this  type  of  pipe. 

No.  230.— 108-inch  bump-jointed  lap-wcIded  steel  pipe— Pit  No.  1  penstock.  Pacific  Gas  &  Electric 
Co.,  Shasta  County,  Calif.  (124) — Capacity  —3.4  per  cent 

These  tests  cover  two  flows  at  velocities  of  about  11  and  15  feet  per  second 
respectively.  The  reach,  515  feet  long  between  gauges  3  and  4,  is  straight  in  plan 
view  but  contains  two  angles  of  about  20°  each  in  profile.  It  is  joined  by  taper 
sections  to  the  129-inch  pipe  above  it  (No.  79)  and  to  the  96-inch  pipe  below. 
(See  No.  228  for  methods  and  equipment  and  comments  on  relative  capacities.) 
It  contains  three  expansion  joints.  In  construction  it  is  identical  with  the  96- 
inch  pipe  described  as  No.  228  except  that  the  plates  run  from  one-half  to  five- 
eighth  inch  in  thickness.     The  retardation  factors  are  very  close  together. 

CONTINUOUS-INTERIOR   PIPE 

Nos-  302  and  304. — 4-inch  and  6-inch  (outside  diameter)  lap-welded  wrought-steel  pipe,  bell-and- 
spigot  joints — Experimental  pipe,  Versailles,  Pa. — Capacity  +4.3  per  cent  for  No.  302  and  +1.6  per 
cent  for  No.  304. 

In  correspondence  with  the  writer,  F.  N.  Speller  gives  results  of  tests  on  three 
reaches  of  experimental  pipe  (Nos.  302,  304,  and  310)  set  up  perfectly  straight  in 
both  plan  and  profile.  (PI.  6,  B.)  These  tests  were  made  by  F.  W.  Frederick  and 
J.  J.  Wilson  with  assistants,  under  the  general  direction  of  Mr.  Speller.  In  all 
cases  the  lines  were  laid  side  by  side,  1,000  feet  long  between  piezometer  connec- 
tions. Quantity  of  water  was  determined  by  volumetric  measurement  for  small 
flows  and  a  Venturi  meter  for  larger  flows.  The  Venturi  meter  had  been  checked 
the  previous  year  by  pitometer  readings.  Pressure  head  was  determined  by 
mercury  manometers  of  U-tube  form,  attached  to  manifold  rings  having  access 
to  the  water  prism  through  eight  evenly  spaced  J^-inch  holes.  Loss  of  head  was, 
of  course,  the  difference  in  elevation  of  the  water  columns  equivalent  to  the  mer- 
cury columns.  Gauge  No.  1  was  placed  105  feet  downstream  from  the  elbow  at 
the  pump ;  likewise  gauge  No.  2  was  105  feet  above  a  return  bend.  The  pipes  were 
1  year  old.  Each  had  been  dipped  in  coal-tar  pitch.  When  torn  down  the  lines 
were  found  to  have  deposits  of  mud  up  to  one-sixteenth  inch  thick  on  the  lower 
third  of  the  perimeter.  The  4-inch  and  6-inch  pipes  (outside  diameters)  were 
respectively  3.628  and  5.72  inches  inside  diameter.    The  lengths  averaged  17 
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feet  1  inch  for  the  4-inch  size  and  18  feet  11  inches  for  the  6-inch  size.  The  inside 
diameter  of  the  4-inch  size  was  determined  by  weighing  the  water  contents  of 
six  average  pieces.  The  inside  of  the  6-inch  size  was  measured  with  micrometer 
calipers. 

These  tests  appear  to  have  been  carefully  conducted  and  are  given  an  A  rating 
for  all  observations  consistent  with  each  other.  However,  the  writer  has  found 
experimental  pipe  in  straight  reaches  to  yield  results  that  can  not  be  duplicated 
with  certainty  in  commercial  operation.  These  pipes  and  No.  310  should  be  com- 
pared with  the  writer's  series  No.  308  on  a  field  line  of  the  same  kind  of  pipe. 

No.   306. — 6-inch   wrought-iron  pipe,   flange-connected — Cornell   University,   N.   Y.    (122,  p.  129) — 

Capacity  +2.1  per  cent 

H.  F.  Mills  gives  the  elements  of  experiments  by  E.  W.  Schoder  of  Cornell 
University.  This  series  was  made  on  a  straight  reach  of  lengths  of  6-inch  pipe 
that  **had  been  used  in  a  steam-heating  main  for  some  years."  The  total  length 
was  122  feet  of  which  99.33  feet  was  tested  for  the  loss  of  head.  Gauge  No.  1 
was  placed  20.04  feet  downstream  from  the  intake  end.  Each  piezometer  con- 
sisted of  two  opposite  holes  in  the  shell,  into  which  }i-inch  cocks  were  screwed. 
Pressures  from  the  two  holes  at  each  end  of  the  reach  were  brought  together  and 
indicated  in  a  water  differential  gauge.  Quantity  was  measured  volumetrically 
in  a  calibrated  tank  of  500  cubic  feet  capacity.  Because  of  the  short  reach  tested 
this  series  has  been  given  a  B  rating.  However,  the  results  are  quite  consistent 
and  do  not  show  the  relatively  low  capacity  that  might  be  expected  from  the 
description. 

No.  310. — 8-inch  lap-welded  steel  "  line  pipe  "  fitted  with  bell-and-spigot  joints — ^Experimental  pipe, 
Versailles,  Pa. — Capacity  +10.8  per  cent 

This  is  one  of  three  pipes  described  under  Nos.  302  and  304.  The  only  dif- 
ferent conditions  applying  to  the  larger  pipe  follow :  Unit  lengths  averaged  about 
20  feet.  Inside  measurements  were  taken  with  micrometer  calipers  on  each  of 
the  84  units.  This  method  was  checked  by  filling  four  units  of  pipe  with  water 
and  weighing  this  water.  The  agreement  in  size  was  so  close  that  the  nominal 
diameter,  8  inches,  was  used  in  the  calculations.  (See  comments  under  Nos.  302 
and  304.) 

No.  311. — 14-inch  full- welded  pipe — ^Main  supply  line.  Bend,  Oreg. — Capacity  +8.1  per  cent 

The  city  of  Bend,  Oreg.,  in  1926  completed  a  new  water-supply  main,  consisting 
in  sequence  of  27,888  feet  of  14-inch  pipe;  20,691  feet  of  12-inch  pipe  and  13,515 
feet  of  16-inch  pipe.  At  the  end  of  each  reach  the  pressure  was  fully  relieved. 
In  correspondence  with  the  writer,  the  late  John  Dubuis,  then  engineer  in  charge 
of  the  project,  reported  the  following  tests  on  the  14-inch  pipe  made  soon  after  the 
line  was  put  in  service :  Water  at  the  diversion  dam  entered  screen  chambers  and 
passed  over  two  6-foot  rectangular  weirs  with  suppressed  contractions.  Below 
the  weirs  a  taper  section  6  feet  long  led  to  the  14-inch  pipe  tested.  This  line 
was  formed  of  30-foot  units,  field  welded  together  by  the  torch  method.  Each 
unit  was  formed  of  a  single  sheet,  shop  welded  along  the  straight  seam  and  then 
dipped  in  a  hot  compound. 

After  the  field  joints  were  made  all  uncoated  spots  were  given  two  coats  of 
asphalt  applied  with  a  brush.  As  shown  in  Plate  5,  C,  the  seams  as  formed  by  the 
weld  were  evidenced  by  a  small  irregular  bead,  which  was  smoothed  by  the  asphalt 
coat.  At  the  time  of  test  the  14-inch  pipe  had  been  running  at  full  capacity — 
the  water  backed  up  into  the  weir  chamber — for  several  weeks.  The  quantity 
of  flow  was  the  sum  of  the  flow  over  one  w^eir  under  a  head  of  0.36  foot  and  over 
the  other  under  head  of  0.37  foot.  The  total  fall  as  determined  by  checked  levels, 
was  381.09  feet.  Of  this,  1.24  feet  was  deducted  for  entry  and  velocity  head  for 
the  velocity  of  8.34  feet  per  second.  This  deduction  was  based  on  a  coffiecient 
of  0.5  for  entry  loss  into  the  24-inch  opening  to  the  taper  section  and  a  coefficient 
of  0.1  of  the  difference  in  velocity  heads  for  the  taper  between  the  24-inch  opening 
and  the  14-inch  pipe.  To  these  losses  was  added  the  velocity  head  for  the 
velocity  in  the  14-inch  line.  The  writer  regards  this  as  an  excellent  test;  the 
great  length  of  pipe,  the  high  velocity,  and  the  great  loss  of  elevation  due  to  re- 
tardation of  flow  were  all  such  that  any  conceivable  error  would  not  materially 
affect  the  results.  It  will  be  extremely  interesting  to  observe  the  progressive 
capacity  of  the  line,  which  receives  clear  untreated  wat^r  from  a  mountain  stream 
in  a  lava  terrain. 
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No.  312. — 20-inch  outside  diameter  pipe,   coupling-Jointed,  lap-welded  pipe — Lake  Moraine-Ruxton 
Park  penstock — Colorado  Springs  municipal  power  plant,  Colorado— Capacity  +6.4  per  cent 

This  line,  constructed  in  1924,  was  dipped  in  an  asphaltic  compound,  both 
inside  and  out,  and  laid  on  a  continuous  falling  grade.  Bolted  couplings  were 
used  throughout  with  curves  having  a  radius  of  from  100  feet  to  717  feet;  36.5  per 
cent  of  the  alignment  is  on  curves  and    63.5  per  cent  on  tangent.     (PI.  3,  B.) 

At  the  upper  end,  some  200  feet  below  the  outlet  of  Lake  Moraine,  a  16-inch 
relief  valve  was  installed  to  relieve  back  pressure  caused  by  operation  of  the 
automatic  hydroelectric  plant  connected  therewith.  Within  the  power  house  at 
Ruxton  Park  a  Venturi  meter  is  located,  just  ahead  of  the  nozzle.  Capacity  tests 
were  made  under  the  direction  of  E.  L.  Mosley,  manager  of  the  power  department 
for  the  city  of  Colorado  Springs.  During  the  tests  a  new  recording  pressure 
gauge,  graduated  from  0  to  15  pounds  per  square  inch,  was  placed  on  the  relief 
valve,  and  in  the  power  house  at  Ruxton  there  was  placed  a  new  recording  gauge, 
graduated  from  400  to  600  pounds  per  square  inch;  and  all  data  taken  in  these 
tests  were  by  means  of  these  instruments,  and  simultaneous  readings  were  taken 
at  each  end  of  the  line.  Readings  of  the  upper  gauge  are  acceptable  for  such  a 
relatively  long  line,  but  small  losses  of  head  on  the  lower  gauge,  recording  pres- 
sures in  excess  of  1,000  feet,  are,  of  course,  very  questionable. 

The  actual  length  of  pipe  laid  between  the  two  pressure  gauges  is  12,528  feet, 
made  up  as  shown  in  Table  14. 

Table  14. — Dimensions  of  Lake  Moraine-Ruxton  Park  penstock 


Length  (X) 

SheU 

plate 

thickness 

Inside 

diameter 

id) 

Inside 
area  (a) 

Weighting  product,  LXa 

Feet 

3, 426. 1 
4, 852.  6 
2, 695.  7 
1, 135.  5 
418.3 

Inches 

Mo 

H 
Me 

Inches 
19.38 
19.25 
19.12 
19.00 
18.87 

Sq.  ins. 
294.83 
291.04 
287.27 
283.53 
279.81 

1,  010, 117 

1, 412, 301 

774, 394 

321,948 

117,044 

Total 12,528.2 

3, 635,804=290.2  square  inches. 

The  weighted  average  inside  area  is  290.2  square  inches,  or  2.015  square  feet, 
which  is  the  area  of  a  pipe  19.2  inches  in  diameter.  All  computations  are  based 
on  this  value  of  d. 

The  elements  of  the  experimental  data  as  given  in  Table  1  are  themselves  taken 
from  a  smoothed  curve  based  on  the  original  tests.  A  table  of  data  from  Mr. 
Mosley  gives  the  measured  loss  of  head  for  each  unit  quantity  from  0  to  16  sec- 
ond-feet. Observations  for  flows  below  6  second-feet  are  not  included  in  the 
table,  being  considered  by  the  writer  to  have  little  value.  For  Q  =  Q  second-feet 
the  observed  total  loss  of  head  was  but  12.4  feet,  while  the  total  pressure  head 
recorded  at  gauge  No.  2  was  more  than  1,100  feet.  As  the  flows  are  increased 
the  recorded  loss  of  head  becomes  a  larger  part  of  the  total  head.  In  other  words, 
these  data  are  considered  the  more  reliable.  For  a  flow  of  16  second-feet,  with 
an  average  velocity  throughout  the  reach  of  7.94  feet  per  second,  the  total  loss  of 
head  is  120.9  feet,  with  a  pressure  head  at  the  lower  gauge  of  1,008  feet.  Thus 
for  the  higher  flows  the  values  of  the  retardation  coefficients  are  reasonably 
acceptable  and  agree  quite  closely  with  comparable  values  in  other  series. 

In  column  3  of  Table  1  it  will  be  found  that  unacceptable  D  ratings  are  assigned 
to  flows  below  10  second-feet  and  the  ratings  are  increased  as  the  friction  heads 
become  a  greater  percentage  of  the  total  heads  as  indicated  on  the  lower  pressure 
gauge.  For  the  flows  rated  C  and  B  the  average  capacity  compared  with  the 
writer's  formula  is  excessive  by  6.4  per  cent.  However,  it  will  be  noticed  that  all 
the  retardation  factors  have  credible  values  for  the  higher  flows  but  are  without 
precedent  for  the  lowest  flow  included  in  Table  1,  and  these  values  were  com- 
pletely incredible  for  the  flows  in  the  zone  of  greatest  experimental  errors  not 
included  in  the  table. 

No.  314.— 30-inch  ateel  lock-bar  pipe — Coolgardie  supply  main,  Weatem  Aostralia  (.111, 131, 173, 130 
177) — Capacity  -4.4  per  cent 

The  first  of  the  modern  long  conduits  was  finished  in  1902.  In  order  to  serve 
the  gold  field  of  Coolgardie,  it  was  necessary  to  pump  water  across  307  miles  of 
desert  country  from  the  Helena  River  near  Perth,  in  Western  Australia.     For  an 
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additional  44  miles  the  flow  was  by  gravity.  The  static  pumping  lift  was  1,290 
feet  and  with  the  estimated  friction  loss  the  total  pumping  head  was  2,655  feet, 
distributed  among  eight  pumping  plants.  The  type  of  pipe  chosen  was  the  fore- 
runner of  the  present  lock-bar  pipe.  It  consisted  of  a  steel  line  of  yi  and  ^e-inch 
plate;  its  inside  diameter  was  30  inches.  The  shop  units  were  exactly  28  feet  long 
with  the  single  long  seam  formed  by  a  straight  "locking  bar."  These  units  were 
true  cylinders  without  taper;  thus  the  ends  of  adjoining  sections  abutted  together 
with  a  flush  interior.  The  girth  joints  were  formed  by  calking  lead  in  the  annular 
space  between  the  pipe  ends  and  sleeve  joint  rings  8  inches  in  width.  This  pipe 
with  ''continuous  interior"  comes  under  class  3  as  described  on  page  12,  rather 
than  under  class  2,  which  applies  to  the  standard  riveted  girth  joint  of  the  present 
lock-bar  type  of  pipe. 

The  coating  of  this  line  received  particular  attention,  as  maximum  tempera- 
tures of  170°  F.  were  to  be  encountered.  The  greater  number  of  the  pipe  units 
were  dipped  in  coal  tar  mixed  with  equal  parts  of  refined  Trinidad  bitumen. 
Soon  after  completion  of  theline  tests  were  made  and  reported  by  C.  S.  R,  Palmer 
in  his  comprehensive  paper  on  this,  the  longest  conduit  in  the  world  (131).  The 
line  was  equipped  with  eight  Venturi  meters — one  at  each  pumping  plant. 
These  furnished  a  method  of  determining  quantity.  The  exact  manner  in  which 
the  loss  of  head  was  measured  was  not  given  by  Mr.  Palmer,  but  such  great 
lengths  of  pipe  were  available  that  there  should  have  been  no  extraordinary  error 
in  his  measurements. 

The  results  of  these  tests  indicated  a  value  Ka=0.35  or  of  Cu;=127  for  this 
pipe  when  new. 

In  his  paper  on  this  line  Longley  (111)  gave  a  table  showing  the  depreciation  in 
capacity  from  year  to  year,  in  terms  of  coefficients  in  the  Williams-Hazen  formula. 
Longley  mentions  a  coefficient  when  the  pipe  was  new  of  0^  =  135,  and  notes 
that  there  is  inconsistency  between  this  figure  and  another  of  Cu,=  128  resulting 
from  tests,  also  made  when  the  pipe  was  new.  The  latter  value  is  probably 
related  to  the  data  given  in  Table  1.  In  the  design  of  the  pipe  a  coefficient  equiva- 
lent to  C^  =  96  was  used.  The  actual  value  for  the  new  pipe  was  probably  quite 
close  to  130.  At  the  age  of  6  years  this  value,  which  is  proportional  to  the  capac- 
ity, had  diminished  to  an  average  of  97.6,  representing  a  variation  from  111  at 
the  inlet  end  to  95  at  the  outlet  end.  In  1920,  after  18  years  of  use,  the  average 
value  of  Cy,  had  become  77  without  any  noticeable  difference  at  the  two  ends. 
The  rapid  loss  of  capacity  is  ascribed  to  tuberculation  within  the  pipe,  there 
being  no  possibility  of  sand  or  other  debris  deposits.  As  the  tuberculation  was 
the  result  of  chemical  reactions  requiring  a  supply  of  dissolved  oxygen  a  deaera- 
tion  treatment  was  started  in  1917.  The  results  of  this  treatment  are  difficult 
to  determine  definitely,  as  the  line  was  badly  tuberculated  when  the  treatment 
was  started.  However,  the  evidence  indicates  that  depreciation  in  capacity 
had  been  stopped  on  7  of  the  12  sections  of  pipe. 

In  the  discussion  of  Colonel  Longley's  paper  the  statement  is  made  by  F.  N. 
Speller  that  mixtures  of  coal  tar  and  asphalt  should  be  avoided;  that  either  one 
when  properly  applied  by  itself  lasts  longer  than  the  combination. 

Considering  the  conditions  of  installation,  the  capacity  of  this  line  when  new 
supported  the  value  of  Ks= 0.32  for  new  pipes  of  continuous-interior  type. 

Nos.  316  and  318. — 84-inch  butt-joint  riveted  pipe  (rivet  heads  countersunk) — Penstocks  Nos.  2  and 
3,  Paclflc  Mills — Essex  Co.,  Lawrence,  Mass.  {122,  p.  194) — Capacity  at  2.3  years.  No.  316  was 
—5  and  No.  318  was  —10  per  cent,  and  at  13  years.  No.  316  was  —15.2  and  No.  318  was  —13  per 
cent 

These  short  penstock  pipes  were  tested  under  direction  of  H.  F.  Mills.  Reaches 
100  feet  long  were  chosen  from  the  total  length  of  190  feet.  The  quantity  of 
flow  was  determined  by  weir  or  by  opening  of  the  gate  wheel  as  calibrated  against 
velocity  measurements  by  long  floats  in  the  leading  canal.  Flush  piezometer 
connections  led  to  glass  gauge  tubes.  Penstocks  were  made  of  steel  plates,  riveted 
with  butt  joints  and  rivet  heads  countersunk.  Plates  were  shop  coated  with  two 
coats  of  hot  asphalt  and  linseed  oil;  a  third  coat  was  put  on  when  the  pipe  was  in 
place,  "thus  forming  a  smooth  hard  interior  surface  throughout." 

First  tests  were  made  when  the  pipe  was  2  years  old.  They  were  repeated 
from  time  to  time  for  11  years.  Average  deterioration  in  capacity  of  the  two 
penstocks  is  expressed  by  i7= 0.0320(1 +  0.17-v^72  where  t  is  age  in  years.  Mills 
gives  details  of  the  tests  at  2  and  at  13  years  of  age,  with  some  derived  figures  for 
intervening  tests,  but  the  latter  are  not  included  in  this  bulletin.  Mills  de- 
scribes the  gradual  growth  of  tubercles,  sponge,  slime,  and  mud,  toward  the  end 
mentioning  "many  tubercles  the  size  of  a  pea,"  "rough  surface"  due  to  mud  and 
tubercles,  and  "tubercles,  one  per  square  inch." 
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While  Mills's  description  of  these  lines  clearly  indicates  that  they  should  be 
classed  as  "continuous-interior"  pipe  of  the  highest  grade,  the  retardation  factors 
do  not  support  this  assumption. 

COMPOUND   PIPE 

No.  150. — 36-inch  riveted  wroacht-iron  and  24-inch  cast-iron  pipe — Condnit  No.  1,  Rochester,  N.  Y. 

{170.  159,  140.  86,  122) 

Hemlock  Lake  conduit,  now  called  conduit  No.  1  of  the  Rochester  supply  mains, 
was  laid  in  1873-1875  between  Hemlock  Lake  and  Rush  Reservoir.  It  was  a 
compound  pipe  of  the  following  general  specifications:  9.62  miles  of  36-inch 
riveted  wrought-iron  pipe  three-sixteenths  inch  thick;  then  2.92  miles  of  similar 
pipe  24  inches  in  diameter,  of  plate  three-sixteenths  and  one-fourth  inch  thick; 
then  6.12  miles  of  24-inch  cast-iron  pipe.  In  1876  a  test  of  capacity  was  made 
under  the  direction  of  J.  N.  Tubbs,  then  chief  engineer.  It  comprised  nothing 
more  nor  less  than  a  determination  of  the  total  fall  from  intake  to  outlet  and  a 
quantity  measurement  by  rise  in  water  at  Rush  Reservoir.  The  maximum  flow, 
as  made  public  at  that  time  (170)  was  9,293,000  gallons  per  day.  Assuming  a 
value  of  130  in  the  Williams-Hazen  formula  for  the  cast-iron  pipe,  the  computed 
value  for  the  24-inch  and  36-inch  riveted  steel  pipe  would  be  &„=  153.5,  which 
would  show  a  far  higher  capacity  than  present-day  data  indicate.  If  the  assumed 
value  of  CvB  for  the  cast-iron  pipe  be  set  at  140— -the  maximum  value  suggested 
by  Williams  and  Hazen — the  computed  value  for  the  riveted  pipe  becomes  134.6, 
still  a  very  high  value,  in  the  light  of  present  knowledge. 

Table  2  gives  figures  based  on  the  average  of  three  flows  taken  several  days 
apart,  in  1876.  The  base  data  are  taken  from  Herschel's  notes  {86,  p.  16),  quoted 
from  a  report  by  Kuichling.  The  resulting  retardation  factors,  computed  after 
assumptions  are  made  as  to  the  value  of  C„  for  the  cast-iron  reach,  all  indicate  a 
very  high  capacity  for  this  type  of  pipe,  but  are  not  entirely  unsupported  by 
other  tests.  The  writer  gives  these  tests  a  D  rating,  indicating  that  they  should 
not  be  given  weight;  but  he  believes  they  should  be  included  in  a  comprehensive 
paper  such  as  this,  for  historical  reasons.  Later  experiments  on  the  24-inch  and 
36-inch  riveted  lines  are  described  as  Nos.  23,  24,  and  39.  The  results  of  the  1876 
tests  became  the  cause  of  bitter  controversy  during  the  "Nineties,"  as  the  informa- 
tion had  been  used  in  the  design  of  a  large  pipe  in  New  Jersey,  under  a  guarantee 
of  capacity  that  was  not  met  by  the  completed  pipe.  Herschel  describes  this 
controversy  quite  fully  {86)  and  comes  to  the  conclusion  that  the  Rochester 
conduit  had  never  carried  the  quantity  claimed  in  the  published  reports  of  the 
1876  tests  {170).  In  the  light  of  present  extensive  data,  the  writer  agrees  with 
Herschel,  but  the  1876  test  was  apparently  given  full  weight  by  such  authorities 
as  Hamilton  Smith  {169,  p.  236)  and  Mills  {122),  who  were  both  contemporaries 
of  Tubbs.  Both  writers  give  Tubbs'  data  without  adverse  comment  as  to  the 
excessive  capacity  indicated. 

No.  152. — Riveted-steel  compound  pipe — Penstoclt,  Spring  Gap  power  house.  Pacific  Gas  &  Electric 

Co.,  California 

This  plant  is  served  by  a  penstock  7,415  feet  long  made  up  as  follows: 

Pipe  characteristics 


Lap  riveted,  made  of  H  to  ^-fa  inch  plates. 

Triple-riveted  double  butt-strap  pipe,  Me  to  H  inch  plates. 

Triple-riveted  butt-strap  pipe,  H\o  ^Me  inch  plates.  ' 

Triple-riveted  butt-strap  pipe,  ^  to  IHe  inch  plates. 

During  tests  for  efficiency  of  the  machines,  made  in  1921  when  the  penstock 
was  new,  the  over-all  loss  of  head  throughout  the  compound  pipe  was  determined 
by  Roy  Wilkins. 

Quantity  of  water  was  measured  over  a  weir.  Loss  of  head  was  determined  by 
pressure  gauge  reading  only  to  the  nearest  5  pounds.  Flow  ranged  from  18.6  to 
39.4  second-feet,  developing  a  loss  of  head  from  11.5  feet  to  80.7  feet.  The  reach 
was  so  long  and,  for  the  higher  velocities,  the  losses  were  so  appreciable  that  the 
usual  errors  of  such  a  pressure  gauge  were  minimized;  however,  the  lesser  reading 
to  nearest  5  pounds  may  be  much  in  error. 

This  pipe  had  been  given  one  brushed  coat  of  red  lead  in  linseed  oil.  It  was 
designed  after  the  Williams-Hazen  formula,  with  Cw=100,     These  tests  indicated 
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that  an  average  value  of  C„,=76.5  satisfies  the  loss  for  its  particular  velocity  in 
each  size  of  new  pipe.  However,  this  method  does  not  assign  a  variable  loss  to 
the  various  kinds  of  pipe,  the  quoted  value  resulting  from  the  two  highest  flows. 
Flows  at  the  lesser  velocities  indicated  values  of  C^,  up  to  104.  These  values 
are  so  far  apart  that  no  definite  deductions  are  possible,  except  that  flow  in  heavy 
butt-strap  pipe  is  characterized  by  a  very  high  retardation  loss. 

No.  156. — Riveted  and  welded  compound  pipe — Penstock,  Kern  River  No.  3  power  house.  Southern 
California  Edison  Co.,  Kern  County,  Calif. — Capacity  +6.1  per  certt  for  No.  156  and  +4.1  per  cent 
for  No.  156a. 

This  plant  is  served  by  two  penstocks,  each  having  the  following  sequence  of 
sizes  and  types  of  pipe.  Plate  thickness  varies  from  three-eighths  to  seven- 
sixteenths  inch: 


Length 

Size  of  pipe 

Plate  thickness 

Type  of  riveting 

Lin.  ft. 
316 

84-inch 

%-inch. 

Riveted  pipe. 
Do. 

237 

78-inch 

206 

72-inch 

^6-inch 

Do. 

853 

66-inch , 

Lap-welded  bump  joint. 

870 

60-inch  i 

Do. 

Including  Venturi  meter. 


Longitudinal  seams  in  riveted  pipe  are  double-riveted  and  triple-riveted  lap 
joints  while  all  girth  seams  in  riveted  pipe  are  butt  joints  with  outside  butt  strap. 
In  the  welded  pipe  the  girth  joints  are  all  bump  joints  with  double  lines  of  rivets. 
The  inside  of  this  penstock  was  brushed  with  one  coat  of  graphite. 

A  series  of  tests  by  H.  L.  Doolittle  was  made  on  the  over-all  losses,  from  which 
were  deducted  the  velocity  heads  for  the  velocities  in  the  60-inch  pipe,  plus  the 
loss  through  the  Venturi  meter,  plus  the  losses  at  entrance  to  the  various  tapers 
as  the  pipe  became  smaller.  The  quantity  of  flow  was  measured  through  Venturi 
meters  and  the  loss  of  head  was  measured  with  mercury  u  tubes.  The  Edison 
Co.,  in  sending  the  writer  data  for  these  tests,  included  a  logarithmic  diagram 
showing  a  straight  line  loss-of-head  law  on  the  assumption  of  a  value  of  n  in  the 
Kutter  formula  of  0.0112  for  the  welded  pipe  and  0.016  for  the  riveted  pipe. 
Corresponding  round-number  assumptions  in  the  Williams-Hazen  formula 
would  have  been  C„,=  130  for  welded  pipe  and  100  for  the  riveted  pipe.  It  should 
be  noted  that  the  Pacific  Gas  &  Electric  Co.  found  a  value  for  similar  bump- 
jointed  welded  pipes  alone  as  about  114.     (See  Nos.  228  and  230.) 

This  penstock  was  designed  with  the  use  of  the  Kutter  formula  using  n=0.012 
for  the  welded  pipe  and  0.016  for  the  riveted  pipe. 

The  computations  in  columns  11  and  13,  Table  2,  were  based  on  assumed 
values  of  0^=105  and  Ks=0.44  for  the  riveted  pipe  and  computing  the  resulting 
values  of  Cw  and  K«  for  the  welded  pipe.  These  assumptions  were  made  because 
only  about  10  per  cent  of  the  friction  loss  is  due  to  the  flow  in  the  riveted  pipe; 
furthermore,  enough  data  on  riveted  pipes  are  at  hand  to  justify  the  values  of 
Cy,  and  Kg  for  such  pipes,  although  all  the  data  available  are  needed  to  support 
deductions  made  for  welded  and  other  pipes  of  types  2  and  3.  It  should  be  noted 
that  Wilkins'  tests  on  Nos.  228  and  230 — welded  pipes  with  bump-girth  joints — 
showed  capacities  slightly  deficient  in  capacity  when  judged  by  the  writer's 
formula  for  pipes  of  class  2. 

No.  160. — Compound  riveted  steel  pipe — ^Little  Brush  Creek  siphon,  Kern  River  No.  3  conduit.  Southern 
California  Edison  Co.,  California  (127,  p.  5) — Capacity  —5  per  cent 

Immediately  after  the  completion  of  the  conduit  and  power  house  at  No.  3 
plant,  Kern  River,  Calif.,  experiments  were  made  by  Doolittle  (127).  Corre- 
spondence with  the  company  disclosed  that  the  data  were  platted  directly  on  the 
diagram  given  in  the  cited  report.  From  the  platted  points  the  elements  given 
in  Table  2  have  been  computed. 

This  siphon  was  1,170  feet  in  length  and  the  bottom  of  the  sag  lies  327  feet  below 
the  hydraulic  gradient.  This  gave  two  straight  legs  joined  by  an  abrupt  bend 
ftt  the  sag.     From  inlet  to  outlet  the  sequence  of  pipe  sizes  was  as  follows: 
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Length 

Diameter 

Plate 
thickness 

Type  of  riveting 

Feet 
245 
40 

Inches 
114 
108 
102 
96 
102 
108 
114 

Inches 

Double-riveted  lap.  cylinder  joints. 
Triple-riveted  lap,  cylinder  joints. 
Double-riveted,  butt  joints. 

104 

340 
120 

ma 

Triple-riveted,  butt  joints. 
Double-riveted,  butt  joints. 
Triple-riveted  lap,  cylinder  joints. 

44 

243 

H 

Double-riveted  lap,  cylinder  joints. 

It  is  to  be  noted  that  there  were  six  changes  in  diameters,  by  6-inch  increments. 
These  changes  were  effected  by  taper  transition  sections.  The  values  C„  and 
K,  satisfy  the  observed  loss  of  head  for  the  proper  velocity  in  each  individual 
length  of  pipe  for  each  given  quantity  of  flow.  The  lengths  of  pipe  of  the  same 
size  are  combined  for  computations.  No  correction  was  attempted  for  the  local 
losses  in  the  taper  sections  and  in  the  bend  at  the  sag.  The  pipe  is  considered 
as  being  all  of  type  Id  as  the  losses  in  the  butt-strap  pipe  predominate.  Without 
the  adjustments  the  average  values  of  Kg  and  C«,  are  0.573  and  89.7,  respec- 
tively. However,  it  is  to  be  noted  that  Kg  changes  from  0.517  for  the  lowest 
flow  to  0.623  for  the  highest,  the  corresponding  change  in  C^,  being  from  95.5 
to  85.1.  The  losses  through  the  taper  sections  and  for  the  bend  at  the  sag  should 
not  be  ignored.  When  more  data  are  available  this  series  of  tests  may  contribute 
additional  evidence  as  to  losses  in  such  taper  sections  and  bends. 

It  is  to  be  noted  that  the  greatest  local  loss  occurs  through  the  sections  of 
heavy  butt-strap  pipe.  This  is  taken  as  sufficient  to  place  the  whole  line  in 
class  Id. 

No.  162. — 24-inch  and  22-inch  welded-steel  compound  pipe — Municipal  supply,  Gordon  Valley  pipe 
line,  Vallejo,  Calif.— Capacity  +2.9  per  cent 

In  correspondence  with  the  writer,  Augustus  Kempkey  submits  data  on  a 
preliminary  test  for  capacity  of  the  new  trunk  line  supplying  the  city  of  Vallejo, 
Calif.  This  pipe  is  full  welded,  composed  of  59,267  feet  of  24-inch  pipe  of  ^e-inch 
plate,  20,488  feet  of  24-inch  pipe  of  >^-inch  plate,  and  35,260  feet  of  22-inch 
pipe  of  ^6-inch  plate,  making  a  total  length  of  115,015  feet,  or  about  22  miles. 
The  field  sections  were  about  28  feet  long,  each  made  of  two  cylindrical  courses, 
the  ends  of  the  smaller  cylinders  fitting  into  the  larger  ones  successively.  The 
longitudinal  joints  were  butt  welded  with  an  electric  arc;  the  field  joints,  at 
every  alternate  girth  seam,  were  hand  welded  with  an  electric  arc,  the  smaller 
rings  being  lapped  into  the  larger.  Sections  were  shop  dipped  in  a  hot  asphaltum 
compound  and  then  wrapped  with  a  mica  covering  as  a  soil  protection;  field 
joints  were  painted  with  the  same  asphaltic  compound  and  wrapped. 

Shortly  after  completion  of  the  line  a  set  of  preliminary  runs  was  made  to 
ascertain  its  approximate  capacity.  A  new  Venturi  meter  offered  an  excellent 
means  for  the  measurement  of  the  flow.  The  overall  loss  of  head  was  deter- 
mined by  reading  pressure  gauges  of  the  Bourdon  type,  these  readings  being  to 
the  nearest  pound  only.  Thus  the  error  of  reading  might  be  one-half  pound 
either  way,  covering  a  range  of  2.3  feet  of  head  at  each  end  of  the  line.  How- 
ever, the  total  loss  of  head  was  so  great,  especially  for  the  greater  flows,  that 
the  data  are  probably  more  valuable  than  more  precise  readings  on  a  short 
reach  of  pipe,  although  Mr.  Kempkey  does  not  offer  them  as  the  results  of  fin- 
ished tests.  This  line  has  no  projecting  rivet  heads;  on  the  other  hand,  the  in- 
terior is  not  "continuous,"  as  the  term  is  used  in  this  bulletin.  However,  a 
comparison  will  be  made  with  class  3 — continuous-interior  pif>e — on  the  ground 
that  computations  are  made  on  the  basis  of  the  interior  diameter  of  the  smaller 
rings  of  pipe  and  the  lower  velocities,  with  the  consequence  that  the  lower  fric- 
tion losses  in  the  larger  rings  compensate  for  the  enlargements  and  contractions 
of  the  lapping  cylindrical  courses.  The  average  value  of  Ks=0.S02  (Cu,=  138), 
compares  with  0.304  for  the  welded  portion  of  No.  156,  with  0.287  for  the  straighter 
full-welded  line  at  Bend,  Greg.  (No.  311),  and  with  0.342  for  the  very  crooked 
Marin  line  (No.  313).  These  values  all  indicate  that  the  writer's  recommended 
K,'  =  0.32  is  conservative. 
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DREDGE   PIPE 
So.  402. — 15-inch  steel  pipe,  Taylorsville  dam,  Oliio  (J>3) — Capacity  —4.2  per  cent 

At  the  time  of  the  construction  of  hydrauhc-fill  dams  for  the  Miami  conserv- 
ancy district,  Ohio,  a  series  of  tests  on  the  loss  of  head  in  dredge  pipes  carrying 
clear  water  was  carried  out  by  I,  E.  Houk.  Identical  methods  were  employed 
for  all  three  pipe  lines  tested.  Loss  of  head  was  determined  by  a  carefully  cali- 
brated pressure  gauge.  Velocities  were  ascertained  by  lowering  packages  con- 
taining 1  ounce  of  potassium  permanganate  and  1  pound  of  salt  into  the  suction 
pipe,  which  were  well  distributed  in  the  water  by  the  pump  runner  and  observed 
at  the  outlet  ends  of  the  line.  The  permanganate's  purple  color  was  visible 
when  clear  water  was  being  tested.  The  salt  solution  was  electrically  observed, 
electrodes  of  copper  and  zinc  strips  being  placed  one-fourth  inch  apart  in  the  outlet 
jet.  The  needle  deflection  on  a  voltmeter  checked  the  optical  indication  of  the 
color,  indicating  the  feasibility  of  using  the  salt  alone  when  mud  and  gravel 
were  running  in  the  pipe.  The  pipe  listed  as  No.  402  was  2,075  feet  in  length, 
composed  of  74  lengths  of  riveted  soft  steel  and  56  lengths  of  welded  hard  steel. 
The  pipe  units  were  approximately  16  feet  long  and  were  fitted  together  by 
"stovepipe"  joints.  This  reach  contained  one  flap  valve;  one  30°,  four  45°,  and 
two  long-radius  90°  bends,  and  one  Y  unit.  Obviously  a  pipe  in  this  service 
would  be  highly  scoured  on  the  inside. 

No.  404. — 15-inch  steel  pipe — Taylorsville  dam,  Ohio  {93) — Capacity  +8.9  per  cent 

Exactly  similar  to  the  tests  described  under  No.  402  above  were  those  con- 
ducted by  I.  E.  Houk  upon  another  reach  of  dredge  pipe  composed  of  8  joints 
of  welded  hard  steel  and  76  joints  of  riveted  soft  steel  assembled  by  slip  joints 
into  a  length  of  1,340  feet.  This  reach  included  one  flap  valve,  one  30°  bend 
and  two  45°  bends,  and  two  long-radius  90°  elbows.  This  series  also  was  run 
with  clear  water  alone.  The  indicated  capacity  was  superior  to  that  of  No. 
402,  although  the  relative  amounts  of  welded  pipe  and  other  conditions  of 
retardation  would  tend  to  produce  the  opposite  effect. 

No.  406. — 15-inch  steel  pipe — Englewood  dam,  Ohio  (53) — Capacity  —1.4  per  cent 

Mr,  Houk  reports  a  series  of  observations  made  on  a  reach  of  dredge  pipe 
at  the  Englewood  hydraulic-fill  dam  in  a  manner  identical  with  that  described 
under  No.  402.  This  reach  was  780  feet  long,  consisting  of  20  lengths  of  riveted 
soft  steel  and  26  lengths  of  welded  hard  steel  dredge  pipe  and  60  feet  of  standard 
wrought-iron  pipe  bolted  together  with  screw  flange  joints.  In  the  reach  were 
two  15°  bends,  one  long-radius  90°  elbow,  and  one  flap  valve.  Clear  water  was 
used  for  this  series  of  runs. 

Nos.  408  to  422,  inclusive. — Lap-riveted  steel  pipe,  from  31.88  to  34  inches,  inside  diameter — Discharge 
pipes  from  Mississippi  River  dredges  (115,  15) — Average  capacity  less  than  —1  per  cent 

F.  B.  Maltby  gives  some  notes  on  the  loss  of  head  due  to  friction  in  pipes 
conveying  dredged  materials,  the  dredges  being  the  large  type  used  on  the 
Mississippi  River  (116,  p.  4^3).  This  loss  was  measured  by  piezometers  inserted 
in  the  pipe  lines  at  various  points  and  by  simultaneous  readings  of  gauges  attached 
to  these  piezometers.  Velocities  in  the  pipes  were  determined  with  Pitot  tube. 
For  all  the  lines  except  the  Beta  (No.  418)  the  loss  included  that  at  the  joints 
as  well  as  through  the  unit  lengths  of  pipe.  The  Beta  line  was  straight,  of  ^^-inch 
plate,  33  inches  inside  diameter,  made  up  in  rings  about  5  feet  in  length,  these 
rings  lapping  in  the  direction  of  flow.  All  rivet  heads  were  countersunk,  the 
pipe  being  perfectly  smooth  and  bright  inside  as  a  result  of  scour  of  the  dredged 
material.  For  the  Beta  line  capacity  was  0.8  per  cent  less  than  that  called 
for  by  the  writer's  formula.  The  pipe  connections  on  the  Kappa  and  the  Flad 
were  ball-and-socket  joints  permitting  deflections  of  about  20°  either  way. 
The  indicated  capacities  were  7.7  per  cent  excessive  and  8  per  cent  deficient, 
respectively.  For  the  other  six  dredges  the  joints  were  short  pieces  of  rubber 
hose  which  slipped  over  the  ends  of  adjoining  lengths.  These  lengths  were 
generally  50  feet,  but  the  Beta  line  had  some  100-foot  lengths.  Mr.  Maltby 
platted  his  observations  for  loss  of  head,  but  the  writer's  figures  are  taken  from 
the  table  given  by  Mr,  Berridge  in  {15), 


THE  FLOW  OF  WATER  IN  RIVETED  STEEL  PIPES  125 

SPIRAL-RIVETED   PIPE 

Noe.  502  to  514.— 4-inch  and  6-lnch  spiral-riveted  steel  pipe,  asphalt  coated— Experimental  lengths, 
Cornell  University,  New  Yorli  {151) 

In  1904  and  1905  experiments  were  conducted  on  60-foot  lengths  of  nominal 
4-inch  and  6-inch  spiral-riveted  asphalt-coated  pipe,  the  flow  being  tested  both 
with  and  against  the  laps.  The  results  of  these  tests  were  reported  by  E.  W. 
Schoder  and  H.  A.  Gehring.  The  quantity  of  flow  was  measured  volumetrically. 
The  loss  of  head  was  measured  by  water-column  differential  gauges.  All  pipes 
were  120  feet  long,  of  which  the  lower  40  feet  comprised  the  test  length  of  the 
nominal  4-inch  pipe  and  the  lower  60  feet  that  of  the  6-inch  size.  All  piezometer 
holes  were  1  inch  in  diameter,  carefully  reamed  out  and  all  located  in  similar 
position  with  relation  to  the  laps.  The  mean  diameters  of  the  experiinental 
sections  were  4.084  inches  for  the  nominal  4-inch  and  5.962  and  5.943  inches 
for  the  nominal  6-inch.  The  flat-head  rivets  and  asphlatum  coat  contributed 
to  a  capacity  in  excess  of  that  indicated  for  similar  pipe  when  galvanized  only, 
such  as  those  listed  under  Nos.  520  to  533.  If  the  tests  on  pipes  502  to  514 
be  taken  as  indicative,  conservative  values  of  K,  are  0.38  for  new-pipe  flow 
with  the  laps  and  0.40  for  flow  against  the  laps.  The  value  for  flow  with  the 
laps  would  thus  be  identical  with  that  offered  for  ordinary  riveting  in  sheet- 
metal  pipes  in  class  la.     (See  discussion  under  Nos.  520  to  533,  following.) 

Nos.  520  to  633. — 4-inch,  6-inch,  8-inch,  and  10-inch  spiral-riveted  steel  pipe,  galvanized — Experimental 
lengths,  Purdue  University,  Indiana  {73) 

Beginning  in  1917,  thesis  work  of  senior  students  of  Purdue  University,  sup- 
plemented by  work  and  further  computations  of  F.  W.  Greve  and  R.  R.  Martin, 
resulted  in  extending  the  work  on  spiral-riveted  pipes  to  include  those  up  to 
10  inches  in  diameter.  Experiments  were  conducted  on  reaches  approximately 
40  feet  long,  of  galvanized  pipe.  (Note  that  Nos.  502-514  were  on  asphalt- 
coated  pipes.)  All  pipes  were  of  16-gauge  metal.  Tests  were  made  both  with 
and  against  the  laps.  Loss  of  head  was  determined  by  differential  gauges  at- 
tached to  piezometer  rings  with  multiple-hole  connections  to  the  water  prism. 
The  gauges  were  water-and-air  columns  for  low  flows  and  mercury  columns  for 
higher  velocities.     The  quantity  of  water  was  determined  by  weight. 

The  results  of  these  tests  showed  capacities  for  the  4  and  6  inch  sizes  of  gal- 
vanized pipe  to  be  but  slightly  less  than  Gehring  and  Schoder  found  for  similar 
pipe  when  asphalt-coated  (Nos.  502-514).  However,  for  the  8-inch  and  10-inch 
sizes  the  relative  capacities  were  materially  less.  The  only  difference  apparent 
was  that  between  the  asphalt  coats  and  the  galvanizing  coats,  the  asphalt  tending 
to  round  over  the  flat  rivet  heads  and  leave  them  less  in  evidence  than  was  the 
case  with  the  galvanized  coats. 

The  capacity  computations,  based  on  values  of  i^g=0.38  for  flow  with  the 
laps  and  0.44  for  flow  against  the  laps,  showed  a  slight  deficiency,  while  Schoder's 
tests  on  asphalt  coated  pipes  showed  a  slight  excess  capacity.  In  the  final 
recommendations,  values  of  Ks=0A4:  for  flow  with  the  laps  and  ^',=0.48  for 
flow  against  the  laps,  are  offered  as  more  conservative  for  field  installations. 

CORRUGATED   PIPE 

No.  602.— 24-inch  corrugated  iron  pipe — Outfall  sewer.   El  Paso,  Tex.    (168,  106) — Capacity    +12.1 
per  cent  for  No.  602  and  —1  per  cent  for  No.  602a 

In  August,  1913,  the  city  of  El  Paso  commenced  discharging  sewage  through  a 
temporary  outfall  of  24-inch  corrugated  pipe,  3,784  feet  long  and  between  a 
pumping  plant  and  the  outlet  in  the  Rio  Grande.  The  line  was  of  standard 
galvanized  iron,  the  sections  lapping  one  corrugation.  Soon  after  completion 
of  the  line  F.  H.  Todd  conducted  tests  for  the  determination  of  capacity.  Gauges 
were  set  at  three  points  on  the  line,  giving  the  loss  of  head  through  a  reach  of 
straight  pipe  1,038  feet  long  and  through  a  reach  containing  a  curve,  1,770  feet 
long.  At  the  outlet  end  the  water  was  checked  by  a  partition  board  so  that  the 
pipe  flowed  full  throughout  its  length.  Quantity  of  water  was  determined  by  a 
well-made  rectangular  weir  between  the  outlet  and  the  river.  The  piezometer 
connections  were  similar  to  those  used  by  the  writer,  consisting  of  small  brass 
tubing  sealed  at  the  end  but  drilled  on  the  side.  These  tubes  were  thrust  into 
the  water  prism  at  the  horizontal  diameter  of  the  pipe,  through  the  small-diameter 
corrugations.  This  arrangement  placed  the  actual  piezometer  orifice  well  out 
in  the  water  prism,  away  from  the  heavy  eddies  caused  by  the  corrugations. 
From  the  piezometers,  rubber  tubing  led  to  gauge  glasses  mounted  beside  paper 
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scales.  These  glasses  were  set  by  levels  so  that  the  loss  of  head  was  determined 
by  direct  readings  of  the  three  water  columns.  The  elements  of  the  observations 
were  not  given  in  {168)  but  were  furnished  in  correspondence  by  Mr.  Todd. 

The  results  of  these  observations  can  probably  be  best  discussed  in  terms  of 
the  Kutter  formula,  as  all  the  meager  data  on  this  type  of  surface  were  developed 
in  the  same  way.  For  the  straight  pipe  the  average  value  of  n  was  0.01985,  while 
for  the  section  including  the  curve  this  average  n  was  0.0212.  It  is  interesting  to 
compare  these  figures  with  those  found  by  D.  L.  Yarnell  and  his  associates  in  the 
laboratory  at  Iowa  City,  Iowa:  "The  coefficient  of  roughness,  n,  in  the  Kutter 
formula,  for  the  corrugated  metal  pipe  ranges  from  0.019  for  the  12-inch  size  to 
0.023  for  the  30-inch  size"  {183,  p.  10).  An  increase  in  the  value  of  n  with  an 
increase  in  pipe  size  is  characteristic  of  all  pipes. 

APPENDIX  2 

No.  227. — Experiment  S-135a-c-d — 65-inch  welded  steel  pipe  with  riveted  field  seams — Mokelumne 
Aqueduct,  East  Bay  municipal  utility  district,  California— See  No.  164  (58)— Capacity,  reach  227a,  -|-3 
per  cent;  reach  227b,  +7.9  per  cent;  reach  227c,  +8.2  per  cent 

The  new  aqueduct,  leading  from  Pardee  Reservoir,  on  the  Mokelumne  River, 
to  the  cities  of  Oakland  and  Berkeley,  and  other  towns,  comprising  the  East 
Bay  municipal  utility  district,  was  placed  in  operation  during  the  summer  of 
1929.  A  short  time  later  a  test  for  the  determination  of  the  initial  coefficients 
of  retardation  was  made  in  informal  cooperation  with  the  engineers  of  the  dis- 
trict. This  test  was  made  on  four  separate  reaches  of  steel  pipe  line  aggregating 
some  80  miles  in  length. 

The  various  units  of  this  pipe  were  fabricated  in  the  shop  by  bending  two 
plates,  each  30-feet  long,  to  the  curve  of  the  pipe  and  electric-welding  the  two 
straight  seams.  (Plate  1,  D.)  Thus  the  only  girth  seams  were  those  made  in 
the  field,  for  the  most  part  by  riveting  through  a  bell-and-spigot  joint,  formerly 
called  a  "straight-bump"  or  through  butt  straps.  That  is,  the  various  units 
are  cylinders  of  equal  size. 

Mercury  U-tube  columns  were  set  up  at  five  points  between  the  dam  at  the 
reservoir  and  the  pumping  plant  at  Walnut  Creek.  The  pressure  head  in  the 
pipe  line  operated  on  the  mercury  gauges  through  standard  ^^-inch  valves  in  the 
pipe  connections  of  five  air  valves  at  summits.  All  of  the  connections  were  thus 
identical  and  the  difference  in  elevations  of  the  summits  of  the  various  water 
columns  equivalent  to  the  observed  mercury  columns  of  course  gave  the  loss  of 
elevation  as  the  water  flowed  from  gauge  to  gauge.  The  quantity  of  flow  was 
measured  at  two  Venturi  meters,  one  near  the  dam  and  the  other  at  the  pumping 
plant  mentioned  above.  These  had  just  been  checked  by  observations  of  the 
mercury  test-columns.  The  metered  flow  was  checked  by  two  observations  of 
the  velocity  in  the  last  10  miles  of  line,  timing  shots  of  potassium  permanganate 
and  of  fluorescein.  A  correction  of  about  one-half  per  cent  was  necessary. 
The  test  was  made  at  but  one  flow,  the  maximum  possible  for  the  stage  of  water 
in  the  reservoir,  at  much  less  than  full  capacity.  The  booster  pump  at  Walnut 
Creek  was  operated  to  maintain  a  uniform  pressure  of  but  5  or  6  pounds  at  the 
intake  pipe.  Readings  of  the  various  gauges  and  of  the  Venturi  meters  extended 
over  a  period  of  5  hours,  at  intervals  of  15  minutes.  Three  of  the  mercury 
columns  reflected  pressure  heads  of  less  than  50  feet  but  two  of  them  required 
the  long  leg  of  the  mercury  column  to  be  from  19  to  22  feet — believed  to  be  an 
unprecedented  head  for  a  portable  mercury  gauge.  For  each  gauge  a  single 
sight  with  a  Y  level  carried  the  elevations  from  bench  marks  set  in  the  concrete 
tops  of  the  valve  boxes.  These  bench  marks  represented  the  final  level  compu- 
tations for  many  parallel  level  lines. 

The  necessary  temperature  readings  were  taken  in  order  to  convert  the  par- 
ticular mercury  column  for  the  particular  temperature  at  that  moment,  to  the 
equivalent  water  column  at  the  average  particular  temperature  in  the  whole 
aqueduct,  80  miles  long,  that  had  a  bearing  on  the  pressure  balanced  by  the 
mercury  column. 

The  writer  regards  these  observations  as  deserving  higher  regard  than  any 
similar  tests  previously  made. 

The  coefficients  of  retardation  all  indicate  a  capacity  slightly  above  that  when 
computed  by  the  coefficients  recommended  in  this  bulletin.  However,  this  ex- 
cess is  not  greater  than  should  be  expected  since  the  conditions  for  this  aqueduct 
were  more  favorable  than  would  usually  be  the  case.  The  reaches  are  long  and 
relatively  straight  in  both  plan  and  profile.  The  coating  was  considered  among 
the  best  obtainable,  regardless  of  cost.  As  shown  in  the  photograph  (Plate  1, 
D),  there  were  no  wrinkles  or  bumps,  so  often  found  after  dipping. 
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Reach  227a,  about  22  miles  long,  of  bell-and-spigot  pipe,  in  plate  Yia  and  H 
inch  thick,  extended  from  the  dam,  out  through  the  rolling  foothills  to  the  floor  of 
the  valley.  It  had  more  curvature  and  more  undulations  of  profile  than  the 
other  portions  tested.  The  retardation  coefficients  indicated  a  capacity  some 
6  per  cent  less  than  that  of  the  more  distant  portions  of  the  line.  This  phenome- 
non was  commented  upon  by  Mills  and  a  formula  was  developed  to  indicate  the 
difference  in  lines  close  to  reservoirs  and  those  farther  away.  However,  the  line 
had  been  in  operation  such  a  short  time  that  the  writer  does  not  believe  this 
accounts  for  the  difference  in  coefficients.  The  coefficients  for  this  reach  indicate 
capacity  less  than  1  per  cent  better  than  do  the  coefficients  for  the  reach  just 
beyond,  No.  164,  a  compound  pipe  some  25  miles  long.  Reach  227b  lies  beyond 
the  compound  pip)e,  on  the  flat  floor  of  the  valley.  The  straight  lengths  so  far 
exceed  the  curvature  that  it  can  be  considered  as  a  straight  pipe.  While  about 
10  miles  in  length,  this  reach  contains  nearly  5  miles  of  pipe  with  field  girth  joints 
abutting  without  rivet  heads.  Some  of  these  joints  were  butt-welded  with  acety- 
lene torch  but  for  the  most  part  they  were  electric  welded  under  butt-strap 
sleeves.  This  reach  classifies  midway  between  classes  2  and  3.  The  coefficients 
for  this  reach  are  in  close  conformity  with  those  found  by  Randlett  on  the  Port- 
land, Greg.,  pipe  (No.  226)  and  by  Kempkey  for  the  Vallejo,  Calif.,  pipe  (No. 
162).  Reach  227c  some  22  miles  long  was  all  single-riveted  under  butt-straps, 
of  plates  either  %  ot  Yiq  inch  thick.  The  thickness  of  plate  does  not  affect  the 
capacity  in  this  case  as  the  pipe  sections  were  all  cylinders  of  identical  size  with 
abutting  ends.  Here,  too,  the  capacity  is  more  than  would  be  computed  for  this 
type  of  pipe  according  to  the  writer's  formula,  but  it  is  believed  that  the  condi- 
tions surrounding  this  pipe  warrant  such  an  excess  over  that  computed  for  usual 
conditions.  (See  pipe  No.  164,  which  is  a  reach  of  compound  pipes  placed  be- 
tween 227a  and  227b.) 

No.  164. — Experiment  S-135b — Compound  pipe,  54  to  65  incli,  Mokelumne  Aqueduct,  E^t  Bay  municipal 
utility  district,  California— See  No.  227  (3S)— Capacity  +3.9  per  cent 

Just  following  the  reach  described  as  No.  227a  the  aqueduct  at  present  (1929) 
consists  of  some  26  miles  of  pipe  of  various  sizes,  all  of  )^-inch  plate,  welded  or 
lock-bar  seamed  in  the  longitudinal  joints  and  mostly  double-riveted  under 
butt  straps  at  the  field  girth  seams.  The  sequence  and  distribution  of  sizes  is 
given  in  Table  2.  The  only  part  requiring  explanation  is  at  the  triple  river 
crossings  where  the  flow  in  a  single  pipe  is  divided  between  two  54-inch  pipes, 
again  returning  to  a  single  pipe  after  each  crossing.  The  assumption  is  made  that 
the  flow  divides  equally;  hence  that  the  velocity  is  but  half  that  if  the  full  flow  w^ent 
through  one  54-inch  pipe.  However,  the  retardation  loss  is,  of  course,  running 
simultaneously  in  the  two  pipes  so  it  is  computed  for  half  flow  in  a  single  pipe. 
This  reach  is  so  long  that  local  losses  at  the  transitions  between  sizes  can  be 
ignored.  The  overall  loss  of  head  between  mercury  columns  was  nearly  102  feet. 
Aside  from  the  dips  at  the  river  crossings  this  reach  extends  over  perfectly  flat 
country  and  has  but  little  curvature.  The  coefficients  of  retardation  are  slightly 
better  than  for  No.  227a,  preceding.  Likewise  they  are  inferior  to  those  for  Nos. 
227b  and  227c  following,  showing  a  progressive  improvement  in  capacity  factors 
as  distance  from  the  reservoir  is  attained.  (See  No.  227  above  for  description 
of  tests.) 
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INTRODUCTION 

The  roco^ition  and  control  of  bee  diseases  is  of  prime  importance 
in  the  commercial  production  of  honey.  The  serious  bacterial  dis- 
eases of  the  brood  have  been  extensively  studied,  and  the  life  histories 
of  their  causative  organisms  and  the  methods  for  control  are  fairly 
well  understood.  There  exist,  however,  other  diseases  of  the  brood 
and  of  adult  bees,  seemingly  of  lesser  consequence,  the  causes  of 
which  are  not  yet  known  and  for  which  satisfactory  methods  of 
control  have  not  been  determined. 

The  writer  has  shown  in  an  earlier  paper  (o)^  that  a  considerable 
number  of  species  of  fungi  occur  regularly  on  adult  bees,  and  less 
frequently  on  their  brood,  which  completely  mummify  all  of  the 
softer  tissues.  Most  of  these  species  of  fungi  are  capable  of  establish- 
ing themselves  on  the  brood  combs  under  conditions  that  often  pre- 


*  This  bulletin,  prepared  in  part  fulfillmont  of  the  requirements  for  the  degree  of  doctor 
of  philosophy  at  the  Univi-rsity  of  MiciiiKan,  is  a  joint  contribution  from  the  Bureau  of 
Entomology,  U.  S.  Department  of  Agriculture,  and  the  Univorsity  of  Michigan.  The 
exp«»rimental  work  was  done  in  the  laboratories  of  the  department  of  botany  of  the 
University  of  Michigan  and  the  bee  culture  laboratory  of  the  Bureau  of  Entomology  at 
Somerset,  Md.  The  author  acknowledges  the  valuable  advice  and  assistance  of  C.  H. 
Kauffman.  of  the  University  of  Michigan,  under  whose  direct  supervision  this  work  was 
done;  of  H.  H.  Bartlett.  or  the  University  of  Michigan;  of  .Tnmes  I.  Hambleton,  senior 
aplculturist.  in  Aarge  of  division  of  bee  culture.  Bun-au  of  Entomology  ;  and  of  E.  F. 
Phillips,  formerly  apiculturist  in  charge  of  bee  culture  investigations.  Bureau  of  Ento- 
mology, and  now  professor  of  apiculture  in  the  New  York  State  College  of  Agriculture. 
Special  acknowledgments  are  due  to  Charles  Thorn  and  M.  B.  Church,  of  the  Bureau  of 
Chemistry  and  Soils,  for  assistance  in  the  identification  of  the  forms  used. 

'  Reference   is  made  by  Italic  numbers  in  parentheses  to  *'  Literature  cited,"  p.  40. 
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vail  within  the  hive  during  late  winter  and  spring.  The  ecology  of 
these  fungi  on  bees  in  all  stages  and  their  relation  to  bee  diseases 
have  never  been  fully  worked  out. 

During  the  past  three  years  a  mycological  study  has  been  made 
by  the  writer,  in  culture  and  on  bees,  of  a  considerable  number  of 
species  of  fungi  that  were  isolated  from  adults,  larvae,  and  combs. 
Experiments  have  been  performed  to  determine  whether  the  fungi 
that  are  commonly  found  on  bees  are  purely  saprophytic  or  whether, 
under  conditions  favorable  for  infection,  they  can  attack  and  kill 
healthy  bees  or  brood. 

HISTORICAL 

The  existence  of  diseases  of  bees  was  first  recorded  by  writers  be- 
fore the  beginning  of  the  Christian  era,  but  the  descriptions  are  too 
meager  to  identify  them.  The  more  careful  study  in  Europe  of  dis- 
eases of  brood  dates  from  the  work  of  Schirach  {21)  in  1771,  but 
for  more  than  a  century  following  it  was  quite  generally  believed  that 
there  was  only  one  such  disorder.  Succeeding  reports  in  Europe  sup- 
ported this  view.  During  the  decade  just  preceding  the  twentieth 
century  American  beekeepers  came  to  believe  that  more  than  one 
disease  of  the  brood  existed,  and  that  these  diseases  were  of  decidedly 
different  characters.  This  has  been  conclusively  proven  in  the 
United  States,  chiefly  by  the  investigations  of  White,  who  describes 
and  figures  two  bacterial  brood  diseases,  a  filterable  virus  disease, 
and  one  protozoan  disease  of  adult  bees,  in  a  series  of  papers  dating 
from  1917  to  1920.  The  diseases  described  by  him  are  sacbrood 
(^5),  Nosema  disease  {29)^  American  foulbrood  {SO)^  and  Euro- 
pean foulbrood  {31).  More  recent  valuable  additions  to  the  knowl- 
edge of  brood  diseases  and  their  control  have  appeared  in  the  publi- 
cations of  Sturtevant  {22,  23),  and  Zander  {32,  33). 

The  study  of  diseases  of  bees  due  to  fungi  has  been  much  later  in 
its  development  than  the  study  of  those  caused  by  bacteria.  Much 
the  greater  share  of  the  attention  of  investigators  of  bee  diseases  has 
been  given  to  the  tAvo  serious  bacterial  brood  diseases,  American  foul- 
brood and  European  foulbrood,  caused  respectively  by  Baeillus 
larvae  and  B.  pluton.  In  America  only  two  reports  are  on  record 
of  diseases  of  bees  and  their  brood  caused  by  hyphomycetous  fungi. 
In  1896  Howard  {IJ^),  of  Texas,  described  a  new  brood  disease  which 
he  called  "  pickled  brood  or  white  fungus,"  caused  by  a  species  of 
Aspergillus  to  which  he  gave  the  name  ^''Aspergillus  pollAniP  Two 
years  later  he  described  {IS)  the  same  disease  as  occurring  in  both 
pupae  and  adult  bees  and  stated  his  belief  that  this  disease  had  been 
mistakenly  diagnosed  by  beekeepers  as  paralysis. 

In  both  reports  Howard  gives  descriptions  and  illustrations  of  the 
disease,  which  he  called  "  pickled  brood  or  white,  fungus,"  which  are 
more  readily  applicable  to  the  disease  known  as  sacbrood  than  to 
those  caused  by  fungi.  He  ascribed  this  disease  to  the  pathogenic 
Aspergillus,  A.  poUini.  The  dead  larvae  are  described  as  at  first 
white  and  w^atery,  later  becoming  black  and  swollen,  and  finally  dry- 
ing down  to  black  scales.  In  no  case  was  the  fungus,  which  Howard 
assumes  to  be  the  cause  of  the  disease,  observed  on  the  larvae,  and 
isolations  of  the  organism  were  not  made.  In  adult  bees  the  disease 
is  described  as  causing  black,  shiny,  apparently  frozen  abdomens. 
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The  affected  bees  become  much  weakened,  are  capable  of  only  feeble, 
trembling  movements,  and  finally  die.  As  in  the  case  of  the  brood 
killed  by  the  "  pickled  brood  "  disease,  the  fungus  was  not  observed  on 
or  within  the  tissues  of  the  infected  bees,  but  when  cultures  were  pre- 
pared from  the  alimentary  canals  of  these  bees,  A.  pollird  developed 
constantly  to  the  exclusion  of  all  other  fungi. 

It  appears  probable,  therefore,  that  Howard  may  have  observed 
one  or  more  species  of  Aspergillus  on  brood  combs  and  succeeded  in 
culturing  these,  or  other  species,  from  the  alimentary  canals  of 
adult  bees.  His  technical  descriptions  of  Aspergilhcs  pollini  are 
entirely  too  meager  to  make  it  possible  to  determine  which  of  the 
numerous  species  of  Aspergillus  were  observed.  If  they  are  patho- 
genic for  bees,  it  is  evident  that  he  either  did  not  observe  a  true 
mycosis  of  bees  or  confused  the  condition  with  other  disturbances. 

Diseases  of  bees  caused  by  fungi  have  not  been  reported  from 
Xorth  America  since  then.  This  may  probably  be  attributed  to  the 
fact  that  fungous  diseases  of  bees  appear  less  destructive  than  the 
common  bacterial  diseases  of  bees  and  seldom  become  epidemic. 

In  Europe,  on  the  other  hand,  two  species  of  fungi,  AspergilliiS 
favus  Link  and  Perici/stls  apis  Maassen,  are  widely  recognized  as 
the  causative  organisms  of  diseases  of  brood  and  adult  bees.  Of 
these,  A.  -flavus  is  considered  of  the  greater  economic  importance, 
since  it  attacks  worker  brood  and  adult  bees,  whereas  P.  apis  usually 
attacks  only  drone  brood.  The  two  brood  diseases  stone  brood 
(Steinbrut),  caused  by  A.  -flavus^  and  chalk  brood  (Kalkbrut), 
caused  by  P.  apis^  have  received  more  attention  from  European 
beekeepers  and  investigators  than  has  the  disease  of  adult  bees  caused 
by  A.  fofvus.  This  might  readily  be  expected  as  a  direct  result  of 
the  nature  of  the  diseases  and  the  reaction  of  infected  adult  bees. 
Pericystis  mycosis  is  mentioned  by  Claussen  (^),  Bahr  (^),  and 
Morgenthaler,  Kessling,  and  Hunselmann  (in  communications  with 
Claussen).  Claussen  describes  it  as  benign  and  transient  rather  than 
malignant,  affecting  capped  as  well  as  uncapped  drone  brood  and 
passing  over  to  worker  brood  in  severe  or  exceptional  cases.  He 
states  that  dead  and  diseased  larvae  may  be  thrown  out  of  the  hive 
by  the  bees  or  allowed  to  remain  in  the  brood  combs,  where  they 
become  mummified  after  they  are  overgrown  with  white  mycelium. 
The  bees,  however,  usually  allow  any  brood  killed  by  A.  -flaims  to 
remain  in  the  combs  for  a  consideraole  length  of  time,  or  at  most 
only  partially  remove  it,  since  destruction  of  the  cell  walls  is  often 
necessary  for  complete  removal. 

Slight  infection  among  the  brood  quickly  attracts  the  attention  of 
an  observing  beekeej^er,  whereas  he  may  completely  overlook  a  con- 
siderable number  of  adult  bees  dead  of  this  disease,  owing  to  the  fact 
that  during  the  active  season  worn-out  field  bees  die  normallj  in 
considerable  numbers  about  the  hive.  The  writer,  therefore,  believes 
that  the  importance  of  Aspergillus  mycosis  as  a  brood  disease  may 
have  been  overestimated  in  comparison  with  its  importance  as  a 
disease  of  adult  bees. 

Recent  research  in  Europe  seems  to  indicate  that  other  fungi  than 
the  foregoing  may  under  favorable  conditions  infect  and  kill  bees 
and  their  brood.  Fielitz  (10)^  working  with  three  fungi,  Tricho- 
dei^iia  lignot'V/ni  Tode,  Mucor  rnucedo  Linne,  and  Penicilliwm  glav/mtn. 


Link,  found  on  mummified  bees  in  Germany,  was  able  to  infect  capped 
and  uncapped  brood  and  adult  bees  by  artificial  inoculation  with  the 
first  two.  T.  lignorum  was  shown  to  be  capable  of  becoming  actively 
pathogenic  when  introduced  into  healthy  colonies  on  brood  combs. 
When  similarly  introduced,  M.  Truwcedo  attacked  and  killed  brood  in 
capped  cells  and  an  occasional  adult  bee.  In  his  experiments  with 
P.  glaucu77i  neither  the  bees  nor  their  brood  were  attacked,  although 
it  is  one  of  the  commonest  organisms  in  the  hive. 

While  makin<r  anatomical  studies  of  honeybees  aifected  with  con- 
stipation, Lardmois  {17)  claims  to  have  observed  Saccharomyces 
aficulatus  (Reess)  Hansen  constantly  associated  with  lesions  in  the 
tissues.  The  same  organism  occurred  in  the  intestines  of  dead  pupae 
that  were  thrown  out  of  the  hive,  in  the  food  of  larvae,  and  in  honey. 
Lardinois  asserts  his  belief  that  S.  ayicvUabws  is  the  sole  cause  of  May 
disease  and  that  disturbances  commonly  recognized  as  constipation, 
paralysis,  convulsions,  staggering,  malformation,  and  death  of  brood 
are,  in  reality,  all  forms  of  the  disease  which  he  called  saccharo- 
mycosis.  He  does  not  support  these  conclusions  by  inoculation  ex- 
periments but  draws  them  solely  from  the  fact  that  this  yeast  occurs 
in  "  lesions"  and  in  the  intestine  of  bees  affected  with  " May  disease." 
Doctor  Lardinois  believes,  however,  that  these  conclusions  may  be 
easily  verified. 

One  is  quickly  led  to  believe  that  bee  diseases  caused  by  pathogenic 
fungi  may  be  more  widespread  than  is  commonly  supposed.  A  com- 
parison of  conditions  in  Europe,  where  a  number  of  recognized  fungi 
are  known  to  cause  diseases  of  bees,  with  conditions  in  this  country 
would  make  it  seem  likely  that  the  same  fungi  are  capable  of  attack- 
ing bees  here.  The  publications  of  Thom  and  Church  (^^/  25-^ 
p.  200)  show  that  a  great  number  of  strains  of  Aspergillus^  flavus 
are  found  in  America.  Mucor  Tnucedo  and  Trichodemia  lignorum 
also  occur  elsewhere  than  in  Europe.  Perioystis  apis  and  P.  ol/vei 
Betts,  which,  according  to  Claussen  (^),  differ  in  certain  morpho- 
logical characters  and  in  their  ability  to  attack  brood  of  bees,  have 
never  been  reported  from  North  America.  Forms  of  Saccharotnyces 
apicuXatus^  which  Lardinois  has  stated  cause  disease  of  bees  in  France, 
are  widely  distributed  in  North  America.  The  writer  has  frequently 
found  these  forms  in  North  America  within  the  alimentary  canal  of 
bees  and  in  honey, 

INVESTIGATIONS  WITH  PATHOGENS 

DESCRIPTIONS  AND  LOCATIONS  OF  APIARIES  USED 

Apiaries  located  in  the  vicinity  of  Bronson,  Mich.,  were  used  in 
these  investigations  for  securing  specimens  of  fungi  and  for  making 
tests  for  pathogenicity  and  control.  These  apiaries  are  situated  on 
boulder  clay  and  sandy  drift  formations  in  a  general  farming  com- 
munity. Three  honey  flows  occur  annually  in  the  region,  providing 
a  plentiful  supply  of  stores  at  all  times  when  weather  conditions  are 
favorable. 

The  experimental  apiary  of  the  botanical  laboratory  of  the  Uni- 
versity of  Michigan  at  Ann  Arbor  was  also  used  in  these  investiga- 
tions. This  apiary  was  located  on  the  roof  of  the  Natural  Science 
Building,  thus  affording  excellent  conditions  for  recovering  diseased 
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bees.  With  the  beginning  of  cold  weather  the  colonies  were  placed 
in  an  attic  where  a  temperature  of  about  55°  F.  was  maintained, 
affording  facilities  for  manipulating  the  bees  during  cold  weather 
without  danger  of  chilling  them.  The  general  conditions  here  with 
respect  to  honey  flows  and  weather  factors  are  essentially  the  same 
as  at  Bronson,  excepting  that  here  the  early  spring  honey  flow  is 
somewhat  heavier  on  account  of  the  surrounding  fruit  farms.  On 
the  other  hand,  the  fall  honey  flow  from  wild  flowers  is  somewhat  less. 
Two  apiaries  of  the  bee-culture  laboratory  of  the  Bureau  of  Ento- 
mology at  Somerset,  Md.,  were  used  during  the  summers  of  1924, 
1925,  and  1926.  One  of  these  was  located  at  the  laboratory,  while 
the  other  was  about  a  quarter  of  a  mile  away.  Forest  trees,  par- 
ticularly species  of  Acer  and  Salix,  provide  a  source  of  nectar  dur- 
ing early  spring,  but  the  main  honey  flow  is  from  the  tulip  tree 
{Lii^lodendrorij  tvlipifera).  Occasionally  basswood  (Tilia),  spruce 
(Picea),  and  locust  {Rohinia  pseudoacaola)  yield  appreciable  quan- 
tities of  nectar.    The  fall  flow  here  is  light  and  of  short  duration. 

Rx\CES  OF  BEES 

The  bees  used  for  the  tests  for  susceptibility  were  for  the  most  part 
Italians  and  Italian  hybrids,  including  workers,  drones,  and  queens. 
No  other  races  were  used  for  inoculation  experiments.  Pathogenic 
organisms  were  isolated,  however,  from  Carniolan  bees. 

The  colonies  used  for  inoculation  experiments  were,  most  of  them, 
in  5-frame  hives  (nuclei)  containing  three  or  more  frames  of 
brood.  Normal  colonies  in  standard  lO-frame  hives  were  also  occa- 
sionally used. 

THE  FUNGI  STUDIED 

The  fungi  used  were  isolated  from  bees  collected  from  widely 
different  sources. 

The  greater  number  of  forms  were  from  bees  from  the  experi- 
mental apiaries.  The  first  isolations  of  fungi  were  made  from  dead 
bees  and  their  brood  collected  at  Bronson,  Mich.,  during  the  early 
brood-rearing  season  of  1924,  and  others  were  made  from  bees  col- 
lected at  this  same  apiary  during  the  spring  of  1925  and  that  of  1926. 
During  the  summers  of  the  three  years  that  this  work  was  in  progress 
fungi  were  collected  from  the  apiaries  of  the  bee-culture  laboratory 
of  the  Bureau  of  Entomology.  Among  the  forms  obtained  here  were 
duplicates  of  most  of  those  collected  at  Bronson  and  elsewhere. 
Important  collections  were  also  made  from  the  experimental  apiary 
at  the  University  of  Michigan  during  the  academic  years  of  1924-25 
and  192r>-26. 

In  addition  to  the  collections  from  the  experimental  apiaries,  fungi 
have  been  isolated  from  samples  of  bees  or  brood  sent  to  the  bee- 
culture  laboratory  from  all  of  the  important  beekeeping  regions  of 
the  United  States.  Although  the  forms  isolated  from  such  samples 
duplicated  those  obtained  from  the  experimental  apiaries,  their 
presence  gave  an  indication  of  the  extent  of  the  range  of  these  forms. 
All  of  the  Asper^illi  in  the  following  list  appeared  with  sufficient 
regularity  to  indicate  their  distribution  among  bees  in  all  parts  of 
the  United  States,  and  two  species,  A.  flavm  and  A.  fumi(/atm,  were 
isolated  on  several  occasions  from  bees  imported  from  Europe.    The 
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yeasts  were  also  isolated  from  bees  from  numerous  sources  within 
the  United  States.  Trichoderma  koningi  was  isolated  from  adult 
bees  in  Maryland  and  from  mummified  larvae  from  Oregon.  Pen- 
cystis  apw  was  al^o  isolated  from  mummified  brood  sent  from  Eng- 
land and  from  Germany. 

The  fungi  included  in  the  following  list  were  found  to  attack  and 
kill  bees  when  the  latter  were  inoculated  experimentally.  Among 
the  Aspergilli,  with  the  exception  of  AspergiUiis  orysae  and  A.  para- 
siticus, many  cultures  other  than  those  indicated  were  isolated  from 
bees  and  tested  for  parasitic  properties.  This  is  true  especially  of 
the  A.  ■fiavus-Oi'yzae  and  the  A.  fumigatus  groups. 

Aspergillus  flanus  (Link),  sensu  Thorn  and  Church.  Author's  collection:  1, 
3,  4,  5,  7,  9,  12,  28,  12340.    Thorn  and  Church  collection :  Ao5c,  183,  108. 

Aspergillus  oryzae,  (Ahlburg,  Cohn),  sensu  Thorn  and  Church.  Thoni  and 
Church  collection :  113  L,  Ao5b. 

Aspergillus  effusus,  VIII ;  D.  C. 

Aspergillus  parasiticus  Speare. 

Aspergillus  flavus-orgzae,  sensu  Thorn  and  Church.  Thorn  and  Church  col- 
lection :  Aop,  Apb,  Aob.  AoSa. 

Aspergillus  fumigatus  (Fresenius),  sensu  Thorn  and  Church.  Author's  col- 
lection: 1,  33,  12287,  12288.  Thorn  and  Church  collection:  Yates  IV,  118, 
4063-C-18. 

Aspergillus  nidulans  (Eidam),  sensu  Thorn  and  Church.  Author's  collection: 
1.     Thorn  and  Church  collection  :  110,  4010.4,  4415. 

Aspergillus  oohraceus  (Wilhelm),  sensu  Thorn  and  Church.  Author's  col- 
lection :  Conn. :  D.  C.  Thorn  and  Church  collection :  112,  2399,  4020.4,  4065.1, 
4640.476,  4640.483. 

Aspergillus  glaucus  (Link),  sensu  Thorn  and  Church.  Author's  collection:  1, 
Ann  Arbor,  Mich.     Thorn  and  Church  collection :  3528.7. 

Saccharomyces  eUipsoideus  Hansen. 

Sdccharomgces  ceremsiae  Hansen. 

Sacclnaromyces  apiculatus  (Reess),  Hansen. 

Mycoderma  cerevisiae  (Desm),  Hansen.    Author's  collection:  I,  II. 

Torula  sp. 

MuGor  hiemkiUs  V^ehmer, 

COLLECTION  OF  FUNGI  FROM  COLONIES  AND  FROM  INDIVIDUAL 

BEES 

Fungous  pathogens  of  honeybees  were  collected  from  colonies  and 
from  individual  bees  in  the  vicinity  of  experimental  apiaries.  Early 
in  the  spring  the  interior  of  the  hives  and  the  ground  about  the 
apiary  Avere  examined  for  infected  bees.  Similar  examinations  were 
continued  during  the  summer  and  fall,  and  less  frequently  during 
the  winter  in  colonies  wintered  indoors.  Adult  bees,  including  queens 
and  drones,  with  fungus-infected  tissues  or  with  conidiophores  and 
conidia  upon  their  outer  surface  yielded  pathogenic  forms.  Crawl- 
ing bees,  unable  to  fly  and  apparently  diseased,  w^ere  collected.  These 
bees  were  either  used  immediately  for  isolation  experiments  or  were 
caged,  under  conditions  favorable  for  the  continued  development 
of  fungi,  for  examination  later.  Usually  the  greater  number  of  such 
bees  died  within  a  short  time  after  having  been  caged.  At  other 
times  their  condition  appeared  not  to  shorten  their  lives.  The  num- 
ber of  infected  bees  appeared  to  increase  noticeably  after  warm 
summer  rains  and  those  collected  yielded  a  higher  percentage  of 
pathogenic  organisms.  Fungus-infected  larvae  were  found  in  weak 
colonies  in  early  spring.  Infected  larvae  were  also  found  in  colonies 
in  which  facultative  parasites  were  growing  on  the  brood  combs.    It 
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was  not  uncommon  to  find  brood  attacked  during  the  spring  in 
colonies  which,  owing  to  weather  conditions  or  other  factors,  had 
a  high  mortality  when  normally  the  population  should  have  been  in- 
creasing. The  quantity  of  diseased  brood  was  found  to  be  less 
during  dry  weather.  At  all  times  of  the  year  strong  colonies  were 
found  to  be  relatively  free  from  pathogenic  fungi. 

EXAMINATION   OF  DISEASED   BEES  AND   ISOLATION   OF  PATHO- 
GENIC FUNGI 

The  methods  employed  in  the  isolation  of  pathogenic  fungi  from 
bees  must  depend  to  a  considerable  degree  upon  the  species  of  in- 
fecting organisms  and  the  extent  and  state  of  their  development. 
Samples  of  dead  bees  or  bees  in  various .  stages  of  development  of 
the  disease  were  therefore  examined  microscopically  to  determine 
the  stage  of  growth  of  the  fungus.  Isolation  of  filamentous  patho- 
gens was  least  difficult  when  spores  practically  free  from  contami- 
nating organisms  were  present  upon  the  body  of  the  bees.  The  tip 
of  an  inoculating  needle  drawn  to  a  sharp  point  was  moistened  by 
dipping  it  into  sterile  agar.  The  tip  of  a  spore-bearing  branch 
with  mature  spores  was  lightly  touched  and  a  few  spores  trans- 
ferred to  an  agar  plate.  Pure  cultures  of  the  organism  desired  were 
often  obtained  by  this  method  without  additional  effort.  When 
more  than  one  fungus  was  fruiting  upon  the  body  of  the  bee  or 
even  when  scattered  spores  of  other  fungi  were  present,  this  method 
usually  resulted  in  mixed  cultures.  Pure  cultures  of  the  Aspergilli, 
which  are  mostly  rapid  growers,  were  often  obtained  from  mixed 
cultures  by  cutting  off  the  tip  of  a  young  mycelium  and  transferring 
it  with  a  small  quantity  of  agar  to  a  fresh  plate.  When  contami- 
nation with  other  fungi  was  heavy,  or  when  the  contaminating 
organisms  grew  more  rapidly  than  the  fungus  to  be  isolated,  the 
dilution-spray  method  devised  by  Kauffman  (i6»,  f.  SGI^)  was  em- 
ployed with  good  results.  A  suspension  of  conidia  was  first  made  in 
a  tube  of  sterile  tap  water.  This  was  diluted  until  droplets  blown 
from  a  glass  tube  drawn  to  an  extremely  fine  bore  at  the  tip  con- 
tained an  average  of  about  one  spore.  One  or  two  plates  of  nutrient 
agar  were  sprayed  with  this  suspension,  the  spray  being  so  regulated 
that  droplets  on  the  agar  remained  separated  by  a  distance  of  about 
3  millimeters.  When  germinating  spores  first  appeared  single  spores 
with  germ  tubes  were  cut  and  transferred  with  small  pieces  of  agar 
to  separate  poured  plates.  Two  or  more  such  cultures  were  prepared 
in  each  instance.  When  contamination  occurred  transfers  were  made 
of  the  few  hyphae  from  the  single  spore  mycelium  as  soon  as  the 
contaminating  organism  became  visible. 

When  spores  were  present  only  within  the  exoskeleton  of  the  bees, 
and  especially  when  within  the  alimentary  canal,  isolation  of  pure 
cultures  was  difficult  on  account  of  the  presence  of  great  numbers  of 
bacteria.  When  these  conditions  were  met  with,  the  acidity  of  the 
nutrient  agar  upon  which  the  suspension  of  spores  was  sprayed  was 
made  slightly  greater  with  tartaric  acid,  and  the  cultures  were  kept 
at  a  temperature  of  about  10°  C.  until  the  spores  had  germinated. 
Though  the  growth  of  the  fungus  was  retarded  when  kept  at  this 
temperature,  the  growth  of  bacteria  was  practically  inhibited. 
Single  germinating  spores  were  then  cut  out  along  with  any  adhering 
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bacteria  and  transferred  to  sterile  plates.  These  cultures  were  kept 
in  the  cold  room  until  fungus  mycelium  had  grown  to  a  distance  of 
several  millimeters  beyond  the  zone  of  bacterial  growth.  The  tips 
of  hyphae,  apparently  free  of  bacteria,  were  then  cut  off  and  trans- 
ferred to  sterile  plates.  This  process  usually  resulted  in  pure  cul- 
tures. Whenever  bacteria  appeared,  the  process  was  repeated  as 
often  as  was  necessary. 

A  method  modified  somewhat  from  the  foregoing  was  used  when 
only  mycelium  was  present  within  the  tissues  of  the  bees.  Small 
pieces  of  tissue  containing  mycelium  were  placed  on  plates  of  nutri- 
ent agar  and  kept  at  10°  C.  It  was  not  always  necessary  to  place 
these  cultures  in  the  cold  room  when  they  could  be  closely  watched 
and  isolations  made  from  the  first  hyphae  that  grew  into  the  agar. 

Hyphae  grew  out  rapidly  from  the  infected  tissue,  and  the  tips  of 
the  first  appearing  hyphae  were  cut  off  and  transferred  before  bac- 
teria or  mycelium  from  spores  could  spread  beyond  the  point  of 
inoculation.  Pure  cultures  were  made  from  these  after  spores  had 
matured. 

The  isolation  of  yeasts  from  the  alimentary  canal  of  the  bee  re- 
quired a  more  delicate  technic  than  the  isolation  of  filamentous  fungi 
because  of  the  presence  of  other  contaminating  forms.  When  yeasts 
occurred  within  the  tissues  or  blood  of  bees  they  were  readily  isolated 
since  they  were  usually  found  here  in  pure  or  nearly  pure  culture. 
In  the  isolation  of  yeasts  a  sufficient  quantity  of  acicl  was  added  to 
the  medium  to  retard  the  growth  of  bacteria,  thus  facilitating  the 
isolation  of  pure  yeast  cultures. 

To  obtain  pure  yeast  cultures  the  spray  method  described  above 
was  used.  A  suspension  of  yeast  cells  was  sprayed  on  beer-wort 
agar  or  on  Leonian's  agar  in  Petri  dishes.  The  location  of  the 
droplets  after  evaporation  was  marked  by  a  perceptible  deposit  of 
lime  from  the  tap  water.  After  from  12  to  24  hours  these  spots  were 
examined  under  the  microscope,  and  those  that  contained  yeast 
colonies  developed  from  single  yeast  cells  were  marked  by  scratch- 
ing the  agar  about  them  with  a  sterile  needle.  When  these  colonies 
had  developed  to  contain  several  hundred  cells  second  dilutions  and 
sprays  were  made  from  them.  From  these  cultures,  or  from  similar 
succeeding  ones  when  bacterial  contamination  was  heavy,  yeast 
colonies  free  from  bacteria  were  obtained.  Colonies,  the  origin  of 
which  could  be  traced  to  a  single  cell,  were  chosen  for  isolation  a 
second  time  to  avoid  the  possibility  of  mixed  yeast  cultures.  When 
the  original  culture  was  obtained  from  the  rectum  or  ventriculus  of  a 
bee  contamination  with  bacteria  was  usually  heavy,  and  several 
repetitions  of  the  process  were  often  necessary  to  obtain  bacteria-free 
cultures. 

CULTURE  METHODS 

For  the  culture  of  the  organisms  studied  the  usual  mycological 
equipment  was  used. 

Erlenmeyer  flasks  of  500  and  1,000  cubic  centimeter  capacity,,  filled 
to  a  depth  of  about  3  centimeters  with  liquid  nutrient  media,  were 
used  for  the  culture  of  pathogenic  organisms  in  experiments  to 
determine  the  production  of  metabolic  toxins.     Flask  cultures  iden- 
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tical  with  these  were  also  prepared  to  inoculate  large  quantities  of 
nutrient  solution  to  be  used  in  the  preparation  of  brood-comb 
cultures. 

PREPARATION  OF  THE  CULTURES 

All  of  the  fungi  tested  and  found  to  be  pathogenic  for  bees  were 
cultured  on  one  or  more  of  the  solid  or  liquid  nutrient  media  used. 
Cultures  of  these  fungi  were  prepared  by  inoculating  the  nutrient 
medium  in  the  culture  dish  with  a  single  spore  or  with  spores  or 
mj^celium  from  pure  cultures.  Normal  room  temperatures  were  gen- 
erally used  although  cold  rooms  and  electric  ovens  were  employed 
at  times.  Combs  were  sterilized  in  a  20  per  cent  aqueous  solution  of 
formaldehyde.  Two  liters  of  nutrient  solution  containing  spores 
of  the  desired  organism  taken  from  a  pure  culture  were  poured  into 
eacli  comb.  These  combs  were  kept  in  a  sterile  moist  chamber  until 
spores  had  matured  over  the  greater  part  of  their  surface.  Prac- 
tically pure  cultures  were  obtained  by  this  method.  The  few  con- 
taminating spores  which  settled  on  the  combs  while  the  spore  suspen- 
sion was  being  poured  were  soon  overgrown  and  rarely  matured. 

It  was  found  better  to  keep  the  moist  chambers  out  of  doors  while 
the  fungi  on  the  combs  were  developing,  or  at  least  in  rooms  where 
beekeeping  equipment,  particularly  extracting  and  brood  combs, 
were  not  stored,  since  under  proper  atmospheric  conditions  the  combs 
are  overgrown  with  fungi,  principally  Penicillia  and  Aspergilli. 
An  abundance  of  spores  of  such  pathogenic  organisms  within  the 
room  will  add  to  the  danger  of  spreading  the  molds  to  other  combs. 

One  strain  of  AspergilliLs  ochraceus  was  found  to  produce  but 
slight  growth  on  liquid  media.  Cultures  of  this  organism  on  combs 
produced  few  or  no  spores  and  were  usually  soon  overrun  by  species 
of  Penicillium.  Inoculation  of  colonies  with  this  organism  were 
generally  unsuccessful.  This  difficulty  was  overcome  by  culturing 
the  organism  on  heavy  sheets  of  reinforced  blotting  paper.  The 
blotting  paper  was  first  sterilized  and  then  saturated  with  nutrient 
agar  before  inoculation  by  spraying  with  a  suspension  of  spores. 
After  a  crop  of  spores  had  matured  the  sheets  of  blotting  paper  were 
suspended  in  the  hive  containing  the  colony  to  be  inoculated. 

THE   MEDIA    EMPLOYED 

Several  nutrient  media,  both  synthetic  and  natural,  were  used  dur- 
ing this  work  for  the  artificial  culture  of  the  organisms.  Solid  media 
which  were  used  extensively  for  isolation,  study,  storage,  and  ship- 
ping purposes,  were  prepared  by  the  addition  of  agar,  and  less  fre- 
quently gelatin,  to  the  nutrient  solutions.  The  agar  and  gelatin  were 
omitted  in  preparing  cultures  for  inoculation  purposes  when  it  was 
desired  to  have  a  large  quantity  of  spores  that  could  be  readily  freed 
from  the  medium.  Liquid  nutrient  media  were  also  used  when  the 
object  was  to  extract  toxic  products  of  pathogenic  organisms,  and  for 
the  culture  and  study  of  yeasts.  Natural  media,  such  as  potato,  car- 
rot, and  milk  were  rarely  used.  Occasionally  liquid  media  to  which 
a  small  quantity  of  tartaric  acid  was  added  were  used  when  it  was 
desired  to  eliminate  bacteria  from  the  yeast  cultures.  The  media 
used  in  the  course  of  these  investigations  are  described  on  the  pages 
that  follow. 

59850"— 30 2 
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Maltose  Agar 

Maltose grams__     5.  00 

Magnesium  sulphate . do .  10 

Calcium  nitrate do ,  50 

Potassium  phosphate,  dihydrogen do .  25 

Agar do 15.  00 

Water liter—     1 

Maltose  agar,  prepared  according  to  the  foregoing  formula,  which 
is  the  standard  culture  medium  in  use  in  the  cryptogamic  laboratory 
at  Ann  Arbor,  Mich.,  was  used  for  isolation  and  culture  of  fila- 
mentous fungi  and  for  isolation  of  yeasts.  This  agar  remains  clear 
and  light  colored  and  may  be  autoclaved  at  15  pounds  for  20  minutes, 
or  even  at  higher  temperatures  and  for  longer  periods,  without  hy- 
drolysis sufficient  to  prevent  solidification. 

Single  germinating  spores  are  easily  located  when  sprays  are  made 
on  maltose  agar,  and  transfers  are  facilitated  on  account  of  its  firm- 
ness. Most  of  the  pathogenic  filamentous  fungi  used  in  these  investi- 
gations grow  well  on  it  and  produce  spores  abundantly.  The  yeasts 
grow  slowly,  and  for  this  reason  it  serves  well  for  their  isolation,  but 
it  is  unsatisfactory^  for  culturing,  and  for  the  study  of  these 
organisms. 

Leonian's  Nutrient  Agar 


Potassium  phosphate,  dihydrogen grams 1.25 

Magnesium  sulphate do .  625 

Peptone do .  625 

Maltose _do 6.  250 

Malt   extract do 6.  250 

Agar do 13.  OO 

Water liter 1 

Leonian's  agar  is  darker  and  softer  than  maltose  agar  and  is  there- 
fore less  desirable  for  the  isolation  of  single  germinated  spores. 
On  account  of  its  softness,  cultures  do  not  ship  well  on  it  unless 
partially  dried.  It  was  found  to  give  the  best  results  for  the  isola- 
tion of  filamentous  pathogenic  fungi  from  the  infected  tissues  of 
bees.  Hyphae  from  small  pieces  of  infected  tissue  spread  more 
rapidly  into  this  agar  than  into  peptone  agar ;  consequently  the  dan- 
ger of  contamination  from  germinating  spores  of  fungi  other  than 
the  one  desired  is  lessened,  since  spores  appear  to  germinate  with 
equal  rapidity  on  either  of  these  agars.  Conidia  of  the  filamentous 
fungi  form  early  and  abundantly  on  Leonian's  agar,  and  all  of  the 
yeasts  encountered  in  these  investigations  grew  well  on  it. 

Czapek's  Solution  Agar 

Sodium  nitrate grams 3.00 

Potassium  phosphate do 1.  00 

Magnesium  sulphate do .  50 

Potassium  chloride do .  50 

Ferrous  sulphate do .  01 

Sucrose do 30.  00 

Agar do 15.00 

Water liter —     1 

All  of  the  Aspergilli  considered  here  and  described  by  Thom  and 
Church  {2S)  were  grown  by  them  upon  this  medium.  It  was  there- 
fore used  for  the  culture  and  identification  of  all  of  the  forms  of 
Aspergilli  that  have  been   found  to  be  pathogenic  to   honeybees. 
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Isolations  of  single  spores  can  be  made  as  readily  from  Czapek's 
solution  agar  as  irom  maltose  agar,  consequently  it  was  frequently 
used  .for  this  purpose. 

Beer-wort  Gelatin 

For  the  study  of  yeasts,  beer  wort  was  prepared  from  malted  barley 
and  hops  as  follows:  Two  hundred  grams  or  the  finely  ground  barley 
was  soaked  for  an  hour,  with  occasional  stirring,  in  a  liter  of  dis- 
tilled water  at  60°  C.  Four  grams  of  hops  was  then  added  and  the 
mixture  boiled  foi^  an  hour  during  which  time  it  was  stirred  at  inter- 
nals of  a  fe^w  minutes.  Water  was  added  from  time  to  time  to  main- 
tain the  original  volume.  The  barley  meal  was  then  separated  from 
the  liquid  by  straining  it  through  closely  woven  cloth,  and  the  liquid 
was  cleared  with  the  white  of  eggs.  The  quantity  of  maltose  present 
was  determined,  and  water  was  added  until  the  liquid  beer  wort  con- 
tained approximately  3  per  cent  of  this  sugar.  Gelatin  was  added 
to  the  clear  beer  wort  when  a  solid  medium  was  desired. 

Potato  Media 

Culture  media  for  yeasts  were  prepared  by  cutting  pieces  of  pota- 
toes the  proper  size  for  the  culture  dish  and  sterilizing  them  after 
stoppering  or  covering.  Potato-broth  agar  was  prepared  at  first  for 
the  purpose  of  storing  yeasts,  but  since  there  was  no  particular  advan- 
ttige  in  its  use,  it  was  replaced  with  beer-wort  gelatin. 

Liquid  Nutrient  Media 

Synthetic  and  natural  liquid  nutrient  media  were  prepared  accord- 
ing to  the  formulas  just  given  under  solid  media,  except  that  agar  and 
gelatin  were  omitted.  Honey,  dextrose,  and  levulose  were  sometimes 
substituted  foi*  the  sugars  given  in  these  formulas.  Beer  w^ort  was 
used  extensively  in  the  study  and  identification  of  yeasts,  since  most 
of  the  morphological  and  cultural  characteristics  of  yeasts  reported 
in  the  past  were  made  from  growth  in  this  nutrient  medium. 

Sucrose,  dextrose,  levulose,  maltose,  galactose,  dextrin,  inulin,  raf- 
finose,  d-mannose,  and  1-arabinose  were  tested  in  liquid  media  to  deter- 
mine the  ability  of  the  yeasts  listed  on  page  6  to  ferment  these 
sugars. 

EXPERIMENTS  WITH  BEES 

PRELIMINARY  INOCULATION  WITH  MOLDED  COMBS 

In  a  previous  study  of  the  fungi  associated  with  honeybees  (5, 
/?.  tfJ,  6*<9),  it  was  observed  that  species  of  two  groups,  the  Penicillia 
and  the  Aspergilli,  occur  with  greater  frequency  than  do  other  forms. 
These  fungi,  Penicillia  and  Aspergilli,  were  found  within  the  bodies 
of  bees  where  the  mycelium  had  permeated  all  of  the  softer  tissues, 
resulting  in  a  characteristic  mumification.  Formation  of  spores  of 
these  fungi  was  observed  to  occur  both  within  the  exoskeleton  and 
upon  the  exterior.  After  these  observations  a  question  arose  as  to  the 
relation  of  these  organisms  to  the  honeybee.  Was  the  bee  attacked 
before  death,  or  afterwards?  If  before,  death  might  have  resulted 
from  infection  by  the  fungus. 
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To  determine  this  point  preliminary  experiments  were  conducted 
in  the  writer's  apiary  at  Bronson,  Mich.,  during  the  spring  of  1924. 
A  search  was  made  of  the  entire  apiary,  and  the  combs  showing  the 
best  growth  of  mycelium  and  spores  of  Penicillia  and  Aspergilli 
were  selected.  Both  brood  combs  and  extracting  combs  were  found 
to  contain  these  forms.  Brood  combs  overgrown  with  Penicillia 
were  readily  found  in  colonies  that  had  wintered  badly  or  had  died 
during  the  winter.  Combs  even  partially  covered  with  Aspergilli 
w^ere  less  abundant.  In  order  to  find  a  sufficient  number  of  combs 
containing  Aspergilli,  it  was  necessary  to  examine  not  only  the  brood 
combs  but  the  extracting  combs  as  well.  , 

The  combs  containing  the  fungi  to  be  tested  for  pathogenicity 
were  placed  in  weak,  but  apparently  healthy,  colonies.  As  a  result 
of  these  inoculations  a  varying  degree  of  loss  of  bees  was  noticeable, 
and  in  one  case  the  death  of  the  entire  colony  resulted.  The  in- 
fected bees  appeared  to  die  at  a  considerable  distance  from  their 
hives,  and  dead  bees  were  not  found  in  unusual  numbers  on  the  bot- 
tom board  or  near  the  hives.  Numerous  bees  unable  to  fly  were 
found  crawling  about  the  apiary  during  the  time  the  inoculation 
experiments  were  in  progress.  It  was  found  that  about  50  per  cent 
of  the  dead  bees  collected  from  the  fronts  of  the  colonies  that  had 
been  given  infected  combs  produced  conidiophores  of  apparently 
the  same  species  as  those  used  in  the  inoculations.  In  order  to  pro- 
mote the  production  of  conidia  the  dead  bees  were  kept  in  moist 
chambers  at  room  temperature  for  from  5  to  7  days.. 

The  results  obtained  in  these  preliminary  experiments  were  con- 
sidered sufficient  to  warrant  further  study.  The  experiments  which 
follow  were  therefore  made  with  pure  cultures  of  a  considerable 
number  of  fungi  suspected  of  possessing  qualities  pathogenic  to  bees. 

INOCULATION  EXPERIMENTS  WITH  PURE  CULTURES 

Experiments  with  pure  cultures  of  the  organisms  were  of  two 
general  types.  In  the  one,  adult  bees  were  inoculated  and  kept  in 
cages  during  the  experiment.  In  the  other,  large  quantities  of  the 
inoculum  were  used  on  bees  in  normal  colonies. 

EXPERIMENTS  WITH  CAGED  BEES 

The  types  of  cages  used  for  confining  the  bees  during  the  experi- 
ments are  shown  in  Plate  1,  A  and  B.  The  cage  shown  in  A  was 
found  to  be  the  most  convenient,  as  the  removal  of  individual  bees 
was  facilitated.  In  this  cage,  also,  the  food  supply  was  easily  reached 
by  the  bees. 

Some  trouble  was  experienced  at  first  in  devising  a  method  of 
feeding  that  would  furnish  the  bees  an  abundant  supply  of  food  at 
all  times  without  danger  of  daubing  them  with  it.  This  smearing 
invariably  happened  in  the  use  of  candy  in  culture  dishes  when  the 
nutrient  agar  was  not  thoroughly  dried,  since  water  was  rapidly 
taken  up  from  the  agar  by  the  candy. 

A  satisfactory  method  was  finally  found  and  used  in  the  succeed- 
ing experiments.  Small  vials  were  filled  with  sugar  solution  or 
honey  and  covered  with  one  or  more  thicknesses  of  cheesecloth  fas- 
tened with  rubber  bands.     These  were  inverted  on  the  screen  covers 
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PLATE  1 


A  and  B.— Types  of  cases  used  in  inoculation  experiments  with  adult  bees. 

C— Brood  dead  of  Aspergillus  mycosis  produced  experimentally  by  inoculation  with  a  culture  of 

Aspergillus  effusus  on  a  brood  comb. 
D.— Larvae  recently  dead  of  Aspergillua  mycosis  caused  by  the  penetration  of  the  larval  skin  by 

germ  tubes  of  A.  flavua. 
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of  the  cages  so  that  the  food  cotild  readily  be  reached  by  the  bees. 
(PI.  1,  A  and  B. )  The  number  of  thicknesses  of  cheesecloth  required 
depended  upon  the  density  of  the  sirup  used.  Heavy  honeys  re- 
quired but  one  thickness,  but  for  dilute  sugar  sirups  two  or  more 
thicknesses  of  cloth  were  necessary  to  prevent  leakage. 

Bees  in  cages  were  inoculated  oy  being  placed  on  cultures  of  the 
fungi  or  by  mixing  the  spores  with  their  food.  Within  the  labora- 
tory, where  cultures  of  fungi  were  kept,  it  was  unsafe  to  inoculate 
bees,  by  the  first  of  the  two  methods,  with  fungi  that  form  dry  and 
dustlike  spores;  for  by  fanning  their  wings  the  bees  sent  a  dust  of 
spores  into  the  air.  Consequently,  inoculations  were  made  outside  of 
the  laboratory.  When  spores  of  fungi  were  mixed  with  the  food 
given  to  the  bees  the  danger  of  contamination  of  cultures  within  the 
laboratory  was  largely  avoided.  Abundant  space  outside  of  the  lab- 
oratory being  available,  however,  the  first  method  of  inoculation  was 
generally  used,  since  it  probably  approached  nearest  to  the  natural 
methods  by  which  bees  become  infected.  Complete  inoculations  re- 
sulted from  placing  the  bees  for  one  or  more  minutes  on  plate  cul- 
tures that  had  matured  a  good  crop  of  dry  spores.  After  inoculation 
the  bees  were  either  removed  to  sterile  dishes  or  caged,  until  the 
experiment  was  complete,  on  the  culture  upon  which  the  inoculation 
was  made.  A  cone  made  by  cutting  off  the  smaller  end  of  a  funnel, 
so  that  a  hole  w^ith  a  diameter  of  about  IY2  inches  was  left  at  that 
end,  was  used  for  transferring  the  bees  from  the  cultures  to  the 
cages.  The  small  end  was  placed  over  the  cage,  and  the  culture  dish 
containing  the  bees  was  opened  quickly  and  inverted  in  the  mouth  of 
the  funnel,  completely  closing  it.  When  the  bees  had  entered  the 
cage  the  cone  was  removed  and  the  screen  cover  quickly  placed  in 
position  and  fastened  with  rubber  bands.  After  a  little  practice  this 
operation  of  transferring  could  be  successfully  performed  without 
injuring  the  bees,  success  depending  upon  speed  and  precision  of 
manipulation. 

As  a  measure  of  precaution,  when  several  fungi  with  dustlike 
spores  were  being  tested  at  the  same  time,  inoculations  on  dried 
cultures  were  made  out  of  doors  and  the  cages  placed  in  different 
rooms,  or  in  different  parts  of  the  same  room.  This  prevented,  to  a 
large  extent,  infection  with  pathogenic  fungi  from  other  cages. 
When  this  precaution  was  not  observed,  a  high  percentage  of  infec- 
tion, at  times  reaching  more  than  70  per  cent,  could  be  traced  directly 
to  the  crossing  over  of  spores  from  adjacent  cages.  When  spores  of 
fungi  were  mixed  with  the  food  given  to  the  bees  these  precautions 
Avere  unnecessary. 

Selection  of  Bees  fob  the  Experiments 

Old  bees  from  the  field  force  of  a  colony  die  rapidly  when  caged, 
even  under  conditions  of  temperature,  moisture,  etc.,  that  duplicate 
those  of  the  hive.  Their  early  death  when  caged  appears  to  be  due 
in  part  to  continued  exertion  in  an  effort  to  escape.  Records  of  the 
death  rate  among  infected  bees  are  therefore  unsatisfactory  when 
field  bees  are  used.  Young  bees  for  caging  were  obtained  by  setting 
aside  frames  of  emerging  brood  a  few  days  before  bees  were  needed, 
or  by  lightly  shaking  frames  of  bees  to  rid  them  of  most  of  the  old 
bees,  as  young  bees  cling  more  tightly  to  the  combs  than  do  the  older 
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ones.  Young  bees  are  also  more  easily  handled,  since  they  are  less 
excitable  when  caged.  Young  drones  and  queens,  which  may  or 
may  not  have  recently  emerged,  are  quite  as  satisfactory  for  these 
experiments  as  are  worker"  bees,  and  were  frequently  included. 

EXPERIMENTS  WITH  COLONIES 

Colonies  were  inoculated  by  placing  matured  dry  cultures  of  fungi 
on  brood  combs  or  on  strips  of  blotting  paper  between  the  brood 
combs.  One  or  two  of  these  cultures  were  put  in  each  of  the  ex- 
perimental colonies.  Complete  infection  was  obtained  somewhat 
sooner  with  two  comb  cultures  than  with  one,  though  in  order  to 
secure  complete  infection  of  a  colony  it  was  necessary  to  use  cultures 
with  an  abundance  of  dry  spores  on  the  greater  portion  of  the  sur- 
face. Spores  were  soon  spread  to  all  parts  of  the  hive  by  the  worker 
bees  and  after  three  or  four  days  were  found  in  the  food  of  the  brood 
and  in  the  alimentary  canal  of  all  the  adult  bees  examined.  Colonies 
were  less  frequently  infected  by  mixing  spores  with  dilute  sugar 
sirup  and  confining  the  bees  to  the  mixture  for  food. 

BLOOD    INOCULATION    EXPERIMENTS 

The  blood  of  the  honeybee  is  well  protected  from  the  entrance  of 
microorganisms  by  the  tough  exoskeleton.  As  far  as  is  known,  in- 
fection by  pathogenic  organisms  occur's  only  by  way  of  the  alimen- 
tary canal.  Practically  nothing  has  been  done  to  determine  the 
resistance,  or  lack  of  resistance,  of  the  blood  of  the  honeybee  to 
infection  by  microorganisms.  A  series  of  blood  inoculations  of  adult 
bees  was  therefore  made  with  the  fungi  used  in  these  investigations. 

While  they  were  being  inoculated  the  bees  were  held  between  the 
thumb  and  the  second  finger,  with  the  wings  turned  upward  and 
held  with  the  foi'e  finger.  The  propodeum  was  moistened  by  lightly 
rubbing  it  with  a  wad  of  cotton  or  filter  paper  saturated  with  a 
water  suspension  of  the  organism  under  observation  until  a  film  was 
spread  over  the  surface.  This  portion  of  the  exoskeleton  was  care- 
fully punctured  with  a  fine-pointed  sterilized  needle.  When  the 
needle  was  withdrawn  the  watet  containing  the  spores  was  spread 
into  the  wound.  As  an  alternative  for  the  first  method,  the  needle 
was  dipped  into  the  suspension  of  spores  and  the  tip  inserted  into 
the  wound  a  second  time. 

Checks,  to  determine  the  effect  of  the  punctures  upon  the  bees,  were 
prepared  by  a  similar  treatment,  except  that  spores  were  omitted 
from  the  water  with  which  the  propodeum  was  moistened  or  in  which 
the  needle  was  dipped.  Inoculations  were  also  made  at  other  points 
on  the  body,  but  fatal  injuries  resulted  more  often  when  inoculations 
were  made  in  places  other  than  the  propodeum.  Inoculated  and  check 
bees  were  kept  in  cages  until  the  experiment  was  completed. 

EXPERIMENTS    WITH    BROOD 

In  addition  to  the  inoculation  of  colonies  in  which  spores  reached 
the  food  of  all  uncapped  brood,  uncapped  larvae  were  inoculated 
directly  from  plate  or  tube  cultures.  Dried  cultures  in  Petri  dishes 
or  tubes  were  scraped  with  a  scalpel  or  inoculating  needle  to  loosen 
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and  separate  the  spores.  The  dry  spores  were  then  shaken  only 
lightly  over  the  brood.  If  too  many  spores  were  shaken  into  the  cells, 
the  worker  bees  set  to  work  at  once  to  clean  them  out,  and  sometimes 
removed  the  brood  before  any  infection  could  be  determined.  If  the 
inoculated  brood  is  not  removed  by  the  workers  within  24  hours,  it  is 
usually  allowed  to  remain  in  the  comb  unless  death  from  infection 
occurs. 

A  somewhat  surer  method  was  used  with  fungi  that  do  not  produce 
abundant  spores,  and  when  the  evidence  obtained  with  dry  spores  was 
not  coTi<i(l(>ro(1  conclusive.  Water  suspensions  of  spores  were  pre- 
parofl  and  sniall  drops  added  to  the  larval  food  with  a  pipette  drawn 
((»  a  slender  taperino^  point.  Larvae  were  rarely  removed  from  the 
('(lis  foljowinir  this  treatment  except  after  infection  occurred  and 
dentil  lind  rcsiilttd.  Close  observation,  however,  was  always  necessary 
to  detcimine  the  exact  fate  of  the  inoculated  brood.  In  strong  colo- 
ni(>s  the  workers  often  remove  the  brood  before  infection  can  result  if 
the  inoculation  is  heavy,  or  they  may  remove  them  from  the  cells, 
often  piecemeal,  before  symptoms  of  the  disease  appear.  This  method 
offers  (]nick  and  easy  means,  however,  of  testing  the  pathogenicity 
of  a  large  number  of  organisms  for  brood  of  bees. 

While  examining  brood  inoculated  by  the  methods  just  described 
it  was  occasionally  noticed  that  tufts  of  mycelium  appeared  on  the 
brood  before  other  symptoms  of  diseases  had  developed.  (PI.  1,  D.) 
Microscopical  examination  of  such  larvae  showed  that  these  tufts  had 
developed  from  mycelium  beneath  the  skin  of  the  larvae.  This 
mycelium  was  much  more  abundant  in  the  tissues  beneath  the  tufts 
than  elsewhere.  If  infection  occurred  within  the  alimentary  canal 
one  would  expect  to  find  mycelium  more  extensively  developed  there, 
a't  least  immediately  following  infection,  than  in  the  tissues  just  be- 
neath the  larval  skin.  It  appeared  that  the  mycelium  observed  on  a 
few  larvae  soon  after  inoculation  originated  from  infection  through 
the  skin  rather  than  from  within  the  alimentary  canal. 

To  find  whether  germ  tubes  from  spores  germinating  upon  the 
moist  skin  of  larvae  can  penetrate  the  skin  to  the  tissues  beneath, 
masses  of  spores,  each  about  the  size  of  a  pinhead,  were  smeared  on 
a  number  of  larvae  in  brood  combs.  The  position  of  these  within  the 
comb  was  marked  by  removing  the  brood  from  the  two  surrounding 
rows  of  cells.  The  infected  larvae  were  examined  twice  daily  during 
the  three  days  following.  In  another  method  that  was  used  larvae 
were  removed  from  the  comb  and  kept  in  watch  crystals  on  a  70  per 
cent  solution  of  sngai-  sirup  or  honev  during  the  experiment.  Masses 
of  spoi ('<  w(Me  placed  on  the  larvae  m  the  same  manner  as  if  they  had 
been  Icll  in  the  comb.  The  watch  crystals  with  the  larvae  were  kept 
between  observations  in  an  incubator  at  36°  C.  This  method  was 
finally  used  to  the  exclusion  of  the  former^  for  when  the  larvae  were 
left  in  the  hive,  spores  placed  upon  the  skins  were  often  removed  by 
the  workers  or  mixed  with  the  food  in  the  cells  as  the  result  of  move- 
ments of  the  inoculated  larvae.  This  frequently  resulted  ip  infection 
through  the  alimentary  canal.  If  care  was  used  in  placing  the  moist 
mass  of  spores  on  the  skin  of  the  larvae  in  watch  crystals,  spores 
rarely  reached  the  alimentary  canal.  Larvae  move  very  little  when 
on  sirup ;  consequently  the  spores  remained  in  the  position  in  which 
they  were  placed. 
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SECONDARILY  INFECTED  BEES 

The  accurate  determination  of  the  effects  of  an  inoculation  upon 
adult  bees  demands  frequent  observations  and  records.  If  exami- 
nation is  delayed  beyond  two  days  after  death,  secondary  organisms 
may  materially  affect  the  symptoms  and  obscure  the  pathogenic 
organism.  Examination  during  the-  last  stages  of  disease  before 
death,  or  immediately  after  death,  furnishes  the  most  conclusive 
evidence  of  the  pathogenic  relations  of  an  organism.  The  presence 
of  vegetating  microorganisms  in  bees  at  this  time  is  proof  of  their 
growth  and  multiplication  within  living  bees.  As  apparently  normal 
adult  bees  harbor  large  numbers  of  certain  bacteria  and  yeasts 
within  the  alimentary  canal,  particularly  within  the  ventriculus  and 
the  small  and  large  intestines,  their  presence  is  of  little  pathogenic 
significance. 

On  the  other  hand,  much  weight  may  be  given  to  the  presence  of 
vegetating  organisms  of  filamentous  fungi  within  the  alimentary 
canal  of  living  bees.  The  presence  of  vegetating  organisms  of  any 
sort  within  the  blood  or  tissues  is  evidence  of  their  pathogenic  growth, 
since  the  tissues  and  blood  of  healthy  bees  are  always  sterile.  Under 
favorable  conditions,  however,  they  may  be  invaded  after  death  by 
organisms  present  within  the  alimentary  canal. 

What  has  been  said  concerning  diseases  of  adult  bees  is  true  to  a 
lesser  extent  for  diseases  of  their  brood.  Normally  brood  harbors 
fewer  bacteria  than  do  the  adult  bees.  During  the  first  two  or 
three  days  of  the  life  of  the  larvae,  when  their  food  consists  only 
of  pap,  which  is  believed  to  be  a  glandular  secretion,  it  is  often  diffi- 
cult to  demonstrate  the  presence  of  microorganisms  within  the  diges- 
tive tract  either  microscopically  or  by  culture.  When  such  young 
larvae  die  of  other  causes  than  bacterial  disease  the  remains  fre- 
quently dry  down  without  being  attacked  by  putrefactive  bacteria 
or  fungi.  Microorganisms  are  found  within  the  alimentary  canal 
of  older  larvae  and  pupae,  after  pollen  and  honey  are  mixed  with  the 
food,  but  they  are  fewer  in  number  than  within  the  worker  bees  of 
the  field  force.  Secondary  invaders  rarely  appear  after  the  death 
of  infected  brood  with  the  possible  exception  of  those  dying  from 
European  foulbrood.  The  causative  organism  of  American  foul- 
brood  can  be  recognized  in  old  brood  remains,  whereas  the  absence 
of  putrefactive  organisms  is  the  rule  with  sacbrood. 

During  these  experiments  examinations  were  made  at  frequent 
intervals  after  the  inoculations  were  made.  Adult  bees  were  watched 
more  closely  than  brood  in  order  to  observe  the  symptoms  of  disease 
before  they  were  modified  by  secondary  invaders.  Records  were 
kept  of  microscopical  and  macroscopical  examinations  and  were 
compared  with  similar  records  of  bees  used  as  checks  upon  the 
experiments. 

RESULTS  OF  INOCULATIONS  AND   SYMPTOMS  OF  THE  DISEASES 

PRODUCED 

SYMPTOMS    PRODUCED    BY    THE    ASPERGILLI 

The  inoculation  of  bees  with  a  number  of  species  of  Aspergillus 
resulted  in  the  rapid  appearance  of  mycosis  and  the  death  of  the  bees. 
With  some  of  the  more  virulent  species  all  of  the  bees  inoculated  and 
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Plate  2 


A.— Brood  comb  with  brood  doad  of  AsperKillus  mycosis  produced  experimentally  by  inoculation 

with  a  culture  of  AspergilltiK  flatus  on  a  brood  comb. 
B. — Brood  comb  with  brood  and  young  bees  from  a  colony  inoculated  experimentally  with  A.  flatus, 

taken  after  the  older  bees  had  deserted  the  hive  before  succumbing  to  Aspergillus  mycosis. 
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kept  in  cages  were  attacked  and  killed  within  from  two  to  four  days. 
With  less  virulent  species  the  bees  lived  somewhat  longer  and  a  vary- 
ing percentage  of  tne  inoculated  bees  escaped  infection.  At  times, 
with  species  not  ordinarily  found  on  bees,  only  about  5  or  10  per  cent 
of  the  inoculated  bees  died  of  infection. 

The  results  obtained  in  colonies  were  quite  similar  to  those  obtained 
with  bees  in  cages.  When  colonies  were  infected  with  one  or  two 
brood-comb  cultures  of  virulent  species  of  Aspergillus,  all,  or  nearly 
all,  of  the  brood  and  bees  of  the  colony  were  killed  by  the  fungi. 
Illustrations  A  and  B  of  Plate  2  show  brood  combs  from  infected 
colonies  after  most  of  the  field  bees  had  died  from  infection  with 
Asperqillus  fcuvus. 

With  less  virulent  organisms  the  death  rate  for  the  first  day  was 
considerably  lower,  and  at  times  only  part  of  the  population  of  the 
colony  was  killed.  In  the  latter  case  the  activity  of  the  colony 
returned  to  normal  after  the  infected  combs  had  been  cleaned  and 
the  dead  brood  removed  from  the  brood  combs. 

When  the  inoculations  were  made  by  placing  spores  of  pathogenic 
Aspergilli  in  the  blood  of  bees  through  needle  punctures,  disease  and 
death  usually  resulted.  A  few  larvae  were  attacked  as  a  result  of 
direct  penetration  of  the  skin  by  germ  tubes.     (PI.  1,  D.) 

Symptoms  of  Mycosis  in  Adult  Bs3ecs 

The  first  noticeable  symptoms  of  infection  by  Aspergillus  in  adult 
bees  is  their  weakening  and  restlessness,  and  the  continued  effort  on 
the  part  of  the  sick  bees  to  escape  from  the  cluster  of  healthy  ones. 
In  cages  the  earliest  affected  bees  can  be  picked  out  from  among  those 
not  yet  infected  by  selecting  bees  that  continue  to  crawl  at  a  time 
when  the  greater  number  of  bees  are  quiet.  Crawling  continues  for 
several  hours,  accompanied  by  a  gradual  weakening  and  loss  of 
definiteness  in  the  movements.  In  from  one  to  four  hours  the  crawl- 
ers become  too  weak  to  stand  or  crawl  normally  and  move  with  a 
staggering  motion.  They  frequently  fall  and  eventually  become 
unable  to  right  themselves.  During,  the  crawling  period  bees  some- 
times lose  the  use  of  one  or  more  legs.  The  affectecf  legs  are  dragged 
or  used  ineffectively  in  crawling.  Weakness  increases  until  the  in- 
fected bees  are  capable  of  only  feeble  movements  of  the  legs,  mouth 
parts,  and  abdominal  segments.^ 

Bees  that  are  naturally  infected  or  are  artificially  infected  within 
the  colony  show  the  same  symptoms  of  disease  as  are  shown  by  bees 
kept  in  cages.  As  soon  as  attacked  by  the  fungus,  field  bees  fly  or 
scrawl  from  the  hive  and  usually  die  at  a  considerable  distance  from 
the  entrance.  During  weather  favorable  for  flight  probably  not 
more  than  5  or  10  per  cent  of  the  infected  bees  die  within  or  directly 
in  front  of  the  hive.    Most  of  these  die  at  night  and  are  young  bees 

» These  observations  are  comparable  to  those  made  by  Turesson  (26)  on  the  toxicity 
of  molds  to  the  honeybee  and  the  cause  of  bee  paralysis.  As  a  result  of  his  experiments 
Turesson  concluded  that  paralysis  among  bees  is  caused  by  the  eating  of  fungous  spores 
and  mycelium.  He  claims  to  have  found  very  little  difference  in  the  toxicity  of  the 
different  species  that  he  tried  a,nd  believes  that  toxic  substances  are  present  in  most 
fungi.  He  speaks  of  observing  the  germination  of  spores  and  development  of  mycelium 
within  the  alimentary  canal,  but  apparently  did  not  suspect  any  of  the  organisms 
capable  of  parasitizing  bees.  The  writer's  concluslona  differ  from  the  conclusions  of 
Turesson  on  this  point. 
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that  were  infected  before  their  first  flight.  These  young  bees  avoid 
the  light  and  consequently  remain  in  the  hive  until  the  disease  is 
well  advanced.  In  artificially  infected  colonies  the  first  crawlers 
appear  in  from  one  to  three  or  four  days,  depending  largely  upon 
the  virulence  and  rate  of  growth  of  the  fungus,  and  the  quantity  of 
inoculum  used.  Bees  were  seen  to  leave  the  hive  and  fly  heavily. 
Some  fly  for  only  a  short  distance,  then  fall  to  the  ground  as  if  too 
weak  to  maintain  flight.  Several  such  short  flights  may  be  made  by 
diseased  bees  while  sufficient  strength  remains.  When  too  weak  to 
fly,  they  crawl  and  frequently  attempt  to  take  wing  from  the  tops 
of  grasses  or  stems,  but  fall  to  the  ground  only  to  try  again.  Death 
usually  occurs  within  a  few  hours  after  they  have  come  to  the  stage 
where  they  are  no  longer  able  to  fly.  When  not  too  weak,  the  crawl- 
ers taken  from  the  shade  into  bright  sunlight  or  a  warm  room  may 
recover  sufficient  strength  to  take  wing  again.  This  apparent  re- 
covery lasts  for  only  a  short  time,  and  death  occurs  as  soon  as  if  the 
bees  had  remained  exposed  to  the  lower  temperatures.  Cowan 
(P,  f.  189)  attributes  the  loss  of  flight  in  bees  infected  with  Mucor 
mucedo  to  pressure  exerted  by  developing  mycelium  and  the  con- 
sequent inability  to  distend  the  air  sacs.  In  the  case  of  Aspergillus 
infection,  however,  a  general  weakening  as  a  result  of  disease  seems 
to  account  for  their  inability  to  fly. 

No  important  changes  in  appearance  occur  at  death.  The  body 
of  the  bee  retains  its  normal  color  and  shape.  The  abdomen  may  or 
may  not  be  distended,  since  this  depends  upon  the  quantity  of  food 
consumed  by  the  diseased  bee  just  previous  to  death.  The  body  ap- 
pendages retain  their  normal  position  in  relation  to  the  body,  which 
may  lie  in  any  position.  A  slight  increase  in  the  hardness  of  the 
abdomen  may  have  occurred  at  death,  though  this  hardening  has 
been  immediately  preceded  by  a  softening  of  the  infected  tissues. 
Soon  after  death,  if  the  original  infection  was  heavy  and  the  sapro- 
phytic development  of  putrefactive  bacteria  is  not  too  rapid,  the 
abdomen  becomes  noticeably  harder  than  in  normal  bees  or  in  bees 
dead  of  disturbances  not  of  a  fungous  nature.  The  muscles  of  the 
thorax,  on  the  other  hand,  usually  become  considerably  softer  soon 
after  death,  as  can  be  noted  by  crushing  them  between  the  fingers  or 
under  a  cover  glass.  This  character  is  of  little  diagnostic  value, 
however,  as  the  same  symptom  is  present  in  bees  dying  of  other 
causes.  The  increase  in  firmness  oi  the  abdomen  at  this  time  is, 
therefore,  the  only  distinctive  external  symptom  of  fungous  infec- 
tion. After  death  the  firmness  remains  or  increases,  and  the  tissues 
of  the  abdomen  may  become  quite  hard.  The  thoracic  muscles,  after 
first  softening,  also  increase  in  rigidity,  and  then  upon  drying 
become  of  chalklike  consistency. 

When  the  abdomens  of  these  dead  bees  are  dissected  for  micro- 
scopic examination  the  digestive  tract  and  surrounding  tissues  are 
found  to  be  tough  in  texture  and  are  less  easily  crushed  than  in  the 
case  of  healthy  bees  or  of  bees  dead  of  other  diseases.  While  the 
ventriculus  of  the  healthy  bee  spreads  evenly  when  pressed  under  a 
cover  glass,  the  ventriculus  of  a  bee  dead  of  mycosis  offers  consider- 
able resistance  to  pressure.  Teasing  it  apart  with  needles  is  often 
necessary  to  prepare  mounts  that  will  transmit  sufficient  light  for 
satisfactory  examination. 
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When  dead  bees  infected  by  aspergillus  are  kept  in  a  moisture- 
saturated  atmosphere  at  ordinary  temperatures  the  fungous  growth 
continues  after  death  and  attacks  all  of  the  softer  tissues  of  the 
abdomen,  thorax,  and  even  the  head.  Tufts  of  mycelium  and  coni- 
diophores  develop  at  the  body  openings.  Conidiophores  also  grow 
through  the  thinner  parts  of  the  exoskeleton,  at  the  articulation  of 
the  body  appendages,  and  at  the  junction  of  the  abdominal  segments. 
(Pis.  3,  A  and  B;  4,  A;  and  5,  A.)  When  conidiophores  do  not  de- 
velop upon  the  surface  of  the  dead  bees  they  may  do  so  inside  the 
exoskeleton  of  the  abdomen  or  thorax.  (Pis.  4,  B,  and  5,  B.) 
Conidiophores  do  not  develop  in  a  very  dry  atmosphere,  whereas  an 
excess  of  water  aids  the  growth  of  bacteria  and  thus  prevents  the 
development  of  conidiophores. 

After  inoculation  and  before  symptoms  of  mycosis  have  appeared 
the  spores  present  within  the  alimentary  canal  increase  in  size  as 
a  result  of  imbibition  of  water,  except  within  the  honey  stomach, 
where  the  contents  are  usually  highly  concentrated.  When  several 
times  their  original  size  the  spores  germinate,  and  an  extensive 
mycelium  develops.  (PI.  6.)  Spores  that  germinate  within  the 
ventriculus  may  limit  their  growth  for  a  time  to  the  food  contents, 
but  the  wall  is  soon  penetrated  by  the  developing  mycelium.  A  simi- 
lar process  of  development  may  occur  within  the  pharnyx,  proven- 
triculus,  small  intestine,  or  rectum,  and  less  frequently  within  the 
honey  stomach.  The  Malpighian  tubules  usually  remain  free  from 
attack  until  after  the  death  of  the  bee.  The  trachea  likewise  remain 
free  from  attack,  even  in  advanced  stages  of  decay  after  death. 
Spores  appear  to  be  unable  to  germinate  within  the  trachea,  owing 
to  dryness  resulting  from  aeration.  In  addition,  these  organs  are 
protected  from  perforation  by  the  tough  layers  of  the  interior  sur- 
face. The  small  quantity  of  available  food-supplying  material 
within  the  tracheal  walls  likewise  limits  fungous  growth.  All  of 
the  softer  tissues  of  the  three  divisions  of  the  body  may  be  attacked 
by  the  fungous  mycelium.  The  thoracic  muscles  are  a  favorable 
medium  for  the  development  of  pathogenic  species  of  Aspergillus. 

The  infection  of  adult  bees  with  pathoo^enic  fungi  results  normally 
only  from  the  germination  of  spores  within  the  alimentary  canal. 
Spores  failed  to  cause  infection  when  placed  on  various  parts  of  the 
exterior  body  surface  of  adult  bees,  and  germ  tubes  from  spores  cul- 
tured in  small  quantities  of  nutrient  media  did  not  penetrate  the 
tissues  when  placed  on  the  soft  covering  of  the  neck  or  in  the  folds 
of  the  abdominal  segments.  Spores  spread  over  the  openings  of  the 
spiracles  likewise  failed  to  cause  infection. 

Symptoms  of  Mycosis  in  the  Bbood 

In  brood,  as  with  adult  bees,  Aspergillus  infection  shows  a  number 
of  more  or  less  arbitrary  stages,  depending  upon  the  degree  of  devel- 
opment of  the  infecting  fungus.  The  changes  in  symptoms  may 
occur  with  considerable  rapiditj  within  a  period  of  a  few  days  owing 
to  the  rapid  growth  of  mycelium.  Both  larvae  and  pupae  are  at- 
tacked by  any  of  several  common  species,  but  after  the  feeding  state, 
and  especially  after  the  cells  are  capped,  the  chances  of  infection  are 
considerably  reduced.    In  these  experiments  the  larvae  were  attacked 
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in  greater  number  than  were  the  pupae.  The  symptoms  of  disease  in 
the  larvae  and  pupae  are  quite  similar;  consequently  no  attempt  is 
made  to  differentiate  between  them. 

The  symptoms  manifested  by  infected  brood  before  death  are  not 
readily  noticeable.  There  may  be  a  slight  increase  or  alteration  in 
movement  in  larvae  that  become  infected  before  the  quiescent  period 
or  in  pupae  that  are  infected  just  previous  to  the  time  for  emerging. 
Ordinarily  this  passes  unobserved,  since  the  extent  of  the  movement 
of  which  brood  is  capable,  within  the  cells  of  the  brood  comb,  is  very 
limited.  During  their  active  period  diseased  larvae  may  turn  to  one 
side  or  the  other  or  turn  completely  over,  although  this  is  not  a  usual 
occurrence.  Both  larvae  and  pupae  usually  die  while  in  their  normal 
position  in  the  cells. 

It  is  difficult  to  determine  when  death  occurs,  especially  during  the 
quiescent  period.  There  are  no  changes  in  the  outward  appearance 
of  infected  brood  for  a  short  time  before  and  after  death.  Larvae  or 
pupae,  at  an  age  when  they  are  normally  capable  of  movement,  may 
be  assumed  to  be  dead  when  all  movement  has  ceased.  The  fact 
can  be  determined  by  examination  under  a  reading  glass  which  mag- 
nifies four  diameters  or  more,  or  under  a  binocular  microscope.  The 
skin  of  living  healthy  larvae  normally  presents  a  moist  and  glisten- 
ing appearance.  Movements  of  the  mouth  parts  and  breathing 
movements  are  readily  noticeable.  With  death  all  movements  stop, 
and  the  skin  becomes  dry  and  dull  after  a  few  hours. 

After  death,  before  mycelium  appears  outside  the  skin,  changes  in 
appearance  and  texture  develop.  Firmness  increases  as  a  result  of 
the  interweaving  of  mycelium  in  and  about  the  digestive  organs  and 
tissues.  The  color  in  this  stage  changes  from  the  glistening  white 
of  the  healthy  larva  to  a  dull,  dry,  creamy  white.  Drying,  as  indi- 
cated by  wrinkling  and  shrinking,  has  already  begun.  The  anterior 
end  of  the  larva,  which  usually  shows  the  first  indications  of  drying, 
may  be  sharply  curved  ventrally,  bringing  the  anterior  and  posterior 
ends  closer  together. 

Soon  after  color  changes  appear  the  mycelium  breaks  through  the 
skin.  It  appears  first  in  a  circle  of  radiating  hyphae  near  the  an- 
terior extremity  and  gives  to  the  dead  larva  the  appearance  of  pos- 
sessing a  collar.  Development  of  mycelium  over  the  surface  forms  a 
false  skin  composed  of  closely  woven  hyphae.  (PL  1,  C.)  The  seg- 
mental markings  are  retained  in  this  false  skin;  consequently  close 
observation  is  necessary  to  distinguish  between  this  and  the  true  skin. 
The  false  skin  of  mycelium  may  be  removed  without  injuring  the 
true  skin  if  care  is  used. 

The  development  of  conidiophores  upon  the  surface  of  the  larva 
begins  at  about  the  time  of  the  maturation  of  the  false  skin.  They 
form  most  abundantly  at  the  anterior  and  less  abundantly  at  the  pos- 
terior extremities  where  the  mycelium  is  in  direct  contact  with  the 
air.  (PL  1,  C.)  When  the  conidiospores  mature,  the  white  color  of 
the  false  skin  is  replaced,  wherever  the  dead  larvae  are  not  in  direct 
contact  with  the  cell  walls,  by  the  color  of  the  spores  of  the  infect- 
ing organism.     (PL  1,  C.) 

After  the  spores  are  mature  changes  take  place  much  more  slowly. 
Aging  of  the  spores  is  accompanied  by  darkening  and  a  loss  of  bril- 
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Plate  3 


A.— Hws  (lead  of  Aspergillus  mycosis  caused  by  natural  infection  with  Aspergillus  ochraceus. 
B.— Worker  bccij  dead  of  Asiwrgillus  mycosis  caused  by  natural  infection  with  A.  ftatfus. 
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A.— Bees  showing  mixed  infection  with  Aspergillus  flavus  and  A.  fumigatus. 

B. — Dissected  abdomens  of  bees  dead  of  Aspergillus  mycosis  produced  experimentally,  the  penetra- 
tion of  the  exoskeleton  by  the  conidiophores  having  been  prevented  by  keeping  the  bodies 
in  a  dry  atmosphere. 
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A.— A  (lueen  pupa  niurnniifU'd  by  Asptrgillis  flams. 

B.— Decapitated  bee  (natuially  infected)  showing  conidiophores  of  A.  Jlaius  tiiat  n.atured  within 
the  thorax. 
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Photomicrograph  of  tissues  of  the  abdomen  of  a  bee  infected  with  Aspergillus  fumigatus,  X  1,200. 
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liancy,  and  continued  drying  of  the  body  results  in  the  formation  of 
a  mummy  of  considerable  hardness. 

Infection  of  brood  from  fungous  spores  within  the  digestive  or- 
gans occurs  in  a  manner  quite  similar  to  the  infection  of  adult  bees 
(p.  19).  Infection  of  larvae  is  not  limited  in  its  origin  strictly  to  the 
digestive  organs,  although  this  is  the  usual  channel  of  infection. 
Spores  of  two  species  or  Aspergillus,  A,  fxwus  and  A.  fumicfatus^ 
placed  on  the  skin  of  larvae  produced  local  infection  at  the  point  of 
contact.  Germ  tubes  penetrated  the  skin  and  attacked  the  subcu- 
taneous tissues  in  about  15  per  cent  of  the  cases  in  some  experiments. 
This  mode  of  infection  occurred  in  larvae  in  combs,  and  in  larvae 
kept  on  honey  or  sugar  solution  in  watch  crystals.  Soon  after  the 
skin  is  penetrated  and  the  mycelium  has  become  well  established  in 
the  tissues  tufts  of  aerial  hyphae  and  conidiphores  appear  at  the 
point  of  infection.     (PL  1,  D.) 

Although  these  experiments  would  seem  to  indicate  that  direct 
penetration  by  germ  tubes  from  spores  germinating  on  the  surface 
of  larvae  is  possible,  it  probably  rarely  occurs.  Even  in  the  experi- 
ments where  masses  of  spores  were  placed  on  the  surface  of  the  larvae, 
germ  tubes  generally  failed  to  penetrate  the  skin. 

Results  of  Inoculation  of  the  Blood  of  Bees  with  Spores  of  Aspesigillus 

In  the  experiments  with  caged  bees  a  few  wounded  ones  were  ob- 
served that  appeared  to  be  attacked  in  the  wound  by  the  fungus. 
Bees  that  were  inoculated  in  the  tissues  or  blood  were  killed  more 
quickly  than  when  spores  of  pathogenic  fungi  were  taken  into  the 
alimentary  canal.  All  of  the  species  of  Aspergillus  that  were  found 
capable  of  attacking  bees  through  the  alimentary  canal  proved  to  be 
j)athogenic  when  introduced  into  the  tissues  or  blood.  Other  species 
that  did  not  attack  bees  when  taken  into  the  digestive  organs  were 
found  to  be  capable  of  attacking  bees  when  inoculations  were  made 
by  wounding. 

This  method  of  infection  could  seldom  occur  in  nature  on  account 
of  the  constant  protection  afforded  by  the  body  covering. 

Study  of  the  Physical  and  Chemical  Action  of  the  Fungus  on  the  Infected 


The  germination  of  spores  of  filamentous  fungi  within  the  alimen- 
tary canal  of  bees  and  the  growth  of  mycelium  here  and  in  the 
tissues  result  in  disease  and  death.  It  has  been  stated  by  Vincens 
{27)  that  "the  parasite  seems  to  act  by  mechanical  obstruction  of 
the  digestive  passages  or  by  paralysis  of  the  muscles  of  the  intestine." 

As  a  result  of  the  study  of  freshly  prepared  mounts,  the  writer 
believes  that  the  blocking  of  the  digestive  tract  is  of  minor  conse- 
quence. When  the  first  symptoms  appear  the  quantity  of  mycelium 
present  within  the  alimentary  canal  of  infected  bees  is  in  most  cases 
so  small  that  it  is  difficult  to  understand  how  it  can  affect  the  move- 
ments of  food.  Death  usually  occurs  before  a  sufficient  quantity  of 
mycelium  has  developed  to  cause  congestion  within  the  digestive 
tract.  Frequently,  when  feeble  movements  of  the  appendages  or 
abdominal  segments  are  the  only  signs  of  life,  only  a  few  scattered 
hyphae  can  be  found  within  the  contents  of  the  alimentary  canal. 
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It  appears  that  one  must  look  for  other  causes  responsible  for  disease 
and  death  in  the  bees  infected  by  fungi. 

To  determine  these  causes  of  death,  a  histological  and  chemical 
study  was  made  of  infected  tissues  from  diseased  and  dead  bees- 
The  chemical  action  of  the  fungus  was  determined  by  observing  the 
infected  tissues,  and  by  testing  the  action  of  certain  metabolic  prod- 
ucts produced  by  the  fungus,  when  applied  to  the  tissues  in  the 
absence  of  the  fungus. 

It  was  determined  by  examination  of  sections  of  the  ventriculus 
that  hyphae  penetrate  the  tissues  soon  after  the  spores  germinate. 
The  wall  is  usually  attacked  first  and  is  soon  permeated  with 
mycelium.  Other  tissues  of  the  abdomen  and  thorax  are  also 
attacked  by  the  fungus. 

That  a  mechanical  effect  is  produced  in  the  tissues  by  the  advanc- 
ing mycelium  is  shown  by  the  forcing  apart  of  the  muscle  fibers  when 
the  hyphae  grow  among  them.  Later  the  mycelium  becomes  densely 
interwoven  among  all  of  the  softer  tissues,  and  the  mechanical  effect 
of  this  is  probably  sufficient  to  cause  death. 

In  view  of  the  rapid  softening  of  the  tissues  and  the  appearance  of 
weakness,  with  the  consequent  crawling  condition,  among  infected 
bees,  it  appears  that  enzymatic  and  toxic  substances  contribute 
materially  to  the  symptoms.  The  tissues  of  the  bee  are  attacked  by 
the  fungous  enzymes  in  advance  of  the  growing  mycelium,  but  this 
digestion  is  not  completed  until  the  mycelium  is  well  developed. 
The  resultant  softening  of  the  muscle  tissues  of  the  thorax  is  followed 
by  a  loss  of  the  brownish  tinge  characteristic  of  healthy  tissues  and 
the  appearance  of  a  dull  white  color.  A  sarcolemma  is  absent 
about  the  wing-muscle  fibers  of  the  honeybee,  and  no  support  other 
than  the  sarcoplasm  is  known  to  exist.  The  semifluid  sarcoplasm 
surrounding  the  sarcostyles  is  softened,  permitting  the  muscle  fibers 
to  separate  readily.  This  probably  accounts  for  the  softening  and 
collapse  of  muscle  tissue  and  the  ready  separation  of  the  threads  of 
muscle  fibers  under  pressure. 

Softening  of  the  sarcoplasm  surrounding  the  muscle  fibers  is 
followed  by  the  death  of  the  sarcoplasm  of  the  sarcotyles  and  the 
disappearance  of  their  membranous  walls.  In  advanced  stages  of 
digestion,  i.  e.,  after  death,  the  sarcostyles  break  up  into  segments, 
frequently  separating  at  the  telophragmata.  After  complete  diges- 
tion only  formless  granules  remain. 

The  muscles  of  the  thorax  are  most  easily  studied,  bat  the  wall  of 
the  ventriculus  may  be  used  successfully  since  it  is  attacked  soon  after 
infection  occurs.  The  digestion  of  sarcoplasm  of  the  tissues  of  the 
bee  is  probably  largely  proteolytic  in  nature,  for  protein  is  the  chief 
constituent  of  muscle  tissue.  It  appeared,  however,  from  some  com- 
parative measurements  made  by  the  writer  that  pathogenicity  of  the 
organisms  studied  is  in  no  way  related  to  the  quantitative  production 
of  protease.  It  is  possible  that  the  sarcoplasm  is  killed  by  fungous 
toxins  before  enzymatic  action  begins. 

The  observations  described  above  on  infected  tissues  indicate  that 
the  changes  which  occur  after  the  death  of  the  tissues  are  apparently 
due  to  enzymatic  action.  If  this  is  true,  muscle  tissue  should  be  sim- 
ilarly affected  in  fungus-free  culture  media  or  in  solutions  of  ex- 
tracted enzymes. 
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In  contrast  to  the  findings  of  Eduard  Buchner  (^),  in  his  work  on 
the  extraction  of  zymase  from  yeast,  the  enzymes  of  several  species 
of  Aspergillus  and  Mucor  were  found  to  exist  in  much  greater  quan- 
tities in  the  medium  in  which  cultures  have  grown  than  within  the 
mycelium.  Evidence  in  support  of  the  view  that  the  effect  of  patho- 
genic fungi  on  bees  is  chiefly  enzymatic  and  toxic  was  obtained  from 
the  following  experiments : 

Enzymes  from  the  liquid  medium  in  which  pure  cultures  of  Asper- 
gillus -fia^mjts^  A,  effusus^  and  A,  fvmugatus  had  matured  were  ex- 
tracted by  precipitation  with  alcohol.  After  thorough  drying  the 
precipitate  was  dissolved  in  distilled  water.  The  digestive  tract  and 
muscle  tissues  of  bees  that  had  been  recently  killed,  entire  bees,  and 
each  of  the  three  divisions  of  the  body  were  submerged  in  this  solu- 
tion and  kept  at  37°  C.  while  the  action  was  observed.  Tissues  di- 
rectly exposed  to  the  action  of  enzymes  were  soon  discolored  and  in 
from  5  to  10  hours  offered  no  noticeable  resistance  to  pressure.  Tis- 
sues of  thoraces,  abdomens,  and  heads  of  bees  with  the  exoskeleton 
of  each  of  these  body  divisions  attached  were  affected  similarly  but 
somewhat  more  slowly.  The  chitinous  exoskeleton  appeared  to  be 
unaffected  after  24  hours,  whereas  no  evidence  of  enzymatic  action 
on  the  internal  tissues  of  entire  bees  was  noticeable  after  30  hours. 
It  appears  that  the  exoskeleton  is  not  extensively  attacked  by  any 
of  the  enzymes  produced  by  these  fungi,  although  conidiophores 
and  mycelium  penetrate  the  body  wall  of  the  bee  when  excessive 
moisture  is  present.  Ordinarily  the  only  channel  of  infection  is 
through  the  alimentary  canal. 

The  experiments  described  above  were  repeated  with  the  filtered 
medium  from  cultures,  with  sterile  medium  that  had  not  been  used 
for  culturing,  and  with  distilled  water.  With  the  medium  from 
cultures  the  action  was  similar  but  somewhat  slower  than  with  ex- 
tracted enzymes.  With  sterile,  freshly  prepared  medium  and  with 
water  as  checks,  no  enzymatic  action  upon  tissues  was  noticeable  after 
48  hours.  The  medium,  which  was  of  a  high  sugar  content  (25  per 
cent),  appeared  to  act  as  a  preservative,  since  bacterial  decay  of  the 
tissue  occurred  later  than  in  distilled  water. 

Demonstration  of  a  Toxic  Substance  Produced  by  Aspergillus  flavus  Aogc 

It  is  a  familiar  fact  that  many  of  the  diseases  of  animals  and 
plants  are  due  to  microorganisms  which  elaborate  toxic  substances 
of  some  form  or  other.  The  exact  nature  of  these  substances,  which 
are  at  times  partially  responsible  for  the  symptoms  of  the  various 
diseases,  is  not  completely  known.  The  inability  of  chemists  to 
determine  their  constitution  is  probably  _due  to  tlie  impiirityy-ctyni^ 
plexity,  and  unstahlo  nature  of  tfe  llTroTewiW.'^'^^'TSTJSsilHleb^  various 
procedures  to  extract  from  cultures  of  pathogenic  organisms  sub- 
stances that  are  more  or  less  toxic.  When  toxins  are  properly  ad- 
ministered in  the  absence  of  the  pathogenic  organisms  they  may  pro- 
duce the  symptoms  of  the  disease.  Severe  poisoning  may  also  be 
produced  by  toxic  products  of  nonpathogenic  organisms.  The  po- 
tency of  these  toxins,  which  may  be  many  times  as  effective  as  strych- 
nine, is  well  known.     Toxic  substances  are  not  uncommon  among  the 
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higher  plants,  and  among  the  mushrooms  there  are  numerous  species 
whose  toxins  have  caused  the  deaths  of  great  numbers  of  mushroom 
eaters.  Although  numerous  species  of  the  Hyphomycetes  are  active 
parasites  of  other  fungi,  higher  plants,  and  animals,  very  little  has 
been  done  to  demonstrate  the  nature  of  the  toxic  substances  elab- 
orated by  these  organisms. 

In  the  progress  of  some  plant  diseases  caused  by  fungi  the  cells 
of  the  host  are  killed  or  altered  far  in  advance  of  the  developing 
mycelium  of  the  parasite.  This  is  particularly  true  among  the  rusts 
where  zones  of  dead  cells  may  surround  the  infected  spot.  The 
death  of  the  cells  of  the  host  not  in  direct  contact  with  the  fungus 
can  probably  be  attributed  to  toxic  products  of  the  parasite. 

A  few  reports  of  toxic  substances  produced  by  filamentous  fungi 
are  on  record.  In  1906  Paladino-Blandini  {20^  f.  608)  prepared  an 
alcoholic  precipitate  from  the  mycelium  of  Rhizo'pus  nigricans  which 
was  toxic  to  rabbits  when  injected  intravenously.  In  1915  Blakes- 
lee  and  Gortner  {3)  published  a  more  complete  study  of  this  toxin 
and  its  action  upon  rabbits.  In  earlier  experiments  by  these  two 
investigators  (ii),  results  with  rabbits  were  negative  when  the 
fungus  was  administered  by  feeding  in  large  doses.  (Such  an  alco- 
holic extract  would  be  a  protein,  and  its  nontoxic  nature  when  fed 
can  be  explained  by  its  digestion  to  nonpoisonous  compounds  before 
absorption.)  In  1896  Gosio  {12)^  working  with  a  species  of  Peni- 
cillium,  found  that  the  culture  medium  gave  phenol  reactions.  Wlien 
injected  into  rabbits  and  rats,  phenol  poisoning  resulted.  In  the 
study  of  maize  deterioration,  Alsberg  and  Black  (i,  p,  IS^  J^S)  iso- 
lated a  characteristic  phenolic  substance  from  PenicUlium  fmberuluin 
and  P.  stoloniferuwh.  This  substance  could  only  be  isolated  from 
the  medium.  Turesson  (26)  as  a  result  of  his  work  on  the  toxicity 
of  fungi  concludes  that  it  is  of  wide  occurrence  in  fungi. 

To  determine  whether  or  not  such  a  toxic  substance  injurious  to 
living  bees  is  produced  by  these  fungi  experiments  were  begun  with 
two  pathogenic  organisms,  Aspergillm  flavm  Ao5c  (Thom  collec- 
tion) and  A  fumigatus^  isolated  from  an  infected  worker  bee. 

Direct  injection  into  the  blood  of  bees  was  considered  impractic- 
able; consequently  feeding  experiments  were  adapted  as  a  test  for 
the  toxicant.  Food  prepared  by  the  addition  of  honey  to  the  medium 
in  which  these  Aspergilli  had  been  grown  and  to  juices  pressed  from 
mycelium  was  fed  to  caged  bees.  When  the  unheated  medium  or 
fungous  juice  from  cultures  was  used  it  was  necessary  to  filter  it, 
using  the  best  grade  of  filter  paper,  to  eliminated  spores  of  the  patho- 
genic organisms.  This  was  partially  accomplished  only  with  Asper- 
gillus -fiavus.  A.  fumigatus  was  not  used  after  the  first  attempt  on 
account  of  the  small  size  of  the  spores.  Although  the  death  rate 
among  the  bees  fed  with  medium  in  which  cultures  had  matured  aver- 
aged higher  than  among  the  checks  which  were  fed  freshly  prepared 
medium,  the  method  was  discarded  because  the  death  rate  among  the 
checks,  due  to  salts,  was  higher  than  normal.  When  bees  were  fed 
with  the  fluids  pressed  from  mycelium,  or  with  the  wash  water  from 
the  mycelium,  the  death  rate  remained  about  normal.  It  appeared, 
therefore,  that  if  a  toxic  substance  is  produced,  it  must  be  sought  in 
the  medium  rather  than  in  the  mycelium  of  the  fungus. 
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EXTRACTION    OF    THE   TOXIN    FBOM    THE    MEDIUM 

It  appeared,  as  a  result  of  the  experiments  discussed  above,  that 
the  toxic  substance  must  be  extracted  in  order  to  avoid  error  from 
other  factors  that  affected  the  death  rate.  Since  nothing  was  known 
of  the  nature  or  constitution  of  the  toxic  substance,  it  was  necessary 
to  determine  the  best  method  for  extracting  it. 

Alcohol  extracts 

Extraction  of  proteins  with  alcohol  was  tried  first.  The  precipi- 
tates obtained  from  the  medium  in  which  fungi  had  been  cultured 
and  from  the  juices  pressed  from  the  mycelium  after  grinding  it  with 
sand  were  dissolved  in  water  and  fed  with  dilute  honey  to  bees  in 
cages.  The  bees  took  this  food  readily,  but  the  death  rate  remained 
normal  throughout  two  trials.  It  is  not  proved  by  these  experiments 
that  a  poisonous  protein  is  not  produced,  since  such  a  poison  may 
be  digested  to  nonpoisonous  compounds  before  absorption,  as  with 
higher  animals  (ii,  p.  357).  On  the  other  hand,  absorption  by  the 
honeybee  of  some  of  the  simpler  sugars  appears  to  be  a  question  of 
only  from  one  to  a  few  minutes. 

Ether  extract 

The  medium  from  10-day-old  flask  cultures  of  Aspergillus  -flnvus 
Aooc  and  the  fungous  juices  pressed  from  the  mycelium  after  it  had 
been  washed  and  ground  with  sand  were  shaken  five  times  with  small 
quantities  of  ether.  After  each  shaking  the  ether  was  separated 
from  the  medium  with  p,  separatory  funnel.  The  ether  was  then 
washed  with  a  large  volume  of  distilled  water,  separated,  and  evap- 
orated to  dryness  in  evaporating  dishes.  Brown  amorphous  residues 
were  obtained  in  larger  quantities  from  the  medium  than  from  the 
fungous  juices.  Each  of  the  residues  w^as  dissolved  in  5  cubic  centi- 
meters of  distilled  water  and  added  to  about  5  cubic  centimeters  of 
clover  honey.  This  was  given  as  food  to  caged  worker  bees.  The 
bees  that  received  the  extract  from  the  fungous  juices  lived  normally; 
but  some  of  the  bees  receiving  the  extract  from  the  culture  medium 
were  noticeably  affected  after  4  hours,  and  after  10  hours  all  that  had 
been  fed  with  this  extract  were  dead.  The  experiment  with  the 
culture  medium  extract  wa^  repeated  with  four  lots  of  bees,  the  same 
food  being  used  for  each  succeeding  lot  after  all  of  the  bees  in  the 
previous  lot  had  died.  A  constant  decrease  in  potency  was  noticed 
with  each  successive  trial.  With  the  second  trial  all  of  the  bees  were 
dead  at  the  end  of  18  hours ;  with  the  third,  after  30  hours ;  with  the 
fourth,  after  2  days;  and  with  the  fifth,  after  7  days.     (Table  1  and 

This  experiment  was  repeated  several  times  with  similar  results 
except  that  the  earlier  deaths  were  not  obtained  again  in  succeeding 
experiments.  Extracts  from  old  cultures  that  had  been  kept  at 
room  temperature  and  from  young  cultures  prepared  at  about  the 
time  spores  were  forming  appeared  to  contain  only  small  quantities 
of  the  toxic  substance.  The  greatest  accumulation  of  toxin  within 
the  medium  seems  to  be  present  at  about  the  time  the  cultures  are 
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mature,  as  indicated  by  the  appearance  of  a  deep  yellow-green  color 
in  most  of  the  conidia.  The  disappearance  of  the  toxin  from  cultures 
and  the  rapid  loss  of  potency  after  extraction  indicate  that  it  is  of  a 
transient  nature.  This  is  shown  in  Table  2  and  Figure  2.  When 
freshly  prepared  ether  extract  was  fed  to  bees  the  entire  lot  died  in 
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Figure  1. — Rate  of  mortality  of  honeybees  at  daily  intervals  after  the  commencement 
of  feeding  with  honey  containing  ether  extract  of  the  nutrient  medium  in  which 
Aspergillus  flavus  had  been  cultured.  The  food  was  transferred  to  a  new  cage  of 
bees  as  soon  as  the  bees  of  the  previous  trial  were  dead 

five  days.  Fifteen  days  later  the  same  food  w^as  given  to  a  second  lot 
of  bees.  This  trial  showed  a  death  rate  that  was  nearly  normal  for 
caged  bees. 

Table  1. — Length  of  life  of  hees  in  cages  when  ether  extract  of  the  culture 
medium  of  Aspergillus  flavus  Ao5c  was  mixed,  with  their  food 


Age  of  extract  when  fed  to  new  lot  of  bees 

Number  cf  deaths  on  days  stated 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

deaths 

FresUy  prepared.. . .  . 

124 

126 

15 

10 

0 

24 

24  hours 

26 

2  days . 

10 
16 
0 

25 

4  days .                 ....    

26 

8  days. 

5 

16 

4 

3 

0 

1 

29 

1  Although  this  table  indicates  only  that  the  bees  of  the  first  and  second  tests  were  dead  after  24  hours,  the 
actual  time  was  10  hours  in  the  case  of  the  first  trial  and  18  hours  in  the  second. 

Table  2. — Length  of  life  of  hees  in  cages  when  ether  extract  of  the  medium  in 
which  Aspergillus  flavus  Ao5c  had  heen  cultured  was  m^ixed  with  their  food 


Age  of  extract  when 
supplied  to  a  new 
cage  of  bees 

Number  of  deaths  on  days  stated 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

deaths 

Freshly  prepared 

7 
0 

4 
0 

4 
0 

9 
0 

1 
0 

25 

16  days 

1 

1 

2 

0 

1 

1 

2 

2 

1 

3 

3 

3 

2 

2 

1 

1 

26 

Chloroform  extract 

To  find  whether  poisonous  organic  bases  or  other  poisonous  sub- 
stances soluble  in  chloroform  were  present,  the  liquid  nutrient  me- 
dium (Leonian's  formula)  was  thoroughly  drained  from  half  a 
dozen  flask  cultures  of  the  mature  organism,  Aspergillus  flavus  Ao5c. 
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The  fungous  fluids  were  pressed  from  the  mycelium  after  it  had  been 
washed  and  ground  with  sand.  Both  the  medium  and  the  fungous 
fluids  were  each  shaken  five  times  with  small  volumes  of  chloroform 
and  separated  with  a  separatory  funnel  after  each  operation.  After 
washing  in  an  evaporating  dish  the  chloroform  was  evaporated  to 
dryness,  and  the  residue  from  each  solution  was  taken  up  with  about 
5  cubic  centimeters  of  distilled  water  and  given  to  w^orker  bees  with 
an  equal  volume  of  honey.  In  each  case  the  entire  quantity  of  food 
was  consumed  without  evidence  of  poisoning.  Repetitions  of  this 
experiment  at  different  stages  in  the  development  of  the  lungus  gave 
entirely  negative  results.  It  would  seem  therefore  that  bases  capable 
of  poisoning  bees  when  administered  with  food  are  not  produced  by 
A,  f^avus  Ao5c. 

Chemical  Nature  op  the  Toxic  Substance 

In  most  cases  chemists  have  been  unable  to  determine  the  constitu- 
tion of  toxic  substances  elaborated  by  microorganisms ;  therefore  only 
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FiGURB  2. — Rate  of  mortality  of  honeybees  at  daily  intervals  after  the 
commencement  of  feeding-  with  honey  containing  ether  extract  of  the 
nutrient  medium  in  which  Aspergillus  flavtis'  had  been  cultured.  First 
trial  made  immediately  after  the  extract  was  prepared,  second  trial  15 
days  after  the  extract  was  prepared. 

a  few  tests  were  made  to  determine  the  general  nature  of  this  sub- 
stance. Tests  for  phenolic  compounds  were  made  by  floating  small 
quantities  of  freshly  prepared  ether  extract  on  very  dilute  ferric 
chloride  solution.  The  absence  of  color  reaction  in  all  cases  indicated 
the  absence  of  such  compounds  in  the  extract.  When  the  extract 
from  flask  cultures  in  5  cubic  centimeters  of  water  was  mixed  with 
5  cubic  centimeters  of  honey,  the  resulting  solution  showed  a  hydro- 
gen-ion concentration  of  about  pH  4.6  by  the  colorimetric  method  of 
Clark  and  Lubs  (7)  and  Clark  (^),  whereas  equal  volumes  of  water 
and  the  same  honev  showed  a  concentration  of  about  pH  5. 

Something  of  the  nature  of  the  toxic  substance  is  shown  by  the 
following  experiments:  Freshly  prepared  extract  was  divided  into 
three  equal  parts.  One  part  was  fed  directly  to  bees  in  cages.  The 
other  two  parts  were  made  neutral,  or  slightly  basic,  by  the  addition 
of  potassium  hydroxide.  One  of  these  parts  was  immediately  ad- 
justed by  hydrochloric  acid  to  a  hydrogen-ion  concentration  of 
about  pH  4.  6.  Honey  was  added  to  each  of  these  two  lots  and  they 
were  fed  to  bees.  The  bees  given  the  original  unneutralized  extract 
showed  definite  evidence  of  poisoning  after  24  hours.  The  death  rate 
was  considerably  higher  than  normal,  and  all  of  the  bees  had  died 
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before  the  end  of  the  fifth  day.  Bees  fed  upon  honey  with  the  ether 
extract,  which  had  been  made  neutral  with  potassium  hydroxide, 
showed  a  normal  death  rate  for  15  days,  when  all  of  the  food  was 
consumed.  Bees  given  the  solution  that  had  been  readjusted  to  about 
pH  4.6  after  neutralization  died  at  about  the  same  rate  as  bees  fed 
on  the  ether  extract  that  had  not  been  neutralized.  (Table  3  and 
Fig.  3.) 

Table  3. — Length  of  Ufe  of  hees  in  cages  when  ether  extract  of  the  culture 
medium  of  Aspergillus  flavus  Ao5c  was  mixed  with  their  food 


pH  value  of  the  food  con- 

Number of  deaths  on  days  stated 

Total 

taining  fungous  extract 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

deaths 

Freshly  prepared;  about  pH 
4.6....-.- - 

0 
0 
0 

4 
3 
5 

6 

1 
6 

6 
0 
6 

3 
0 
2 

6 
0 
3 

26 

Made  basic  with  potassium 
hydroxide           .             - 

0 
0 

0 
3 

1 

0 

0 

2 

1 

3 

(') 

u 

Changed  from  basic  to  pH  4.6 

25 

1  The  total  number  of  bees  used  in  this  experiment  was  also  25.    The  food  containing  the  fungous  extract 
was  consumed  by  the  bees  after  14  days,  when  records  of  the  daily  death  rate  were  discontinued. 

If,  as  is  indicated  by  the  foregoing  experiment,  the  toxic  substance 
is  of  basic  nature,  it  should.be  dissolved  out  with  chloroform  if  the 
medium  is  first  made  basic.     Potassium  hydroxide  was  added  to  the 

_  medium  from  12-day-old  cultures 
until  it  gave  a  distinct  basic  reaction. 
Chloroform  was  then  shaken  with 
the  medium,  separated,  and  evapo- 
rated to  dryness,  as  was  done  with 
ether.  A  flocculent  precipitate, 
which  formed  upon  the  first  addi- 
tion of  chloroform,  was  separated, 
drained,  and  dissolved  in  a  small 
quantity  of  water.  By  the  addition 
of  honey  to  this  precipitate  a  food 
for  bees  was  prepared.  A  food  was 
prepared  also  with  the  residue  left 
upon  evaporation  of  the  chloroform. 
No  poisoning  resulted  from  either 
food.  After  six  days  each  prepa- 
ration was  adjusted  to  a  pH  value 
of  about  4.6  by  the  addition  of  sul- 
phuric acid  and  fed  to  recently 
caged  bees.  The  death  rate  in  both  cages  remained  normal.  The 
toxic  substance,  if  present  at  first,  appeared  to  have  been  entirely 
destroyed  in  the  basic  condition. 

That  it  was  nearly  all  removed  from  the  medium  was  shown  by 
adjusting  the  medium  to  its  original  pH  value  and  extracting  with 
ether  immediately  after  the  extraction  with  chloroform  was  com- 
plete. When  this  ether  extract  was  fed  to  bees  the  death  rate  was 
about  normal. 

In  order  to  determine  whether  the  toxic  substance  could  be 
recovered  by  the  adjustment  of  the  pH  value  immediately  after 


Figure  3. — Rate  of  mortality  of  honey- 
bees at  daily  intervals  after  the  com- 
mencement of  feeding  with  honey  con- 
taining ether  extract  of  the  nutrient 
medium  in  which  Aspergillus  flavus 
had  been  cultured :  1,  With  freshly 
prepared  extract ;  2,  with  extract 
made  slightly  basic  with  potassium 
hydroxide ;  3,  with  extract  adjusted 
to  a  concentration  of  about  pH  4.6 
after  it  had  been  made  slightly  basic 
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an  extraction  was  made  from  a  new  set 
chloroform  had  evaporated  the  residue 
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extraction  with  chloroform, 
of  cultures.  As  soon  as  the 
was  taken  up  with  water, 
mixed  with  honey,  and  ad- 
justed to  about  pH  4.6.  The 
precipitate  that  formed  with 
the  first  addition  of  chloro- 
form was  treated  in  the 
same  way.  The  death  rate 
was  increased  when  either 
the  residue  left  after  evapo- 
ration of  the  chloroform  or 
the  precipitate  was  fed  to 
ca«;ed  bees.  The  death  rate 
from  the  residue  was 
much  higher  than  that  from 
the  precipitate,  which  shows 
that  there  is  a  greater 
amount  of  toxin  in  the  chlo- 
roform. (Table  4  and  fig. 
4.)  It  may  be  that  the  pres- 
ence of  the  toxin  with  the 
precipitate  can  be  accounted 
for  by  adsorption. 

Table  4. — Length  of  life  of  hees  in  cages  when  the  extract  from  the  culture 
medium  of  Aspei-gillus  flavus  Ao5c  was  mixed  with  their  food 
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Figure  4. — Rate  of  mortality  of  honeybees  at  daily 
intervals  after  the  commencement  of  feeding 
with  extract  of  the  medium  in  wliich  Aspergillus 
flavus  had  been  cultured :  1,  With  chloroform 
extract  from  medium  made  slightly  basic  with 
potassium  hydroxide  before  extracting.  The 
food  containing  the  extract  was  then  adjuste<l 
to  a  concentration  of  about  pH  4.6  with  sul- 
phuric acid  just  before  it  was  given  to  the  bees. 
2,  With  the  precipitate  obtained  upon  the  addi- 
tion of  chloroform  to  the  basic  medium.  The 
food  containing  the  extract  was  adjusted  to  a 
concentration  of  about  pH  4.6  before  it  was 
given  to  the  bees.  3,  With  ether  extract  of  the 
medium  adjusted  to  an  acid  reaction  after  ex- 
tractions had  been  made  with  chloroform 


Method  of  preparation  and  pH  value 
of  the  extract 

Number  of  deaths  on  days  stated 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

deaths 

Chloroform  extract  adjusted  to  pH  4.6. 
Precipitate  obtained  with  chloroform 
fadiusted  to  dH  4  6) 

0 
0 

0 

3 
0 

26 
0 

0 
0 

30 

0 
0 

5 

2 

1 

1 

6 
2 

1 
2 

16 

Ether  extract  from  medium  after  ex- 
tracting with  chloroform  and  ad- 

7 

0) 

6 

. 

(') 

(.) 

9 

28 

»  Records  of  the  death  rate  were  not  made  on  this  day. 

As  checks  upon  the  experiments,  extractions  were  made  with  ether 
and  with  chloroform  from  medium  that  had  not  been  used  for  cul- 
turing.  These  extracts  were  added  to  diluted  honey  and  fed  to  bees. 
All  of  this  food  was  consumed,  but  none  of  the  bees  appeared  to  be 
poisoned  since  the  death  rate  was  normal.     (Table  5  and  fig.  5.) 

Table  5. — Dail^  death  rate  of  hees  in  cages  when  given  honey  far  food 


Investigator 

Cage 
No. 

Number  of  deaths  on  days  stated 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

PhUlips 

Do 

1 
2 
3 

4 

20 

1 
0 
0 

0 
0 
0 
0 

0 
4 
0 
0 

4 

28 
0 
0 

2 
12 

1 
0 

12 
6 
3 
0 

2 

2 

6 

»1 

3 
5 
1 

1 

6 
4 

7 
2 

8 

9 

3 

(») 

4 
6 
3 
5 

6 
6 

3 

11 
8 
3 
2 

10 
2 
3 
0 

9 
3 

1 
1 

3 
2 
5 

1 

2 

7 

(») 

Bumslde 

Do 

3 
2 

2 
4 

1  Three  other  check  lots  of  25  each  showed  that  the  first  deaths  of  normally  fed  bees  occurred  on  the 
sixth  or  seventh  day. 
>  Records  of  the  number  of  deaths  were  not  made  on  these  days. 
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Table  5. — DaUy  death  rate  of  bees  in  cages  whe^i  given  honey  for  food — Contd. 


Investi- 

Cage 
No. 

Number  of  deaths  on  days  stated 

Total 

gator 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

deaths 

Phillips.... 

1 
2 
3 
4 

101 

Do..... 

100 

Burnside... 

2 
2 

1 
5 

1 
5 

53 

Do 

(2) 

(') 
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11 

10 
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2  Records  of  the  number  of  deaths  were  not  made  on  these  days. 

The  graphs  of  Figures  1  to  4  and  Tables  1  to  4  show  the  rate  of 
mortality  obtained  under  varying  conditions  when  fungous  extracts 
mixed  with  dilute  honey  were  fed  to  bees  in  cages. 

The  normal  death  rate  for  caged  bees  when  given  honey  as  food 
is  shown  in  Table  5  and  in  the  graphs  of  Figure  5.  Graphs  1  and  2 
of  this  figure  were  drawn  from  data  obtained  by  Phillips  (19,  p. 
396-S99)  on  the  death  rate  of  bees  in  cages  when  given  honey  for 

I 


FiQUEE  5. — Rate  of  mortality  of  lots  of  honeybees  in  cages  when  fed  with  honey.     This 
graph  represents  normal  death  rates  for  bees  kept  in  cages 

food.  Graphs  3  and  4  were  drawn  from  data  obtained  by  the  writer 
while  determining  the  normal  death  rate  of  bees  in  cages,  as  checks 
upon  other  experiments.  These  cages  were  kept  in  the  laboratory  on 
the  opposite  side  of  the  room  from  the  source  of  light.  The  bees 
were  supplied  with  honey  diluted  with  an  equal  volume  of  water. 
The  temperature  of  the  laboratory  during  the  time  that  the  experi- 
ments were  in  progress  ranged  between  23°  and  27°  C. 

In  view  of  the  difference  in  death  rate  between  the  ^periments  of 
Phillips  and  those  of  the  writer,  when  bees  in  cages  were  given  honey 
for  food,  one  is  led  to  believe  that  there  were  important  differences 
in  the  conditions  of  the  experiments.  Either  the  bees  used  by  Phil- 
lips were  not  entirely  healthy  or  the  conditions  under  which 
his  experiments  were  conducted  were  less  favorable  for  caged  bees. 

RESULTS    OF    EXPERIMENTS    WITH    THE    PENICILLIA 

While  studying  the  fungi  associated  with  honeybees  the  writer 
(^,  p,  6Ji)  found  that  species  of  Penicillium  caused  the  mummification 
of  bees  more  often  than  did  any  of  the  other  forms.  Bees  mummi- 
fied by  Penicillia  resemble  closely  those  killed  by  Aspergilli.  At- 
tempts were  made  to  infect  healthy  bees  with  cultures  of  Penicillium 
isolated  from  other  bees.  Adult  bees  in  cages  and  in  colonies  were 
unaffected  when  spores  of  these  organisms  were  fed  to  them.  Adult 
bees  and  brood  in  colonies  exposed  to  the  cultures  of  Penicillium  on 
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brood  combs  were  mNo  unafTocted.  Bees  were  attacked  and  killed, 
however,  when  th(^  ^pon  >  of  an  unidentified  species  of  Penicilliura, 
isolated  from  mycclimn  growing  in  a  wound  of  a  living  bee,  were 
placed  in  wounds  nuulv  with  a  needle.  The  infection  was  at  first 
localized  in  the  wound,  but  soon  spread  to  other  parts  of  the  body. 
NothiiiL^  further  could  be  done  with  this  species  tnough  the  follow- 
:ii«:  iiK  nihcis  (.f  this  ubiquitous  group  of  fungi  were  tested  for  patho- 
Lfcnicit y  :  l\'nHinhuii  corylophilurti  Dierckx,  P.  cycio'piurrh  Westling, 
l\  pal) funs  W(stlin<r,  P.  expansvmi  Link  sensu  Thom,  P.  commune 
Thoni.  and  P.  hvevicavle  Saccardo  sensu  Thom. 

Altli()Uij:h  the  spores  of  the  above  species  of  Penicillium  did  not 
germinate  within  the  digestive  tract  of  living  bees,  they  remained 
viable  and  often  germinated  soon  after  the  death  of  the  bee,  causing 
nnunniificatioii  of  the  tissues.  This  probablj^  accounts  for  the  simi- 
larity of  conditions  observed  in  bees  mummified  by  Penicillia  with 
those  conditions  observed  in  bees  killed  by  Aspergilli. 

RESULTS    OF    EXPERIMENTS    WITH    THE    MUCORS 

Adult  worker  bees  were  inoculated  with  species  of  the  genus 
Mucor  which  had  been  isolated  from  bees  mummified  by  these  organ- 
isms. They  were  unaffected  in  most  of  the  experiments,  though  an 
occasional  bee  was  attacked  by  one  species,  M.  hievuiLis  Wehmer, 
when  bees  were  caged  on  cultures,  or  when  spores  of  this  organism 
were  mixed  with  dilute  honey  and  fed  to  them. 

Only  an  occasional  bee  was  attacked  in  colony  experiments  in 
which  most  of  the  honey  was  removed  from  the  hives  and  replaced 
with  honey  diluted  with  three  volumes  of  a  water  suspension  of 
spores  of  M.  hiemalis.  The  brood  in  such  cases  was  unaffected.  The 
other  species  isolated  from  bees  and  tested  for  pathogenicity  on  bees 
in  cages  were  M.  racennosus  Fresenius,  Rhizopus  nigricatis  Ehren- 
berg  sensu  Lendner,  and  Syncephalastruni  raceinosmn  F.  Cohn. 
None  of  the  bees  were  attacked  by  these. 

SYMPTOMS   PRODUCED    BY    OTHER    FILAMENTOUS    FUNGI 

A  considerable  number  of  fungi  belonging  to  genera  other  than 
those  already  discussed  have  been  isolated  from  bees  and  tested  for 
pathogenicity  by  feeding  spores  to  bees,  or  by  caging  bees  on  the 
cultures.  Among  the  fungi  tested  were  Fusamum  negundo  Hubert 
and  other  unidentified  species  of  Fusarium,  unidentified  species  of 
Sporotrichum,  Cladosporivmh  herbcmmii  Pers,  Homiodendruiii  atrwni 
Bonord,  and  Myceliophthora  in-flata  Burnside.  Only  negative  re- 
sults were  obtained  in  the  experiments  with  these  fungi.  An  uniden- 
tified species  of  Isaria,  isolated  from  a  sowbug,  and  Metm^hizium 
anisopliae  (Metsch.)  Sorokin  attacked  less  than  10  per  cent  of  the 
inoculated  bees. 

Other  fungi  have  been  isolated  that  were  found  vegetating  within 
the  digestive  tract  or  tissues  of  sick  bees.  Although  the  observations 
made  indicated  that  some  of  these  were  pathogenic  to  the  bee,  inocu- 
lation experiniLiits  wwv  limited  to  those  forms  that  appear  on  bees 
with  considerable  frequency. 
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RESULTS    OF    EXPERIMENTS    WITH    THE    YEASTS 

In  the  experiments  with  yeasts,  ordinary  baker's  yeast,  certain  iden- 
tified yeasts  isolated  from  bees,  and  several  unidentified  species,  were 
used.  The  specific  identifications  were  determined  by  comparison  of 
the  morphological  and  cultural  characteristics  of  the  yeast  with  those 
given  for  these  species  by  Guilliermond  {13).  Introductions  through 
the  alimentary  canal  were  made  by  mixing  cultures  of  yeast  with  the 
food,  by  caging  bees  on  the  cultures,  and  by  wetting  them  with  water 
suspensions  of  yeasts.  Inoculations  were  made  directly  into  the 
blood  of  bees  through  wounds  made  with  a  sterile  needle.  The  foods 
wdth  which  the  yeasts  were  mixed  included  dilute  honey,  10  to  20 
per  cent  sugar  solution,  and  Laurent's  medium  for  yeasts  to  which 
about  20  per  cent  of  sugar  or  honey  was  added. 

A  dysenteric  condition  appeared  among  caged  bees  that  were  heav- 
ily inoculated  by  feeding  on  Saccharomyoes  ellipsoideus  Hansen,  S. 
cerevisiae  Hansen,  and  on  two  cultures  of  Mycodermna  oerevisiae 
Desm.  and  Hansen  that  differed  in  cultural  characteristics.  Uninocu- 
lated  bees  kept  under  conditions  as  nearly  identical  as  could  be  ob- 
tained were  not  similarly  affected.  No  effects  were  noticeable  from 
feeding  on  SacchaTOTnyces  apicidatus  Klocker  and  one  other  unidenti- 
fied, slow-growing  yeast.  The  death  rate  among  inoculated  bees 
averaged  higher  than  among  the  checks  for  the  entire  series  of  ex- 
periments, although  the  difference  was  so  small  that  its  significance  is 
as  yet  uncertain. 

When  bees  were  heavily  inoculated  by  feeding  on  S.  cerevisiae  and 
S,  eUipsoidev^^  taken  from  cultures  on  potato  slants,  a  condition  re- 
sembling intoxication  developed.  Gas,  which  gave  positive  tests 
for  CO2,  was  formed  within  the  ventriculus  of  the  intoxicated  bees. 
Recovery  from  this  condition,  however,  occurred  within  three  or 
four  hours,  and  the  death  rate  among  the  bees  remained  normal  when 
the  food  containing  yeast  was  replaced  with  pure  honey. 

Caged  bees  were  unaffected  when  small  quantities  of  yeast  were 
mixed  wdth  their  food,  and  bees  in  colonies  were  apparently  un- 
affected when  the  only  food  available  consisted  of  dilute  honey  or 
sugar  sirup  with  which  half  a  dozen  yeast  cultures  were  mixed. 

Limited  growth  was  observed  to  occur  within  the  ventriculus  of 
infected  bees  when  their  food  consisted  of  dilute  honey  sirup  or 
Laurent's  medium.  Growth  never  progressed  farther,  however, 
than  the  formation  of  one  or  two  buds  by  less  than  20  per  cent  of  the 
cells.  In  about  3  or  4  days  after  bees  were  given  the  cultures  most 
of  the  yeast  had  passed  from  the  ventriculus  into  the  rectum.  Yeast 
cells  within  the  contents  of  the  rectum  were  found  to  be  viable  up  to 
10  days  after  being  eaten. 

When  the  inoculation  with  yeasts  was  made  in  the  blood  by  punc- 
tures in  the  thorax,  infection  and  death  resulted  in  from  50  to  100 
per  cent  of  the  individuals.  With  Saccharomyces  apiculatus  death 
resulted  in  about  50  per  cent  of  the  cases.  Weakening  and  crawling 
of  some  of  the  inoculated  bees  was  first  noticed  after  2  days,  and 
death  usually  occurred  in  less  than  24  hours  after  the  first  symptoms 
were  apparent.  Most  of  the  inoculated  bees  that  were  infected  died 
in  from  2i^  to  6  days  after  they  were  inoculated.  A  few  died  of 
disease  after  8  days,  although  as  a  rule  those  that  survived  for  8 
days  after  inoculation  had  not  been  infected. 
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Other  yeasts  isolated  from  bees,  including  S.  ellipsoideits,  S. 
cerevisiae,  Mycodenna  cerevisiae  I,  and  M.  cerevisiae  II,  three  un- 
identified yeasts,  as  well  as  brewer's  yeast,  gave  results  similar  to 
those  with  S.  apiculatus. 

The  highest  death  rate  was  obtained  with  aS.  ellipsoideus  and  S. 
cerevisiae.  With  both  of  these  organisms  the  first  symptoms  of 
disease  appeared  in  from  24  to  36  hours  at  normal  room  temperature, 
although  at  30°  C.  this  time  was  shortened.  The  highest  death  rate 
occurred  during  the  second  to  fourth  day  after  inoculation,  and  a 
few  bees  died  between  the  fifth  and  sixth  days.  With  these  two 
organisms  from  75  to  100  per  cent  of  the  bees  inoculated  usually 
died  from  infection. 

With  Mycoderma.  ceremsiae  I,  M.  cerevisiae  II,  and  the  three  un- 
identified yeasts  from  bees,  the  death  rate  from  infection  was  slightly 
higher  than  with  Saccharoviyces  apiculatv^s.  Infected  bees  rarely 
lived  longer  than  seven  days  after  the  inoculations  were  made.  From 
50  to  70  per  cent  of  the  inoculated  bees  died  as  a  result  of  infection. 

Microscopical  examinations  were  made  of  the  thoracic  muscles  and 
blood  of  inoculated  bees  at  intervals  after  inoculation.  Yeast  cells 
multiplied  rapidly  within  the  blood  and  at  the  time  of  death  were 
present  in  such  large  numbers  that  the  blood  appeared  millry^. 
Although  the  organism  was  ultimately  carried  to  all  of  the  body 
divisions  by  the  blood,  the  most  abundant  development  seemed  to 
occur  on  the  muscle  fibers  of  the  thorax.  Yeast  cells  seemed  to 
multiply  there  while  the  blood  flowed  over  them  without  altering 
their  position. 

In  a  few  cases  the  infection  appeared  more  or  less  localized  in  the 
region  surrounding  the  point  of  inoculation.  With  S.  apiculatus^ 
small  spindle-shaped  to  linear  pockets  filled  with  yeast  cells  were 
observed  in  considerable  numbers  between  the  fibers  of  the  wing 
muscles  and  apparently  between  the  sarcostyles  near  the  surface  of 
the  muscle  fibers.  There  were  usually  from  5  to  20  yeast  cells  in 
each  of  these  pockets  at  the  time  death  occurred. 

Symptoms  were  readily  discernible  upon  dissection  of  the  bees 
after  death.  The  blood  was  found  to  have  lost  its  pale-brownish 
color  and  had  become  milky.  At  the  time  of  death,  the  wing  muscles 
were  slightly  less  rigid  than  in  normal  bees.  Later  they  became 
mummified  and  brittle.  The  drying  wing  muscles  shrink  away  from 
the  exoskeleton  except  where  they  are  attached.  One  of  the  most 
distinctive  symptoms  of  yeast  infection  determinable  without  the 
aid  of  a  microscope  is  the  presence  of  a  chalk-white  coating  on  the 
surface  of  the  muscles  after  they  have  dried.  The  presence  of  nu- 
merous yeast  cells  within  the  blood  and  on  the  muscle  fibers  is  readily 
established  with  the  aid  of  a  microscope.  No  external  changes  were 
observed  by  which  bees  dead  of  infection  with  yeasts  could  be  distin- 
guished. 

DISCUSSION 

These  investigations  have  dealt  with  the  fungi  for  which  patho- 
genicity has  been  established  and  those  that  are  closely  associated 
with  bees  but  usually  do  not  parasitize  them.  All  of  these  ordinarily 
reach  their  typical  development  as  saprophytes  under  a  wide  variety 
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of  conditions.  Some  of  them  occur  regularly  on  brood  combs  under 
proper  conditions  for  their  growth,  whereas  others  are  rarely  found 
there. 

The  specific  descriptions  have  not  been  included,  since  they  are 
obtainable  in  standard  works  on  mycology. 

The  Aspergilli  are  widely  distributed,  and  the  various  species 
develop  under  widely  different  conditions.  They  are  most  com- 
monly met  with  as  saprophytes  growing  upon  rotting  fruits  and 
other  food  products  in  which  there  is  a  high  concentration  of  sugars. 
During  dearths  of  nectar,  spores  of  Aspergilli  may  be  gathered  by 
bees  with  juices  of  fruit  or  other  juices  which  contain  sugar.  They  are 
often  found  on  the  brood  combs  under  certain  conditions  of  moisture 
which  exist  in  weak  colonies,  or  in  hives  in  which  colonies  have  died 
out  during  winter  or  spring.  Wet  extracting  combs  when  stored  in 
damp  rooms  may  also  be  attacked  by  a  number  of  the  species.  Many 
of  the  species  of  Aspergillus,  however,  reach  their  typical  develop- 
ment under  dry  conditions.  Grain  in  storage,  dried  fish,  foods,  and 
herbarium  specimens  are  frequently  attacked  by  these.  Some  forms 
are  typical  inhabitants  of  the  soil.  Still  others  are  capable  of  be- 
coming active  animal  parasites,  attacking  insects,  birds,  and  mam- 
mals, including  man. 

Of  the  several  hundred  isolations  of  Aspergilli  from  bees  affected 
by  mycosis,  more  than  half  were  yelloAV -green  spored  forms  of  the 
AspergiUus-favus-oryzae  group.  The  greater  number  of  these  in 
turn  were  of  the  A.  fiavus  series  with  comparatively  long  conidio- 
phores.  This  may  probably  be  accounted  for  by  their  virulent  patho- 
genic nature,  their  abundant  sj)ore  production,  and  their  widespread 
saprophytic  growth  on  a  variety  of  natural  substances  including 
extracting  and  brood  combs.  All  of  the  organisms  belonging  to  this 
group  isolated  from  bees  from  the  chief  beekeeping  sections  of  the 
United  States  and  from  Canada  and  Europe  have  been  found  to  be 
pathogenic  when  tested.  Tests  with  a  considerable  number  of  races, 
strains,  or  species  of  the  group,  obtained  elsewhere  than  from  bees, 
seem  to  indicate  that  there  is  considerable  difference  in  the  degree  of 
virulence.  Intermediate  strains,  all  known  as  A,  jlavus-OTyzaey  have 
been  isolated  from  bees  on  but  few  occasions.  These  organisms,  when 
tested,  attacked  both  bees  and  brood.  Intermediate  forms  from  other 
sources  have  also  given  positive  results,  but  the  death  rate  among 
bees  was  generally  lower  than  Avith  A.  jlavus.  Other  strains  failed 
to  attack  bees  under  similar  conditions. 

A.  oryzae  was  not  isolated  from  bees,  but  at  least  one  strain,  A. 
oryzae  (113  L),  obtained  from  the  Thom  and  Church  collection, 
attacked  a  few  bees  in  cages  and  an  occasional  larva  when  spores 
were  shaken  over  a  brood  comb  containing  uncapped  brood.  It  is 
only  among  the  A.  -flavus  series  of  this  group,  however,  that  patho- 
genic organisms  are  found  that  are  of  importance  as  causing  bee 
diseases. 

The  deep-green  strains,  which  produce  acid  most  abundantly  are 
the  ones  that  attack  bees  most  readily.  On  the  other  hand,  the  thick- 
ness of  the  spore  wall,  which  in  A.  -flavus  is  about  twice  as  thick  as  in 
A.  oryzae^  may  be  a  determing  factor  in  protecting  the  spores  from 
the  digestive  fluids  of  the  bee  until  germination  can  take  place. 
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Organisms  belonging  to  the  Aspergillus  fwnigatus  group  occur  on 
adult  bees  (pi.  4,  A)  and  less  frequently  on  the  brood.  Tests  for 
pathogenicity  with  A,  fv/rrdgatus  isolated  from  bees  obtained  from 
widely  scattered  sections  of  the  United  States  have  all  given  posi- 
tive results.  Cultures  obtained  from  the  collection  of  Thom  and 
Church  and  from  a  prominent  drug  manufacturer  of  Detroit  have 
been  found  capable  of  parasitizing  bees.  Negative  results  have  never 
been  obtained  with  A.  fvimugaJtus^  but  brood-comb  cultures  placed 
in  colonies  caused  less  damage  than  was  caused  by  A.  -fiavus.  In 
cage  experiments  the  mortality  from  the  fungus  has  usually  been  100 
per  cent. 

Aspergillus  nidvlans  occurs  less  frequently  on  bees  than  does  A, 
fwniigaUis,  Isolations  have  been  made  from  adult  bees  from  time  to 
time  and  once  from  brood.  Inoculation  experiments  with  A,  nidu- 
luns  from  bees  and  from  other  sources  seem  to  indicate  that  a  number 
of  strains  are  pathogenic  to  bees.  The  death  rate  among  bees  inocu- 
lated with  A.  ni/lulans  is  lower  than  with  A.  flavus  or  A.  funiigatus^ 
and  the  bees  frequently  escape  infection. 

Aspergillus  glau^ms  has  been  isolated  from  mummified  larvae  and 
from  adult  bees.  In  experiments  with  caged  bees  only  a  small  per- 
centage were  infected,  and  cultures  obtained  from  the  Thom  and 
Church  collection  failed  to  attack  any  of  the  bees.  Brood  was  not 
attacked  when  spores  were  scattered  over  larvae  from  two  to  four 
days  old. 

The  black-spored  Aspergillus,  Aspergillus  niger^  has  rarely  been 
found  on  bees,  although  isolations  have  been  made  from  adult  bees 
and  from  mummified  larvae,  and  a  few  worker  bees  were  attacked 
in  inoculation  experiments.  Attempts  to  cause  infection  of  brood 
by  A.  niger  were  not  made.  Such  an  extreme  case  as  that  described 
by  Morgenthaler  {18)^  in  which  the  comb  cells  were  filled  with  a 
loose,  dark-brown  or  black  powder  and  larvae  shriveled,  but  with 
swollen  edges,  lay  covered  with  this  dust,  has  never  been  observed  in 
these  experiments.  The  brood  combs  of  tightly  closed  hives  from 
which  the  bees  were  removed  have  been  observed  to  be  completely 
overgrown  with  A.  niger.  No  noticeable  infection  occurred,  how- 
ever, when  these  combs  were  given  to  strong  colonies  even  though 
brood  rearing  was  begun  in  them  within  a  few  days. 

In  one  instance  an  organism  identified  as  Aspergillus  ochraceus 
appeared  to  have  been  the  cause  of  heavy  losses  in  a  Connecticut 
apiary.  Examination  of  samples  sent  to  the  writer  showed  that 
more  than  75  per  cent  of  the  diseased  bees  were  attacked  by  this 
organism.  (PI.  3,  A.)  A  second  lot  from  the  same  apiary  yielded 
about  60  per  cent  of  infected  bees.  Inoculation  experiments  with 
young  cultures  were  unsuccessful,  as  neither  bees  nor  brood  wfere 
attacked.  When  year-old  cultures  that  had  thoroughly  dried  were 
used,  all  of  the  inoculated  bees  were  attacked  and  killed. 

It  was  found  that  young  but  apparently  mature  spores  of  this 
Aspergillus  were  not  only  unable  to  germinate  within  the  alimentary 
canal  but  were  killed  after  a  short  time.  No  growth  occurred  after 
the  bees  were  killed,  and  the  spores  failed  to  germinate  when  placed 
on  nutrient  agar.  Gorging  with  young  spores  was  ineffective  in 
stimulating  an  attack.  During  the  culture  of  this  organism  the 
spores  were  observed  to  be  at  first  thin  walled  with  a  gelatinlike 
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coating.  Later  on  the  spore  walls  became  thicker  and  roughened 
while  changes  of  a  chemical  nature  result  in  hardening  of  the  gelatin- 
ous covering.  This  additional  protection  in  old  spores  from  the 
digestive  fluids  of  the  bee  may  explain  the  ability  of  old  spores  to 
attack  bees'  and  the  complete  lack  of  this  ability  in  young  spores. 
After  germination,  the  digestive  fluids  of  bees  appear  to  have  no 
injurious  effects  upon  the  young  mycelium. 

Two  other  cultures  of  A.  ochraceus,  isolated  from  bees  but  differing 
in  morphological  and  cultural  characteristics  from  this  form,  failed 
to  parasitize  bees  or  brood  regardless  of  the  age  of  the  spores. 

A  few  species  of  Aspergillus,  among  them  A.  versicolor,  A.  terreics, 
A.  candidios,  A.  sydowi,  A.  svZphureus,  and  A.  clavatus,  isolated  from 
beehives'  or  bees,  failed  to  infect  bees  in  cages.  Colonies  of  bees, 
therefore,  were  not  tested  with  these  organisms.  The  mycelium  of 
these  species  was  superficial  on  bees,  and  the  characteristic  mum- 
mification, common  in  mycosis,  was  absent.  If  these  species  ever 
attack  bees,  it  would  appear  that  special  conditions  are  necessary. 

The  Penicillia  appear  to  have  only  a  purely  saprophytic  relation 
to  bees.  The  resemblance  of  bees  mummified  by  any  of  a  number  of 
species  of  Penicillium  to  those  dead  of  mycosis  may  be  explained  by 
the  rapid  saprophytic  growth  within  the  bee  immediately  after  death. 

The  frequency  with  which  the  Penicillia  occur  on  bees  may  be  ac- 
counted for,  at  least  in  part,  by  their  ubiquitous  nature  and  by  the 
fact  that  the  spores  are  not  quickly  killed  by  the  intestinal  fluids. 
Viable  spores  in  large  numbers  are  usually  present  on  the  brood 
combs  and  equipment  within  the  hive.  When  Penicillium  spores 
gain  entrance  to  the  alimentary  canal  before  death,  they  may  grow 
saprophytically  within  the  bee  after  death. 

The  only  damage  to  bees  for  which  the  Penicillia  are  responsible 
is  caused  by  their  saprophytic  growth  within  the  hive.  Since  the 
conditions  of  moisture  and  temperature  within  strong,  well-managed 
colonies  rarely  permit  the  growth  of  fungi  on  the  combs,  damage  is 
generally  limited  to  poorly  ventilated  hives,  weak  colonies,  and 
combs  in  unoccupied  hives. 

Mucors  have  been  found  to  occur  commonly  on  bees,  but  the  experi- 
mental evidence  thus  far  obtained  indicates  that  ordinarily  they  are 
not  pathogenic.  Sporangiospores  may  swell  considerably  or  even 
bud  once  or  twice  in  a  yeastlike  manner  within  the  ventriculus  with- 
out seriously  injuring  the  bee.  It  was  found  by  cultures  from  the 
ventriculus  and  rectum  of  inoculated  bees  that  sporangiospores  of 
most  of  the  Mucors  investigated  were  soon  killed  by  the  intestinal 
fluids  of  adult  bees.  Inoculated  bees  that  later  died  of  starvation 
were  not  attacked  by  the  Mucor  after  death. 

It  appears,  however,  that,  under  certain  conditions  which  as  yet 
have  been  only  partially  determined,  bees  are  parasitized  by  one  or 
more  species  of  Mucor.  In  the  inoculation  experiments  with  Mucor 
hiemcdis  an  occasional  bee  died  of  infection.  This  species  has  often 
been  isolated  from  mycelium  found  vegetating  in  sick  bees  and  from 
dead  bees. 

The  results  of  investigations  with  this  Mucor  will  be  given  in 
another  paper. 

Inoculations  with  other  filamentous  fungi  that  commonly  occur  on 
bees  have  always  given  negative  results;  consequently  the  writer  is 
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of  the  opinion  that  they  rarely  attack  healthy  bees.  Occasionally 
fungi  differing  from  those  found  to  be  pathogenic  by  experimental 
inocuhition  have  been  isolated  from  mycelium  found  vegetating 
within  the  digestive  tract  or  tissues  of  sick  bees.  This  would  seem 
to  indicate  that  the  fun*^!  observed  could  parasitize  the  bees.  How- 
ever, since  no  one  species  other  than  those  already  discussed  was 
isolated  more  than  two  or  three  times,  their  pathogenic  relation  to 
bees  was  not  extensively  investigated. 

The  yeasts  have  been  observed  to  occur  with  considerable  con- 
stancy within  the  alimentary  canal  of  bees.  The  number  of  cells 
present  was  usually  small,  and  they  were  often  limited  to  the  contents 
of  the  rectum,  but  a  considerable  number  of  cases  have  been  observed 
in  which  much  of  the  contents  of  the  honey  stomach  or  of  the  ventri- 
culus  consisted  of  yeast  cells.  In  most  of  these  cases  the  cells  were 
evenly  distributed  within  the  contents,  and,  although  buds  in  various 
stages  of  development  were  present,  it  could  not  be  ascertained 
whether  growth  had  occurred  within  the  bee.  At  one  time  yeast, 
in  more  or  less  rounded  hard  masses  of  the  size  of  wheat  grains,  was 
found  in  the  honey  stomachs  of  more  than  10  per  cent  of  a  lot  of 
sick  bees  collected  in  November,  1924,  at  Ann  Arbor,  Mich.  Three 
distinct  yeasts,  one  of  which  was  identified  as  Saccharomyces  ellip- 
soideus,  were  isolated  from  the  masses  of  yeast  cells.  It  was  thought 
possible  that  these  yeasts  had  developed  within  the  honey  stomachs 
of  the  bees  and  were  responsible  for  their  abnormal  condition. 

A  series  of  feedings  with  these  yeasts  and  others,  including  Sac- 
charoviyces  aficulatus^  isolated  from  bees  failed  to  justify  such  an 
assumption.  None  of  the  yeasts  multiplied  extensively  within  the 
alimentary  canal,  and  the  bees  were  not  seriously  affected  by  the 
presence  within  the  digestive  tract  of  large  quantities  of  yeast. 
Masses  of  yeast  cells,  such  as  were  found  within  the  honey  stomachs, 
did  not  form  there  within  these  inoculated  bees.  Such  masses  did 
form,  how^ever,  but  without  apparent  harm,  within  the  ventriculus  of 
bees  that  were  heavily  inoculated.  In  this  case  the  yeast  masses 
were  doubtless  formed  as  a  result  of  the  sifting  out  of  the  cells  from 
the  food  contents  of  the  ventriculus.  Such  a  process  could  also  occur 
in  nature  when  bees  feed  upon  partly  fermented  honey. 

Yeasts  have  been  found,,  often  in  large  numbers,  in  the  tissues  of 
bees  several  days  after  their  death.  Among  these,  Saccharomyces 
apiculatus  and  S.  ellipsoideus  were  recognized.  A  small  oval  yeast 
that  was  not  identified  was  found  in  the  thoracic  muscles  of  about 
50  per  cent  of  a  sample  of  nearly  a  hundred  dead  bees  sent  to  the 
bee-culture  laboratory  from  South  Carolina.  The  gross  symptoms 
of  these  infected  bees  resembled  closely  those  of  bees  inoculated  with 
yeasts  by  being  punctured  with  a  needle  that  had  been  dipped  into 
a  suspension  of  yeast  cells. 

Following  these  observations  on  dead  bees,  it  seemed  desirable  to 
observe  living  bees  to  determine  if  yeasts  are  capable  in  nature  of 
parasitizing  healthy  bees  by  gaining  entrance  into  their  blood. 
Although  many  apparently  affected  bees  were  examined,  yeasts  were 
never  found  vegetating  in  the  blood. 

Although  it  could  not  be  determined  whether  or  not  the  yeasts 
found  in  the  muscle  tissues  and  blood  of  dead  bees  had  been  the 
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cause  of  death,  all  of  the  methods  of  infecting  other  than  the  punc- 
ture method  gave  negative  results. 

In  summing  up  the  evidence  from  the  experimental  inoculations 
with  yeasts  and  the  observations  on  bees,  it  appears  that  ordinarily 
yeasts  do  not  infect  the  blood  or  tissues  of  healthy,  uninjured  bees, 
although  they  are  capable  of  becoming  actively  pathogenic  when 
they  gain  entrance  to  the  blood  or  tissues. 

It  has  been  shown  that  certain  species  of  fungi  are  pathogenic  to 
honeybees  of  all  ages.  Some  of  these  attack  adult  bees  in  nature 
with  considerable  frequency  and  reach  a  degree  of  economic  im- 
portance when  conditions  favor  the  production  of  large  numbers  of 
spores.  Others  attack  bees  so  rarely  under  normal  conditions  that 
their  importance  as  causative  agents  of  disease  is  negligible,  whereas 
still  others  that  have  never  been  found  on  bees  in  nature  were  found 
to  attack  bees  when  inoculated  experimentally. 

The  greater  number  of  fungus  species  that  cause  diseases  of  adult 
bees  also  attack  the  brood.  This  was  found  to  be  the  case  with  most 
of  the  species  or  strains  of  Aspergillus  used  in  these  investigations. 
When  inoculated  experimentally  with  a  pathogenic  Aspergillus,  brood 
is  attacked  and  killed  more  quickly  than  are  adult  bees,  though  the 
loss  of  brood  resulting  from  Aspergillus  mycosis  is  much  less  than 
that  of  adult  bees. 

The  frequency  with  which  bees  are  attacked  by  fungi  in  nature 
appears  to  depend  chiefly  upon  the  virulence  of  the  pathogenic 
species  and  upon  their  dispersion.  Conditions  that  favor  abundant 
growth  of  pathogenic  fungi  in  nature  are  conducive  to  the  spread 
of  fungous  diseases.  The  fact  that  brood  is  rarely  attacked  can 
probably  be  explained  by  the  small  probability  that  larval  food  will 
contain  a  sufficient  number  of  viable  spores  to  cause  infection. 

The  pathogenicity  of  a  fungus  appears  to  be  determined  by  the 
ability  of  its  spores  and  mycelium  to  resist  the  action  of  the  intes- 
tinal fluids  within  the  digestive  tract  of  bees. 

Mycosis  of  bees  reaches  its  greatest  significance  with  adult  workers. 
Throughout  the  active  season  an  appreciable  number  of  these  are 
killed  by  pathogenic  fungi,  principally  by  the  yellow-green  spored 
Aspergilli.  In  one  case  about  40  per  cent  of  a  lot  of  bees  that  showed 
symptoms  similar  to  mycosis  yielded  pathogenic  species  of  Asper- 
gillus. Usually,  however,  only  about  5  per  cent  of  the  suspected  bees 
were  infected. 

It  is  difficult  to  estimate  the  importance  of  mycosis  among  bees 
because  adult  bees  generally  die  away  from  the  hive,  and,  when  the 
percentage  remains  small,  larvae  may  be  carried  out  soon  after 
they  become  infected.  The  death  rate  from  mycosis  during  the 
winter  varies  with  conditions  within  the  hive.  In  strong  colonies 
under  good  wintering  conditions  it  is  negligible;  in  weak  colonies, 
when  pathogenic  fungi  have  grown  over  the  combs,  mycosis  may 
become  an  important  factor  in  the  dwindling  and  death  of  the  colony. 

In  view  of  the  fact  indicated  by  this  study,  that  fungous  diseases 
of  bees  are  not  likely  to  assume  the  importance  of  either  of  the  foul 
broods,  methods  of  control  have  not  been  extensively  studied. 

Complete  control  would  be  difficult  to  attain,  since  worker  bees 
may  be  infected  while  gathering  sweet  juices  from  fruits,  food  prod- 
ucts, and  many  other  natural  and  prepared  substances,  upon  which 
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fiathogenic  fungi  grow.    Infection  from  this  source,  however,  is  not 
ikely  to  become  epidemic. 

Infection  from  molded  combs,  equipment,  and  dead  bees  can  be 
considerably  reduc(Ml  by  care  about  the  apiary.  During  the  winter 
ample  provisions  should  bo  made  for  the  escape  from  the  hives  of 
metabolic  water  vapor.  The  bottom  board  should  be  cleaned  of 
molded  bees  as  early  in  the  spring  as  weather  conditions  are  suitable 
for  manii)ulating  the  bees  without  danger  of  chilling  them.  Brood 
combs  and  extracting  combs,  when  not  in  use,  should  be  stored  in  dry 
rooms  to  prevent  pathogenic  fungi  from  growing  on  them. 

In  order  to  prevent  the  possible  occurrence  of  disease,  all  badly 
molded  combs  and  equipment  used  inside  of  the  hive  should  be 
dipped  for  a  few  minutes  in  a  20  per  cent  solution  of  formalin 
in  water  or  exposed  to  formaldehyde  gas  in  an  air-tight  chamber  for 
two  or  three  days.  Molded  hive  bodies,  bottom  boards,  and  covers 
which  can  not  he  dipped  readily  should  be  washed  with  the  same 
solution. 

SUMMARY 

This  investigation  of  the  fungous  pests  of  bees  shows  that  para- 
sitic fungous  species  occur  on  bees  and  brood,  that  they  may  cause 
quite  virulent  diseases,  that  some  of  these  forms  reported  as  patho- 
genic in  Europe  also  occur  in  North  America,  and  that  there  are 
additional  pathogens  not  heretofore  reported.  Certain  other  myco- 
logical  and  biochemical  data  have  been  obtained  and  presented ;  and 
the  effects  of  the  invading  fungi  on  the  bees,  their  development,  and 
the  disturbances  caused  within  the  body  of  the  bees  and  larvae,  have 
been  worked  out  in  considerable  detail. 

The  fungi  shown  to  be  pathogenic  include  species  of  Aspergillus 
and  Mucor,  and  the  Saccharomycetes.  Several  species  of  Aspergillus 
and  one  of  Mucor  are  most  important. 

Members  of  the  Aspergillus  -flavus  series  were  shown  to  attack  bees 
more  frequently  than  other  forms  of  Aspergillus,  but  A.  funnigatus 
is  also  virulently  pathogenic.  In  addition,  A.  nidulans^  A.  niger, 
A,  glaucus^  and  A.  ochrdceus  attack  bees  in  nature. 

Bees  are  attacked  when  spores  of  pathogenic  fungi  are  taken  into 
the  alimentary  canal.  They  can  be  artificially  inoculated  by  mixing 
spores  of  the  fungi  with  their  food  or  by  causing  them  to  come  in 
contact  with  mature  cultures.  Infection  also  results  when  spores 
are  placed  in  the  blood  of  bees  by  puncturing  the  exoskeleton. 

The  spores  germinate  within  the  food  contents  of  the  alimentary 
canal.  The  hyphae  penetrate  the  wall,  and  under  favorable  condi- 
tions all  of  the  softer  tissues  are  attacked  by  the  mycelium.  The 
spores  of  nonpathogenic  fungi  do  not  germinate  within  the  ali- 
mentary canal  of  healthy  bees,  but  with  some  species  they  remain 
viable  and  germinate  after  the  death  of  the  bee. 

Germ  tubes  were  found  not  to  penetrate  the  exoskeleton  of  healthy 
adult  bees.  They  may  be  induced  to  penetrate  the  skin  of  larvae, 
but  this  rarely,  ir  ever,  occurs  in  nature. 

Before  death  the  gross  symptoms  of  mycosis  are  not  distinct  from 
those  of  other  disturbances  in  adult  bees.  At  the  time  of  death,  or 
soon  thereafter,  positive  diagnosis  can  be  made  microscopically  from 
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the  presence  of  mycelium  within  the  tissues.  Diagnosis  may  also  be 
made  from  the  post-mortem  changes. 

The  action  of  pathogenic  fungi  upon  the  tissues  of  bees  is  both 
physical  and  chemical  in  nature.  Tissues  are  penetrated  by  the  de- 
veloping mycelium  and  are  digested  by  the  fungous  enzymes.  One 
pathogenic  fungus,  AspergUlios  flavus  Ao5c,  was  shown  to  produce 
a  transient  toxic  substance  which  is  the  cause  of  fatal  poisoning  in 
bees. 

None  of  the  species  of  Penicillium  encountered  attack  healthy  bees 
in  nature.  Mucor  hieiiialis  attacks  bees  under  proper  conditions,  but 
several  other  species  of  Mucor  studied  appear  to  be  harmless. 

Yeasts  were  found  to  be  more  or  less  constantly  present  in  the 
alimentary  canal  of  bees,  although,  except  in  extreme  cases,  bees  are 
normally  unaffected  by  their  presence.  A  number  of  yeasts,  how- 
ever, including  Saccharcnmyces  eTlij>soideus^  S.  cerevisiae^  S.  apicu- 
Jatus^  Mycodervia  eerevisiae^  and  baker's  yeast,  are  pathogenic  when 
introduced  into  the  blood  of  bees.  Yeasts  rarely  if  ever  gain  entrance 
to  the  blood  of  healthy  bees  in  nature;  consequently  they  appear  to 
be  of  little  significance  pathogenically. 

Filamentous  fungi,  differing  from  those  investigated,  have  also 
been  observed  vegetating  in  tissues  of  sick  bees,  but  inoculations 
have  uniformly  given  negative  results. 

The  observations  made  thus  far  tend  to  indicate  that  bees  become 
infected  from  beekeeping  equipment,  dead  bees,  and  molded  combs, 
and  from  molded  fruit  and  other  substances  that  contain  a  high  con- 
centration of  sugar. 

Badly  molded  combs  and  equipment  within  the  hives  of  infected 
colonies  should  be  disinfected  by  being  dipped  or  washed  in  a  20 
per  cent  solution  of  formalin  in  water  or  by  being  exposed  to 
formaldehyde  gas. 
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INTRODUCTION 


The  preserving  of  berries  in  the  Pacific  Northwest  by  the  frozen- 
j)iick  inethod  ^  apparently  began  about  20  years  ago  in  Salem,  Oreg. 
The  industry  is  centralized  in  western  Oregon  and  western  Wash- 
ington, where  tlie  climatic  conditions  are  favorable  for  the  produc- 
tion of  large  yields  of  berries  of  high  quality. 

*  Now  associate  chemist.  Buroau  of  Chemistry  and  Soils. 

'  Acknowledgment  is  made  of  the  valuable  asai.stance  of  the  late  Charles  U.  Stephenson, 
of  the  Food.  Druj;.  and  In.s«'cticid«'  Adnrinistration.  and  of  the  courteous  help  given  by  the 
cannors  and  packers  of  berries  and  by  cold-storage  companies  in  the  Pacific  Northwest 
who  cooperated  to  make  these  investigations  possible.  Of  these,  the  Puyallup  and  Sumner 
Fruit  Growers  Association,  of  Puyallup,  Wash. ;  the  Washington  Berry  Growers,  of 
Sumner,  Wash. ;  the  National  Fruit  Canning  Co.,  of  Seattle,  Wash. ;  the  American  Pack- 
ing Co..  of  Everett,  Wash. ;  and  the  Spc)kane  Street  Terminal  Cold  Storage,  of  the  port 
of  Seattle,  deserve  special  mention.  The  Western  Washington  Experiment  Station  at 
Puyallup  assisted  materially  by  offering  its  laboratory  and  office  facilities  for  the  work. 

'  This  process  is  known  to  the  trade  generally  as  "  cold  pack."  The  term  "  frozen 
pack  "  is  used  In  this  bulletin  as  more  accurately  descriptive  of  the  process  and  because 
of  the  use  of  the  term  "  cold  pack  "  in  the  canning  industry,  where  it  refers  to  a  pack 
made  at  prevailing  air  temperatures. 

603700—30 1  1 
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The  method  used  in  tliis  process  consists  essentially  of  placing  the 
fruit  in  barrels  or  other  containers,  with  or  without  sugar,  and  freez- 
ing and  storing  the  pack  at  relatively  low  temperatures. 

The  quantity  of  fruit  so  handled  has  increased  from  a  few  hundred 
barrels  at  the  beginning  to  about  100.000  barrels  of  50-gallon  capac- 
ity in  1928.  Exact  data  for  the  earlier  years  are  not  available,  but 
estimates  of  the  yearly  strawberry  packs  are  given  in  Table  1. 


Table  1. 


-Estimated  yearly  frozen  pack  of  strawberries  in  the  Pacific  North- 
west, 1918-1928 


Year 

50-gallon 
barrels 

Year 

50-gallon 
barrels 

Year 

50-gallon 
barrels 

1918 

3,000 
5,000 
8,000 
3,000 

1922 

10,000 
15,000 
25,000 
30,000 

1926 

33,000 

1919 

1923 

1927 

54,000 

1920      . 

1924._.- 

1925 

1928 

70,000 

1921 

From  the  data  in  Table  1  it  is  apparent  that  there  has  been  a  very 
rapid  increase  in  the  quantity  of  strawberries  handled  by  this  method. 
To  a  lesser  degree  this  has  also  been  true  of  raspberries  and  Logan 
and  other  blackberries.  The  1926  strawben^y  pack  would  have  been 
larger  if  unfavorable  weather  conditions  had  not  occurred,  and  there 
have  been  occasional  fluctuations  at  other  times  in  the  volume  of  the 
total  pack  in  the  Pacific  Northwest  for  the  same  reason. 

Strawberries  comprise  the  largest  proportion  of  the  pack  and  are 
followed  closely  in  volume,  by  red  raspberries.  The  Marshall  variety 
of  strawberry  is  used  most  commonly,  although  other  varieties  grown 
in  the  Pacific  Northwest  are  packed  to  some  extent.  The  Cuthbert 
red  raspberry  is  used  extensively,  while  the  Antwerp,  Marlboro,  and 
other  so-called  sour  varieties  are  packed  in  relatively  small  quantities, 
sometimes  mixed  with  the  Cuthbert. 

Logan  and  other  blackberries  are  packed  to  some  extent,  and  small 
quantities  of  black  raspberries,  currants,  gooseberries,  and  cherries 
are  also  preserved  by  this  method.  The  Evergreen  and  Logan  varie- 
ties are  used  almost  exclusively  for  the  blackberry  frozen  pack. 

Table  2  presents  data  showing  the  quantities  of  fruit  of  different 
kinds,  type  of  package,  and  kind  of  pack  used  commercially  during 
the  seasons  of  1926  and  1927. 

Under  the  heading  "  Kind  of  pack  "  in  Table  2,  in  the  designations 
3  plus  1  or  2  plus  1  the  first  figure  refers  to  the  proportion  of  fruit 
in  the  pack  by  weight  and  the  second  refers  to  the  proportion  of  cane 
sugar  used.  A  pack  containing  no  sugar  is  generally  referred  to  by 
the  trade  as  a  "  straight  pack.'" 
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Table  2. — Type  of  package,  hind  of  pack,  and  quantities  of  fruit  preserved  ty 
the  frozen-pack  method  in  the  Pacific  Northwest  in  1926  and  1927  * 


Fruit  and  type  of 
container 

Kind  of 
pack 

Number  of 
containers 

Fruit  and  type  of 
container 

Kind  of 
pack 

Number  of 
containers 

1926 

1927 

1926 

1927 

Strawberries: 

50-gallon  barrels... 
Do 

No  sugar.  - 
4  plus  1 

272 

870 

1,900 

1,853 

48,963 

104 

138 

15 

593 

372 

3,262 

1,374 

3,820 

60 

8,400 

17,002 

6,215 

565 

5 

547 

3,367 

88 

38 

26 

75 

127 
477 
3,699 
1,000 
40 
2,200 
6,914 

1,980 
25 
70 

"■"ioo 

78 
. 

164 

Logan  blackberries- 
Continued. 

5-galloncans 

Do 

No  sugar 

96 

Do 

3  plus  1.— 
2plusl— . 
lyi  plus  1 

7fi5 
31, 295 

4  plus  1.... 

300 

Do       

Do 

3  plus  1    . 

418 

Do 

Do 

2  plus  1.... 

3  plus  1.... 

809 

4 

Do    

1  irfus  1 

30-pound  tins 

Other  blackberries: 
50-gallon  barrels. -- 
Do 

210 

30-galloii  barrels.  -  - 
Do 

3  plusl 

No  sugar.. 
4  plusl.... 

3  plus  1.... 
2  plusl.... 
No  sugar. . 
2  plus  1.... 

...do 

No  sugar. . 

4  plus  1 

8,167 

10 

100 

31 

36 

6 

13 

341 

2plusl— . 

...do 

...do 

3  plus  1 

385 
411 
830 

1,543 

10-gallonkegs 

S-gallonkegs 

5-galloncans 

Do 

120 

Do 

78 

Do 

50 

2  plusl.... 
1  plus  1  . 

4,363 

30-gallon  barrels. . . 
Do 

Do 

30-pound  tins 

5  plus  1 

10-gallon  kegs 

5-galloncans 

Do 

Do 

3  plus  1.... 

215 

Red  raspberries: 

50-gallon  barrels- -- 
Do 

No  sugar. . 
5  plus  1 

17,897 

1,752 
765 

Do 

3  plusl.... 
2  plusl..-. 
6  plus  1 

600 

497 

Do    

Do 

4  plus  1 

30-pound  tins 

Do 

600 

Do 

3  plusl.... 
2  plusl.... 
No  sugar 

424 
17,681 

3  plus  1  . 

2,008 

Do 

Black  raspberries: 
50-gallon  barrels- -- 
Do    

No  sugar.. 
2  plus  1.... 
No  sugar. . 

353 
231 

30-gallon  barrels  - 

302 

Do 

2  plusl.... 

-.-do 

--do 

No  sugar.. 

83 
100 

75 

40 

10-gallon  kegs 

5-galloncan8 

Do 

65 

5-gallonkegs 

5-galloncans 

2  plus  1.... 

No  sugar. . 
2  plusl 

328 
20 

131 

Gooseberries: 

50-gallon  barrels- . . 

5-gallon  cans 

Sour  pitted  red  cher- 
ries: 
50-gallon  barrels-.. 
Do 

Do    

4  plusl 

50 

Do 

3  plus  1 

320 

Do 

2  plusl.... 
5  plusl 

884 

3  plus  1.... 

2  plus  1.... 

3  plus  1  ... 

852 
8 

30-pound  tins 

Do 

4  plus  1 

626 

Do 

3  plus  1 

Do 

2  plusl 

5-galloncans 

Currants: 

50-gallon  barrels.  - . 
Do 

87 

L(«an  blackberries: 
50-gallon  barrels. .  - 
Do 

No  sugar. . 
4  plus  1 

4,379 

No  sugar.. 
2  plus  1 

297 

249 
1 

Do 

3  plus  1 

30-gallon  barrels. . . 
Black  pitted  cherries: 
50-gallon  barrels- -- 
Do 

No  sugar.. 

.--do 

2  plus  1. 

3  plusl 

3 

io' 

Do 

2  plusl.... 
1  plus  1  .  . 

173 

Do 

8 

30-gallon  barrels. . . 
Do 

No  sugar.. 
2  plus  1.... 
No  sugar.. 

---^° 

11 

50 

7 

176 

Prunes: 

5-galloncans 

10-gallon  kegs 

5-gallonkegs 

630 

»  These  figures  were  furnished  by  E.  M.  Bums,  secretary  of  the  Northwest  Fruit  Barrelers  Association. 

The  figures  presented  in  Table  2  indicate  an  increase  in  the  use 
of  small  containers  for  frozen-pack  fruit.  This  phase  of  the  industry 
seems  to  offer  promise  for  the  future,  particularly  if  a  retail  market 
is  developed  and  the  consumer  becomes  acquainted  with  the  product 
and  its  possible  uses.  At  present,  however,  the  main  outlet  for 
frozen-pack  fruit  is  still  through  channels  which  prefer  the  larger 
container,  such  as  the  50-gallon  barrel. 

The  data  also  indicate  that  there  is  considerable  fluctuation  in  the 
quantity  of  fruit  packed  and  frozen  each  year  in  50-gallon  barrels. 
This  is  generally  determined  largely  by  crop  and  climatic  conditions 
and  often  by  the  demand  for  berries  in  the  fresh-fruit  market  or  by 
the  canneries. 

Portions  of  the  frozen  product  are  occasionally  held  over  for  one 
or  two  seasons,  pending  suitable  market  conditions  or  demand;  hence 
the  pack  in  any  one  year  does  not  necessarily  constitute  the  entire 
storage  stock  of  frozen-pack  fruit  for  that  year. 


4  TECHNICAL  BULLETIN    14  8,  U.  S.  DEPT.  OF  AGRICULTURE 

The  fruit  preserved  by  the  frozen-pack  method  is  used  very  largely 
in  the  commercial  manufacture  of  preserves,  jams,  and  jellies.  Con- 
siderable quantities  are  employed  in  the  preparation  of  crushed  fruits 
and  fruit  sirup  for  soda-fountain  use  and  in  pie  baking  by  large 
restaurants  and  bakers.  The  manufacture  of  ice  cream  with  fruit 
flavors  also  utilizes  an  appreciable  part  of  the  total  frozen  pack, 
especially  of  strawberries,  and  a  small  quantity  is  used  in  the  prepara- 
tion of  fruit  extracts  and  flavors. 

PREPARATION  AND  HANDLING  OF  FRUIT  FOR  FROZEN  STORAGE 

TYPE  OF  FRUIT  USED  FOR  FROZEN  PACK 

Two  types  of  fruit  are  used  for  the  frozen  pack — that  w^hich  is 
grown  especially  for  barreling  purposes  and  that  which  is  processed 
by  the  frozen-pack  method  because  it  is  not  suitable  for  canning  or 
shipping  or  which,  because  of  market  conditions,  can  not  be  sold 
profitably  in  a  fresh  state. 

Strawberries  of  the  Marshall  variety  are  used  for  frozen  storage  in 
the  Pacific  Northwest  in  larger  quantities  than  any  other  variety, 
for  the  reason  that  this  variety  can  be  grown  there  with  large  yields 
of  fruit  of  exceptional  size  and  quality.  The  Marshall  strawberries 
also  hold  up  better  in  storage  and 'retain  their  color  and  attractive 
appearance  for  a  longer  period  of  time.  Ettersburg  121  is  packed 
to  some  extent  for  use  as  candy  centers. 

For  those  berries  which  are  also  canned  or  shipped  in  the  fresh 
state,  such  as  raspberries  and  Logan  and  other  blackberries,  the 
frozen-pack  method  offers  an  outlet  for  fruit  that  may  be  somewhat 
overripe  and  soft  for  canning  or  fresh  shipment  but  which  is  wholly 
suitable  for  consumption.  Large  quantities  of  berries  have  been 
frozen  in  barrels  during  the  height  of  the  harvest  season  when  can- 
ners  have  been  unable  to  handle  the  fruit  or  when  the  fresh  market 
has  not  been  a  profitable  one. 

A  considerable  portion  of  the  fruit  other  than  strawberries  ulti- 
mately used  in  the  frozen  pack  is  not  delivered  primarily  for  barrel- 
ing but  is^pffered  by  the  grower  for  shipping  or  canning  and  is  later 
diverted  to  the  barreling  plant  if  found  unsuitable  for  these  other 
purposes.  ^^^. 

V  It  is  thus^^^vident  that,  in  the  past,  the  frozen-pack  industry  has 
been  of  great  value  to  the  small-fruit  industry  of  the  Pacific  North- 
west in  providing  an  orderly  and  economical  method  for  marketing 
th^  surplus  production. 

PREPARATION   OF  FRUIT  FOR  PACKING 

In  the  4,?t^i^s  connected  with  the  preparation  and  packing  of  ber- 
ries by  the  frozen-pack  process  there  is  considerable  variation,  de- 
pending on  Ijl^e  packer  and  the  locality.  Only  a  brief  discussion  of 
the  general  types  will  be  given. 

Most  of  the  ^,uijb,  is  hauled  by  the  grower  in  wagons  or  trucks  to 
the  packing  plants,  or  to  assembling  sheds  maintained  by  some 
packers  for  the  temporary  storage  of  berries  intended  for  packing  in 
central  plants  located  elsewhere:  In  the  latter  case,  further  transport 
by  truck,  by  boat,  or  even  by  rait^  is  necessai^  to  bring  the  fruit  to 
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the  place  where  it  is  to  be  packed.  Deliveries  are  made  to  such  plants 
at  rather  definite  hours  in  the  morning  or  evening  by  truckmen  who* 
collect  the  berries  from  the  substations* 

The  berries  are  generally  brought  in  either  early  in  the  morningy- 
in  which  case  they  mav  have  been  picked  during  the  previous  after- 
noon, or  late  in  the  aitemoon  and  evening  after  the  harvest  of  the 
day  is  finished.  A  few  packers  do  the  packing  in  sheds  in  the  field 
(fig.  1),  as  the  fruit  is  delivered  by  the  pickers.  In  one  instance 
the  barreling  crew  mov^d  about  the  fields  to  sheds  located  conven- 
iently for  the  pickers^  wlio  brought  in  the  berries  in  pails.  In  other 
cases  the  berries  are  transported  in  crates  holding  10  to  12  pounds 
of  fruit  in  12  cups,  or  hallocks,  which  are  only  one  layer  deep  in  each 
crate,  or  in  tin  containers  of  about  30  pounds  capacity. 


FiGURK  1. — Hulling  and  packiuj;  strawberries. in  the  field 

Generally  the  berries  unsuitable  for  shipment  ar6  handled  in  the 
shipping  crates,  capable  of  holding  about  20  to  25  pounds  of  fruit 
in  24  cups.  Upon  arrival  at  the  barreling  or  packing  station,  the 
fruit  is  weighed  and  the  crates  are  stacked  until  the  fruit  can  be 
packed,  which  is  generally  within  12  to  18  hours.     (Fig.  2.) 

Strawberries  must  have  the  hulls  removed  before  they  are  ready 
for  grading  and  barreling.  This  is  done  either  at  the  packing  plant, 
before  the  final  inspection  of  the  fruit,  or  in  the  field  by  the  pickers. 
The  latter  seems  to  be  the  most  common  method  at  present,  hecause 
hulling  the  berries  in  the  field  adds  to  the  grower's  revenue  and 
possibly  can  be  done  a  little  more  cheaply  there.  It  also  tends  to 
relieve  the  congestion  which  may  arise  at  the  packing  plants,  if  the 
fruit  has  to  be  hulled  there  before  it  can  be  put  in  barrels.  Con- 
nected with  this  practice,  however,  there  is  considerable  danger  of 
greater  spoilage  and  shrinkage  in  hulled  berries,  esj^ecially  when 
the  temperatures  are  high.  Unless  this  can  be  overcome  by  prompt 
utilization  of  the  fruit  after  picking,  the  hulling  of  the  berries  at 
the  packing  plant  is  to  be  preferred. 
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In  most  cases  the  berries  are  given  some  form  of  inspection  and 
grading  before  they  are  placed  in  barrels.  At  that  time  leaves  and 
other  field  debris  are  removed,  as  well  as  moldy  berries  or  those 
otherwise  unsuited  for  barreling.  Usually  berries  for  barreling 
which  have  previously  been  graded  for  shipping  or  canning  pur- 
poses receive  no  further  inspection. 

The  manner  in  which  the  sorting  is  done  varies  considerably.  In 
some  packing  plants  the  berries  are  dumped  on  a  moving  belt  which 
passes  before  sorters,  who  remove  the  undesirable  fruit,  the  leaves, 
and  the  stems.  In  others  the  sorters  pick  over  the  fruit  as  it  is 
dumped  into  large  pans  holding  generally  between  20  and  25  pounds 
of  fruit,  and  these  in  turn  are  emptied  directly  into  the  barrels. 

The  washing  of  strawberries  before  packing  is  gradually  becoming 
almost  the  universal  practice  in  the  Northwest.     In  some  cases  the 
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Figure  2. — Preparing  strawberries  for  barreling 

sorting  is  done  first,  and  the  fruit  is  then  run  over  spray  washers ;  in 
others  the  fruit  is  sorted  as  it  is  being  washed.  Where  packing  in  the 
field  is  practiced  the  washing  may  be  done  in  tubs,  and  the  berries 
are  sorted  over  at  that  time  or  as  they  are  allowed  to  drain.  How- 
ever, this  method  is  not  so  desirable  as  the  washing  done  with  sprays 
of  fresh  water.  It  is  essential,  of  course,  that  as  little  water  as 
possible  be  carried  into  the  barrel  with  the  fruit,  because  under  the 
food  and  drugs  act  added  water  becomes  an  adulterant  unless  its 
presence  is  indicated  on  the  container. 

The  container  most  commonly  used  for  frozen-pack  berries  in  the 
Pacific  Northwest  is  a  50-gallon  fir  barrel,  paraffin  coated  on  the  in- 
side, the  bung  being  in  the  head  of  the  barrel.  Kelatively  small  quan- 
tities of  fruit  are  also  packed  in  30-gallon  barrels  and  in  10-gallon 
and  5-gallon  kegs.  Considerable  quantities  of  fruit  are  packed  in  5- 
gallon  cans  and  in  30-pound  tins.  There  is  a  distinct  tendency 
toward  a  more  extensive  use  of  the  small  containers,  especially  as 
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a  retail  market  for  frozen-pack  fruit  is  developed.  Five  types  of 
containers  are  shown  in  Fi*;ure  3.  Cardboard  containers  impreg- 
nated with  paraffin  and  friction-top  cans  have  also  been  used. 

Most  of  the  strawberries  are  packed  with  cane  sugar,  and  consider- 
able quantities  of  red  raspberries  are  so  handled,  although  there  is 
a  tendency  to  pack  raspberries  without  sugar.  Logan  and  other 
blackberries  are  packed  very  largely  without  sugar.  Most  of  the 
fruit  preserved  by  the  frozen-pack  method  is  packed  without  any 
preservative  other  than  cane  sugar.  A  very  small  proportion,  how- 
ever, is  prepared  with  benzoate  of  soda,  and  the  fruit  so  packed  is 
generally  in  small  containers  and  is  intended  mainly  for  the  soda- 
fountain  trade.  The  use  of  the  preservative  is  noted  on  the  containers 
as  required  by  the  food  and  drugs  act. 


Figure  3. — Five  types  of  containers  used  for  frozeu-puck  berries 

There  are  several  methods  of  filling  the  barrels.  In  some  cases 
the  fruit  is  dumped  directly  into  the  barrels  from  the  pans  or  other 
containers  used  in  grading  and  sorting.  In  others  the  berries  are 
allowed  to  drop  into  the  barrel  from  the  end  of  a  moving  belt,  while 
in  some  packing  plants  both  methods  are  used.  The  cane  sugar  is 
added  either  at  short  intervals  or  continuously  from  an  overhead 
chute.  In  some  cases  the  berries  and  sugar  are  actually  weighed  into 
the  barrel,  whereas  in  others  they  are  measured  from  containers  hold- 
ing a  known  weight  of  fruit  or  sugar.  The  former  method,  of  course, 
is  the  more  accurate.  Where  grading  belts  are  not  used,  some  packers 
dump  the  berries  on  sloping  tables  or  into  funnellike  chutes,  to 
facilitate  the  examination  of  the  fruit  just  before  it  goes  into  the 
barrels  and  to  fill  the  barrels  more  rapidly  without  danger  of  spilling 
the  berries. 

As  the  barrels  are  being  filled  they  are  usually  shaken  or  jolted  in 
order  to  mix  the  sugar  with  the  berries  and  to  settle  the  fruit  mass  in 
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the  barrel.  Some  packers  use  large  paddles  to  stir  the  fruit  and  sugar 
together,  especially  in  the  filling  of  the  small  containers.  This  lat- 
ter method  is  liable  to  crush  the  berries  more  than  the  shaking  or 
jolting  method  of  settling  the  fruit.  For  this  reason,  and  also  be- 
cause it  is  much  more  difficult  to  keep  the  packing  operation  on  a 
clean  sanitary  basis  when  the  paddles  are  used,  most  packers  do  not 
look  with  favor  on  the  continued  use  of  paddles. 

In  most  packing  plants  shaking  or  rocking  platforms  are  pro- 
vided on  which  the  barrels  are  placed  for  filling.  Such  contrivances 
may  consist  simply  of  a  small  platform  resting  on  an  iron  pipe, 
(fig.  4),  or  on  a  piece  of  2  by  4  inch  lumber.  The  packer  grasps 
the  barrel  at  the  top  and  rocks  it  back  and  forth  with  a  jolting 
motion.  Occasionally  a  piece  of  lumber  nailed  to  the  floor  serves  the 
purpose,  and  the  barrel  is  rocked  from  side  to  side  upon  it.    A  few 

packers  shake  the  bar- 
rel somewhat  as  it 
rests  on  the  weighing 
scales  while  the  fruit 
and  sugar  are  being 
weighed  into  it. 

A  recently  developed 
mechanical  shaker  (fig. 
5)  gives  the  barrel  a 
continuous  vertical 
jolting  throughout  the 
filling  period.  Such 
power-driven  contriv- 
ances are  gradually  re- 
placing most  of  the 
hand-operated  shaking 
platforms,  especially 
in  the  larger  packing 
])lants. 

When  cane  sugar  is 
used  with  the  fruit  the 
barrels  are  filled  almost 
full,  the  total  weight 
of  sugar  and  fruit  gen- 
erally averaging  about  450  pounds.  When  no  sugar  is  used,  more 
vacant  space  is  left  in  the  top  of  the  barrel,  in  order  to  provide  for 
the  expansion  of  the  fruit  mass  during  the  freezing  process,  in  which 
case  about  380  pounds  of  fruit  is  usually  placed  in  each  barrel. 

As  soQn  as  the  barrel  is  filled  it  is  headed,  coopered,  and  the  bung 
driven  in.  The  barrel  is  then  weighed  and  the  head  is  usually 
stenciled  or  marked  with  the  brand  mark,  the  number  of  the  barrel, 
the  type  of  pack  and  variety  of  berry  used,  and  the  gross,  tare,  and 
net  weights  of  the  container. 

The  barrels  are  then  ready  for  transport  to  the  cold-storage  rooms. 
The  time  elapsing  between  packing  and  storage  will  vary  with  the 
location  of  the  packing  plant  in  relation  to  the  cold  storage.  Usually 
the  barrels  are  placed  in  freezing  storage  within  6  to  8  hours  after 
being  filled.  This  period  should  be  made  as  short  as  possible. 
The  general  practice  is  to  allow  a  number  of  filled  barrels  to  accumu- 


FiuuKE  4. — Shaking  or  rocking  platform 
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late  before  any  are  sent  to  cold  storage,  the  barrels  bein<j  held  in 
most  cases  uncler  a  roof  to  shelter  them  from  the  sun  and  to  keep 
them  as  cool  as  possible. 

Transportation  of  the  barrels  to  storage  is  largely  by  autotruck, 
although  in  some  cases  they  are  carried  by  boat  or  rad.  A  few  pack- 
ing plants  are  located  adjacent  to  cold-storage  plants,  and  from 
them  the  barreled  berries  are  stored  with  a  minimum  of  delay. 

After  doliyery  to  the  storage  plant,  the  barrels  of  fruit  are  gen- 
erally rolled  or  trucked  to  freezing  rooms,  where  they  may  be  piled 
two  or  three  high  (fig.  6)  on  the  chimes.  In  some  storage  plants 
pieces  of  lumber,  commonly  called  stripping  or  dunnage,  are  placed 
between  the  tiers  of  barrels  and  between  the  lower  tier  of  barrels  and 
the  floor.     This  hastens  the  cooling  of  the  barrels  and  makes  stack- 
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ing  easier.  In  some  storage  plants  it  is  the  practice  to  freeze  the 
fruit  at  a  low  temperature  and  then  remoye  the  barreled  fruit  to  a 
warmer  room.  In  such  cases  the  barrels  may  be  rolled  into  the 
freezer  and  allowed  to  freeze  as  they  lie. 

The  temperature  maintained  in  the  ayerage  cold  storage  for  freez- 
ing berries  is  generally  from  10°  to  15°  F.,  but  in  many  it  is  kept 
as  low  as  0°.  The  maintenance  of  the  lower  temperature  is  not 
difficult  in  seasons  when  a  moderate  yolume  of  fruit  is  handled  and 
when  the  barrel  deliyeries  are  evenly  distributed  from  day  to  day. 
In  some  seasons,  howeyer,  when  large  volumes  of  warm  fruit  must 
be  handled  within  a  relatively  short  time,  the  refrigeration  capacity 
of  the  storage  plants  in  the  barreling  regions  is  taxed  to  the  limit. 
In  such  cases  it  has  sometimes  been  impossible  to  maintain  the  de- 
sired temperatures  required  for  quick  cooling  and  freezing.  The 
temperatures  of  rooms  heavily  loaded  with  warm  fruit  in  the  past 
have  sometimes  averaged  30°  tor  considerable  periods  of  time,  buch 
a  condition  is  very  undesirable,  however,  and  should  be  avoided. 

60379°— 30 2 


10 


TECH^^ICAL  BULLETIN   14  8,  U.  S.  DEPT.  OF  AGRICULTURE 


After  a  considerable  portion  of  the  berries  have  been  frozen,  the 
fruit  can  be  shipped  long  distances  in  refrigerator  cars  or  in  the  re- 
frigerated holds  of  freight  steamships.  When  shipped  by  rail,  salt 
is  added  in  the  proportion  of  10  to  15  per  cent  by  weight  of  the  ice 
used  in  the  bunkers  of  the  cars,  in  order  to  give  the  low  temperatures 
necessary  to  keep  the  fruit  frozen  during  the  transit  period.  The 
customary  carload  consists  of  120  or  160  barrels  stacked  in  two  tiers. 

OUTLINE  OF  THE  INVESTIGATIONS 

The  purpose  of  the  investigational  work,  begun  in  1924,  was  to 
examine  thoroughly  the  different  phases  of  the  barreling  and  freez- 
ing of  berries  and  to  determine,  if  possible,  the  best  practical  pro- 
cedure for  handling  fruit  by  the  frozen-pack  method. 
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Figure  6. — Cold  storage  for  barreled  berries,  showing  method  of  stacking 

The  investigations  have  dealt  (1)  with  the  rates  of  cooling  of 
barreled  berries  in  different  containers  when  packed  with  and  with- 
out sugar  and  when  exposed  to  various  temperatures;  (2)  with  the 
effect  of  different  sugar  concentrations  upon  the  water  content  and 
texture  of  the  fruit;  (3)  with  the  effects  of  different  methods  of 
handling  the  containers  upon  the  freezing  of  the  fruit  mass  and 
upon  the  sugar  distribution  through  it;  and  (4)  with  the  develop- 
ment of  yeasts  and  molds  and  of  fermentation  in  fruit  packed  with 
or  without  su^ar,  particularly  as  influenced  by  different  temperatures. 

This  bulletin  is  a  report  of  the  investigations  carried  on  in  1924, 
1925,  and  1926.  Studies  dealing  with  other  phases  of  the  frozen- 
pack  industry,  particularly  problems  arising  from  the  more  exten- 
sive use  of  the  small  container,  now  in  progress,  are  to  be  reported 
in  a  later  publication. 
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EXPERIMENTAL  WORK 

DETERMINATION  OF  RATE  OF  COOUNG  AND  FREEZING  OF  FROZEN-PACK  BERRIES 

Knowledge  of  the  rates  of  cooling  of  the  fruit  when  packed  in 
different  containers  and  exposed  to  different  temperature  conditions 
is  of  prime  importance.  iThe  purpose  of  rapidly  cooling  and  freez- 
ing the  berries  is  to  reduce  to  a  minimum  the  respiration  of  the 
fruit  and  the  multiplication  of  yeast  cells;  it  serves  also  to  retard 
the  growth  of  molds.  By  rapid  cooling,  fermentation  and  spoilage 
of  the  fruit  can  be  markedly  reduced  or  entirely  prevented. 

Information  obtained  by  investigators  concerning  the  growth 
rates  of  such  plant  organisms  as  are  commonly  found  in  frozen-pack 
fruit  indicates  that  their  development  is  markedly  reduced  at  tem- 
peratures below  40°  F.,  although  it  does  not  cease  entirely  until 
freezing  actually  occurs.  Hence  under  commercial  conditions  it  is 
desirable  that  the  fruit  temperatures  be  reduced  below  40°  as  soon 
as  possible,  in  order  to  check  fermentative  activity. 

In  the  experimental  w^ork  the  determination  of  the  rates  of  cool- 
ing and  freezing  of  packed  berries  was  made  by  inserting  water- 
proofed resistance  thermometers  into  the  fruit  mass  in  the  contain- 
ers. This  w^as  done  after  the  containers  were  filled,  headed,  and 
placed  in  cold-storage  rooms,  the  leads  to  the  resistance  thermometers 
passing  out  of  the  containers  either  through  the  bung  in  the  barrels 
or  through  other  openings.  The  temperatures  in  different  positions 
in  the  containers  could  thus  be  read  at  any  time  without  disturbing 
the  contents. 

When  barrels  were  used,  the  resistance  thermometers  were  usually 
placed  in  three  positions:  (1)  4  to  6  inches  from  the  bottom  of  the 
barrel,  (2)  4  to  6  inches  from  the  side  of  the  barrel,  midway  be- 
tween the  top  and  the  bottom,  and  (3)  at  the  center  of  the  barrel. 
In  some  instances  temperature  readings  were  also  taken  4  to  6  inches 
below  the  top  of  the  fruit  mass.  All  readings  were  made  while  the 
barrels  were  standing  on  end.  With  smaller  containers  the  tempera- 
tures were  determined  only  at  the  center  of  the  fruit  mass. 

Figure  7  shows  graphically  the  rates  of  cooling  in  four  different 
positions  in  a  50-gallon  barrel  of  Marshall  strawberries  packed  with 
cane  sugar  (2  plus  1  pack)  and  held  at  an  average  temperature  of 
approximately  14°  F.  It  is  apparent  that  the  cooling  was  most  rapid 
at  the  top  and  sides  of  the  barrel,  and  slowevSt,  as  might  be  expected, 
at  the  center.  At  that  location  about  9  hours  elapsed  before  there 
was  any  appreciable  cooling.  After  the  cooling  began  it  progressed 
at  a  fairly  steady  rate  until  a  temperature  near  30°  was  reached. 
The  fruit  was  relatively  cool  when  packed,  the  temperature  being 
about  60°.  At  the  end  of  24  hours  the  temperature  at  the  center  in 
this  barrel  was  about  53°,  and  after  48  hours,  42°.  At  the  end  of 
three  days  it  had  reached  34°.  It  is  apparent,  therefore,  that  even 
under  very  favorable  cooling  conditions  a  period  of  two  or  three 
days  will  elapse  before  the  fruit  in  the  center  of  the  barrel  is  suffi- 
ciently cooled  to  stop  the  fermentation  process. 

During  the  first  two  or  three  days  the  fruit  at  the  sides  and  top  of 
the  barrel  cooled  much  faster  than  did  that  at  the  center,  the  tempera- 
tures in  the  latter  position  averaging  approximately  10°  higher  than 
those  at  the  top  and  sides  of  the  barrel.    A  period  of  approximately 
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24  hours  longer  was  required  to  cool  the  center  of  the  barrel  to 
40°  F.  than  to  cool  the  sides  to  this  temperature.  After  the  fruit 
had  cooled  to  th6  point  where  freezing  began,  however,  there  was  no 
marked  difference  in  temperature  in  different  positions  in  the  barrel, 
t  he  center  being  at  this  time  about  as  cold  as  the  top  and  sides.  At  the 
end  of  this  test,  after  six  and  one-half  days,  the  fruit  in  the  bottom 
of  the  barrel  had  the  lowest  temperature,  while  that  at  the  top  had 
the  highest,  about  27°.  The  reason  for  this  difference  is  probably 
that  the  freezing  process  increases  the  concentration  of  the  sirup  in 
the  barrel,  the  increase  not  being  the  same  in  all  parts  of  the  barrel. 
The  fruit  mass  in  the  bottom  of  the  barrel  had  the  lowest  freezing 
point,  owing  to  an  accumulation  there  of  the  heavy  sugar  solution. 
The  fruit  sirup  on  the  top  of  the  barrel,  being  the  least  concentrated, 
had  the  highest  freezing  point.  Intermediate  readings  were  obtained 
for  the  center  and  side  positions. 

Figures  8  and  9  show  the  rates  of  cooling  of  the  fruit  at  the  centers 
of  barrels  of  Marshall  strawberries  and  Cuthbert  raspberries,  re- 


X^'iGURK  7. — Hate  of  cooling, at  the  center,  side,  l>ottom.  and  top  of  a  50-gallon  barrel 
of  1'  plus   1  paCk  Marshall  strawberries  held  at  about  14°   F. 

spectively,  packed  ivith  cane  sugar  (2  plus  1  pack)  when  held  in 
storage  at  30°,  15"^,  and  0°  F.  The  data  indicate  that  a  period  ap- 
pro3gnia;tely  twice  as  long  is  required  to  cool  the  center  of  a  barrel 
in  sf^orage  at  30°  as  is  required  at  0°.  The  rate  of  cooling  at  15°  is 
intermediate.  At  30°,  3%  days  were  required  to  reduce  the  tem- 
perature at  the  center  of  the  barrel  to  40°  and  about  5i/2  days  to  bring 
it  to  32°.  Even  at  40°  fermentation  and  respiration  are  not  entirely 
stepped,  so  it  is  apparent  that  if  the  fruit  is  held  at  30°  a  period  of 
several  days  will  elapse  during  which  fermentation  may  occur.  At 
0°  F.  a  temperature  of  40°  at  the  center  of  the  barrel  was  reached 
after  ly^  days ;  at  15°  this  temperature  was  reached  in  about  2  days, 
while  32°  was  obtained  in  a  little  more  than  3  days. 

The  temperature  curves  in  Figure  9  are  similar  to  those  shown  in 
Figure  8.  The  fruit,  particularly  in  the  barrel  stored  at  30°  F., 
was  somewhat  cooler  when  packed  than  that  used  in  the  tests  shown 
in  Figure  8.  The  center  of  the  barrel  held  at  0°  reached  this  tem- 
perature after  2  days. 

Figure  10  shows  graphically  the  rate  of  cooling  of  Logan  blackber- 
-ries  packed  without  sugar  when  held  at  0°  and  at  15°  F.     Under  the 
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conditions  of  this  test  the  cooling  at  0°  was  only  slightly  faster  than 
that  at  15°.  The  temperature  of  the  fruit  was  about  70°  when 
packed  and  was  reduced  to  40°  at  the  center  of  the  barrel  in  less  than 
two  days  when  placed  in  storage  at  0°,  and  in  slightly  more  than 
two  days  in  storage  at  15°. 

There  was  no  marked  difference  in  the  rates  of  cooling  obtained 
for  strawberries,  raspberries,  and  Logan  blackberries  packed  in  bar- 
rels when  held  under  similar  conditions. 
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FiGURB   8.— •Rate  of  cooling  at   the  centers  of  SO-gallon   barrels   of  2   plus   1   pack 
Marshall  strawberries  held  at  about  0°,  15°,  and  30"  F. 

The  temperature  curves  in  Figures  8,  9,  and  10  emphasize  again 
the  fact  that  after  placing  the  barrels  in  cold  storage  considerable 
time  elapses  before  there  is  appreciable  cooling  in  the  fruit  mass 
at  the  center.  Usually  there  is  practically  no  cooling  during  the 
first  12  hours,  and  often  there  is  a  slight  rise  in  temperature  for  a 
few  hours,  probably  due  to  the  heat  produced  by  the  respiration  of 
the  fruit. 
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FiGURB  9. — Rate  of  cooling  at  the  ceoiters  of  50-gallon  barrels  of  2  plus   1    i)ack 
Cuthbert  raspberries  held  at  about  0°,  15°,  and  30°  F. 

EFFECT  OF  ICE  ON  RATE  OF  COOUNG  BARRELED  FRUIT 

As  shown  in  Figure  7,  the  center  of  the  barrel  cools  considerably 
more  slowly  than  the  sides,  bottom,  and  top.  Consequently,  when 
there  is  fermentation  and  spoilage  it  is  most  likely  to  be  found  at 
the  center.  It  would  seem  that  a  method  of  cooling  the  fruit  at  the 
center  of  the  barrel  more  quickly  would  do  nmch  to  minimize  the 
hazard  of  fermentation  and  siK)ilage.  This  is  particularly  important 
in  the  case  of  berries  packed  .>v4thout  sugar  and  which  lack  the  pre- 
servative action  of  sugar  while  the  fruit  is  above  40°  F.  It  was  there- 
fore planned  to  determine  what  effect  a  small  quantity  of  ice  placed 
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in  the  center  of  the  barrel  would  have  on  the  temperatures  prevailing 
in  different  portions  of  the  berry  mass.  Temperatures  obtained  in 
two  barrels  of  Cuthbert  raspberries,  one  packed  with  5  pounds  of  ice 
in  the  center  of  the  barrel  and  the  other  without  ice,  are  shown  in 
Figure  11.  Comparison  of  the  temperatures  prevailing  at  the  centers 
of  the  two  barrels  shows  that  the  ice  reduced  the  temperature  at  the 
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FiGUBB  10. — Rate  of  cooling  at   the   centers  of  50-ffa.llon   barrels  of  I*>gan.  black- 
berries, packed  without  sugar  and  held  at  about  0°  and  15°  F'. 

center  from  65°  to  about  47°  by  the  time  the  first  readings  were 
taken.  The  fruit  at  the  center  oi  the  barrel  packed  with  ice  reached 
a  temperature  of  40°  in  one  and  one-half  days,  while  that  at  the 
center  of  the  barrel  packed  without  ice  required  more  than  two  and 
one-half  days  to  reach  the  same  temperature.     Thus  it  is  apparent 


Figure  11, — Rate  of  cooling  at  the  centers,  bottoms,  and  sides  of  50-gallon  barrels 
of  Cuthbert  raspberries,  packed  without  sugar  and  with  or  without  a  5-pound 
paece  of  ice  at  the  center  of  the  barrel,  held  at  about  19°  F. 

that  the  ice  had  a  marked  effect  on  the  rate  of  cooling  of  the  fruit  at 
the  center  of  the  barrel. 

Along  the  sides  of  the  barrel  there  was  also  a  noticeable  influence 
of  the  ice  on  the  rate  of  cooling.  The  temperature  at  this  location 
in  the  barrel  \i^hich  was  packed  with  ice  reached  40°  within  24  hours, 
whereas  more  than  two  days  were  required  in  the  same  location  in 
the  barrel  packed  without  ice.    There  was  not  so  much  difference  in 
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the  rate  of  cooling  the  bottoms  of  the  barrels,  although  the  one  packed 
with  ice  had  a  slightly  lower  temperature  there. 

From  the  foregoing  it  is  apparent  that  ice  at  the  center  of  the 
fruit  mass  will  accelerate  the  rate  of  cooling  of  the  berries  in  that 
portion.of  the  barrel.  The  use  of  ice,  however,  means  that  storage 
and  transportation  charges  must  be  paid  on  water,  and  the  presence 
of  ice  must  be  marked  on  the  head  of  the  barrel  to  conform  to  the 
requirements  of  the  food  and  drugs  act.  With  sound  fruit  and  with 
satisfactory  storage  conditions  the  use  of  ice  is  not  necessary.  Under 
conditions  where  there  is  probability  of  spoilage,  however,  the  use  of 
ice  in  tlie  container  may  prove  of  value  in  rapidly  lowering  the  tem- 
perature at  the  center  of  the  barrel.  Precooling  the  berries  before 
packing  will,  of  course,  materially  improve  temperature  conditions 
in  the  container  before  freezing  storage  begins. 


Figure  12. — Rate  of  cooling  at  the  centers,  bottoms,  and  sides  of  50-gallon  barrels 
of  precooled  and  nouprecooled  Cuthbert  raspberries,  paclied  without  sugar  and 
held  at  about  30°   F. 


EFFECT    OF    PRECOOLING    BERRIES    ON    TEMPERATURES    PREVAILING    IN    THE 

BARRELS 

In  order  to  determine  the  value  of  cooling  the  fruit  before  placing 
it  in  the  barrel,  a  test  was  conducted  in  which  berries  were  used  that 
were  thoroughly  cooled  before  being  barreled.  The  field  crates  con- 
taining the  fruit  (Cuthbert  raspberries)  were  placed  in  a  cold-storage 
room  held  at  from  32^^  to  34°  F.  for  about  18  hours.  The  berries 
were  then  hauled  to  the  packing  plant,  placed  in  the  barrels,  and  re- 
turned to  the  storage  plant,  about  two  hours  being  required  for  the 
whole  operation.  A  comparable  lot  of  fruit  was  held  at  the  packing 
plant  and  was  placed  in  the  barrel  without  being  cooled. 

The  temperature  prevailing  in  the  fruit  in  different  parts  of  these 
barrels  are  shown  graphically  in  Figure  12.  The  temperatures  in 
the  barrel  filled  with  precooled  berries  were  from  36°  to  42°  F.  at 
the  time  the  barrel  was  returned  to  the  cold-storage  plant.  Both 
barrels  were  held  at  30°,  a  relatively  high  temperature.  Within  10 
hours  the  temperature  in  all  parts  of  the  barrel  of  precooled  berries 
was  below  40°.  There  were  only  slight  differences  in  temperature  in 
the  different  portions  of  the  barrel,  although  the  fruit  near  the  side 
of  the  barrel  cooled  slightly  faster  than  that  at  the  center.    In  the 
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barrel  filled  with  nonprecooled  berries  the  temperature  of  the  fruit 
was  between  65°  and  70°  when  the  barrel  was  filled,  and  it  averaged 
above  60°  at  the  end  of  24  hours.  Almost  four  days  were  required  for 
the  temperature  at  the  center  of  this  barrel  to  reach  40°. 

This  test  demonstrated  that  cooled  fruit  can  be  removed  from  stor- 
age, placed  in  the  barrels,  and  returned  to  storage  without  a  marked 
rise  in  the  temperature  of  the  fruit.  Such  a  method  is  ideal  from 
the  standpoint  of  handling,  in  preserving  high  quality  in  the  fruit, 
and  in  reducing  fermentation  and  spoilage  to  a  minimum.  At  present, 
f aciliti-es  for  cooling  the  fruit  prior  to  barreling  are,  in  most  cases,  not 
available.  When  the  fruit  is  sound  and  suitable  storage  conditions 
are  available,  very  satisfactory  results  can  be  obtained  by  packing 
the  fruit  without  precooling  and  then  placing  it  in  freezing  storage, 
though  precooling  where  feasible  is  more  satisfactory. 


Figure  13, — Rate  of  cooling  at  the  centers  of  SO-gallon  barrels  of  precooled   and 
nonprecooled  2  plus  1  pack  Marshall  strawberries  held,  at  about  15°   F. 

Figure  13  shows  graphically  the  temperatures  prevailing  at  the 
centers  of  barrels  of  precooled  and  nonprecooled  Marshall  straw- 
berries packed  with  cane  sugar  (2  plus  1  pack)  and  held  at  15°  F. 
The  temperature  curves  shown  in  Figure  13  again  indicate  that  with 
the  precooled  fruit  the  temperature  did  not  rise  above  40°.  About 
two  and  one-half  days  were  required  to  cool  the  center  of  the  barrel 
of  nonprecooled  fruit  to  the  temperature  prevailing  in  the  barrel  of 
precooled  fruit  when  the  latter  was  placed  in  storage. 

RATE    OF   COOLING   OF   FROZEN-PACK   BERRIES   IN   DIFFERENT    CONTAINERS 


In  order  to  determine  the  relative  rates  of  cooling  in  the  various 
commercial  containers  used  for  packing  and  freezing  berries  a  series 
of  tests  was  made,  using  30-gallon  barrels,  10-gallon  or  90-pound 
kegs,  5-gallon  or  45-pound  kegs,  and  5-gallon  or  45-pound  rectangu- 
lar cans.  These  containers  were  filled  with  Cuthbert  raspberries 
packed  with  sugar  (2  plus  1  pack  in  all  cases)  and  were  held  in 
storage  at  0°,  15°,  and  30°  F.  The  temperatures  obtained  at  the 
centers  of  these  containers,  as  well  as  the  prevailing  room  tempera- 
tures, are  shown  graphically  in  Figure  14. 


FROZEN-PACK   METHOD   OF   PRESERVING   BERRIES 


17 


From  a  study  of  the  temperature  curves  shown  in  Figure  14  it  is 
apparent  that  fruit  packed  in  small  containers  cools  more  rapidly 
than  that  packed  in  barrels.  For  example,  in  the  15°  F.  storage 
room  the  temperature  in  the  center  of  a  30-gallon  barrel  was  reduced 
below  40°  in  slightly  less  than  II/2  days.  A  similar  temperature  was 
reached  in  about  20  hours  in  the  90-pound  keg,  in  about  12  hours 
in  the  45-pound  keg,  and  in  about  10  hours  in  the  45-pound  can. 

Although  the  rates  of  cooling  were  slower  in  the  30°  F.  room,  the 
relation  of  the  temperature  curves  for  different  containers  is  the 
same.  Similar  results  were  also  obtained  at  0°.  In  all  cases  the 
fruit  packed  in  the  45-pound  or  5-gallon  can  cooled  most  rapidly. 
The  more  rapid  cooling  of  the  berries  in  the  rectangular  can  than 
in  the  wooden  keg  holding  a  similar  quantity  of  fruit  was  due  appar- 
ently to  the  more  rapid  heat  transfer  through  the  metal  w^alls  of  the 


can. 


FiGUBE  14. — Rate  of  cooling  at  the  centers  of  different  containers  of  2  plus  1  pack 
Cuthbert  i-aspberrles  held  at  about  0"*,  15°,  and  30°  F. 

There  is  no  question  that  the  use  of  smaller  containers  results  in 
more  rapid  cooling  and  freezing  of  the  frozen-pack  fruit.  Obvi- 
ously this  is  very  desirable  and  results  in  minimum  danger  of  fer- 
mentation and  spoilage  and  in  higher  quality  in  the  packed  fruit. 

INFLUENCE  OF  SUGAR  CONCENTRATION  IN  FROZEN-PACK  FRUIT  ON  RATE  OF 

COOLING 

The  opinion  has  been  prevalent  in  the  trade  that  berries  packed 
without  sugar  cool  more  rapidly  and  freeze  more  readily  than  those 
packed  with  cane  sugar.  It  has  also  been  claimed  that  berries  packed 
with  equal  parts  of  cane  sugar  and  fruit  cool  more  slowly  than  those 
packed  with  2  or  3  parts  of  fruit  to  1  part  of  sugar.  To  determine 
the  influence  of  the  proportion  of  sugar  on  the  rate  of  cooling, 
barrels  of  Marshall  strawberries  packed  1  plus  1,  2  plus  1,  and  3  plus 
1  were  stored  at  0°  and  30°  F.,  and  the  rates  of  cooling  at  the  cen- 
ters of  the  different  barrels  were  determined.  The  results  of  this 
test  are  shown  graphically  in  Figure  15.  It  is  apparent  that  at  both 
temperatures  the  1  pjus  1  pack  cooled  most  rapidly,  whereas  on  the 
average  the  2  plus  1  pack  cooled  slightly  faster  than  the  3  plus  1 

60370»— 30 3 
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pack.  A  study  of  the  rates  of  cooling  in  other  tests  indicates  that 
fruit  packed  with  cane  sugar  cools  somewhat  faster  than  that  packed 
without  sugar. 

The  higher  the  proportion  of  sugar  used,  the  less  the  weight  of 
berries  in  the  barrel.  The  berry  tissue  consists  largely  of  water, 
which  cools  much  more  slowly  than  an  equal  weight  of  sugar ;  conse- 
quently, both  from  a  theoretical  standpoint  and  in  actuaJL  tests,  the 
packs  containing  the  most  sugar  cool  the  most  rapidly.  Fruit  packed 
with  cane  sugar  freezes  at  considerably  lower  temperatures  than 
fruit  packed  without  sugar,  however,  and  this  probably  accounts  for 
the  opinion  that  the  latter  cools  and  freezes  more  easily. 

DISTRraUTION  OF  SUGAR  IN  FROZEN-PACK  BERRIES 

At  the  present  time  practically  all  of  the  strawberries  and  about 
half  of  the  raspberries  packed  in  the  Pacific  Northwest  for  freezing 
storage  are  put  up  with  cane  sugar,  mainly  in  the  proportion  of  2 
parts  of  fruit  to  1  part  of  sugar  by  weight.  The  use  of  cane  sugar 
in  sufficient  quantities  retards  the  development  of  yeasts  and  mojds, 
even  at  relatively  high  temperatures,  and  reduces  the  danger  of  fer- 


FiGDBB  15. — Rate  of  cooling  at  the  centers  of  50-gallon  barrels  of  Marshall  straw- 
berries, packed  in  1  plus  1,  2  plus  1,  and  3  plus  1  packs  and  held  at  about 
0°  and  30'  F. 

mentation.  It  also  preserves  the  color  of  strawberries  and  to  some 
extent  preserves  the  flavor  and  the  aroma  of  the  berries.  The  texture 
of  strawberries,  at  least  for  preserving  purposes,  may  be  considerably 
improved  by  frozen  storage.  The  use  of  sugar  increases  the  cost  of 
handling,  however,  since  a  smaller  quantity  of  berries  can  be  packed 
per  barrel,  and  freight  and  storage  charges  must  be  paid  on  sugar 
as  well  as  on  fruit.  For  some  purposes  it  would  be  more  desirable 
for  the  preserver  or  other  manufacturer  to  add  sugar  as  he  uses  the 
fruit.  As  the  market  for  frozen-pack  fruit  in  small  containers  is 
developed  it  is  possible  that  the  housewife  or  the  restaurant  operator 
would  prefer  to  add  all,  or  at  least  a  major  portion,  of  the  sugar  as 
the  fruit  is  used;  consequently,  it  is  desirable  to  use  the  minimum 
quantity  that  will  satisfactorily  preserve  the  color,  flavor,  and  qual- 
ity. Cane  sugar  is  not  extensively  used  for  Logan  and  other  black- 
berries. Their  color  holds  satisfactorily  without  it,  although  the 
flavor  is  improved  if  sugar  is  added. 
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When  the  cane  sugar  is  added  to  the  berries,  water  is  drawn  from 
the  fruit  tissue  by  osmosis,  the  water  passing  out  through  the  skin 
of  the  fruit.  The  sugar  dissolves  in  this  water,  forming  a  concen- 
trated sirup  which  gradually  settles  by  gravity  to  the  bottom  of  the 
container,  the  rate  of  movement  being  slower  the  lower  the  tem- 
perature at  which  the  packed  fruit  is  held. 

The  berries  shrink  considerably,  the  degree  of  shrinkage  depending 
on  the  sugar  concentration  in  the  sirup,  on  the  variety,  and  to  some 
extent  on  the  length  of  the  storage  period.  After  several  days  a 
mass  of  somewhat  shrunken  partly  frozen  berries  will  usually  be 
floating  in  the  sirup.  At  the  bottom  of  the  barrel  there  will  be  a 
concentrated  sirup  practically  free  from  berries. 

Samples  of  the  sirup  or  juice  present  at  the  tops  and  bottoms  of 
the  barrels  were  taken  in  order  to  obtain  information  on  the  distri- 
bution of  the  sugar  in  barreled  fruit.  A  screened  tube  was  inserted 
into  the  barrels,  either  at  the  top  of  the  fruit  mass  or  toward  the 
bottom  of  the  barrel,  and  a  sample  of  the  sirup  was  drawn  up  by 
suction.    The  temj>erature  of  the  sirup  was  allowed  to  come  to  ap- 

Sroximately  60°   F.,  and  the  concentration  was  determined  by  a 
ailing  saccharometer. 

The  results  of  some  preliminary  tests  on  the  distribution  of  sugar 
in  frozen-pack  berries  are  shown  in  Table  3.  Barrels  numbered  1 
to  10  were  prepared  by  adding  berries  and  sugar  alternately  in  quan- 
tities of  approximately  20  pounds  of  berries  and  10  pounds  of  sugar. 
The  barrels  were  shaken  by  hand  on  a  simple  shaking  platform  and 
were  rolled  to  the  storage  plant,  this  practice  involving  some  further 
mixing  of  the  sugar  and  berries.  Several  days  elapsed  before  the 
sugar  determinations  were  made.  Barrels  marked  11  to  14,  inclusive, 
were  from  a  commercially  packed  lot  of  fruit.  The  packer  used  the 
paddle  method  of  mixing  the  sugar  and  fruit,  which  were  added  to 
the  barrel  in  accurately  weighed  quantities.  The  barrels  marked  15 
to  18  were  filled  by  a  second  commercial  packer  who  measured  por- 
tions of  fruit  and  sugar  and  used  the  shaking  method  of  mixing  and 
settling  the  contents.  The  sugar  analyses  for  the  fruit  in  barrels 
marked  11  to  14  were  taken  one  week  after  the  containers  had  been 
placed  in  storage ;  those  for  the  fruit  in  barrels  marked  15  to  18  were 
taken  after  11  days  in  storage. 

Table  3. — Cotwentration  of  sirup  in  harrels  of  Marshall  strawberries 

[Miscellaneous  commercial  packs  sampled  in  storage  at  15"  F.l 


Barrel  No. 

Kind  of  pack 

Saccharometer  read- 
ings at  60°  F.  of 
sirup  from— 

Barrel  No. 

Kind  of  pack 

Saccharometer  read- 
ings at  60°  F.  of 
sirup  from— 

Top  of 
barrel 

Bottom 
of  barrel 

Top  of 
barrel 

Bottom 
of  barrel 

1 

2  plus  1       

30 

30 

31.5 

26 

2&5 

34.5 

3a6 

31 

29.6 

56.5 

49 

4a  5 

44.5 

44.0 

49.0 

47.6 

50 

38 

10 

1  plus  1 

34 

32.5 

32 

33.5 

39.0 

33.5 

36.0 

28.5 

44.0 

58  5 

2 

do 

do 

do 

do 

do 

11 

2  plus  1 

49.0 

8 

4 

6 

6 

12 

13 

14 

15 

do 

do 

do 

..do         

52.0 
52.5 
49.0 
58 

7 

8 

9 

do 

do 

3plasl 

16 

17 

18 

do 

do 

do 

56 
68 
55 
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It  is  apparent  from  the  results  reported  in  Table  3  that  the  sirup 
concentration  at  the  bottom  of  the  barrels  is  considerably  higher  than 
at  the  top.  This  is  particularly  true  with  the  commercially  packed 
fruit  which  had  stood  for  some  time  before  the  samples  were  taken. 

Another  series  of  tests  was  made  with  sirup  from  the  bottom  of 
barrels  of  3  plus  1  pack  Cuthbert  raspberries,  all  packed  at  one 
barreling  plant.  Samples  of  the  sirup  were  taken  after  the  fruit 
had  been  in  storage  at  15°  F.  from  1  to  22  days.  The  sirup  concen- 
tration at  the  end  of  9  days  was  46°  to  47°  Balling;  at  the  end  of 
14  days,  47°  to  48°  Balling;  and  after  22  days,  51°  to  55°  Balling. 
After  1  day  the  concentration  was  practically  the  same  as  after  9 
days.  This  fact  indicates  that  a  relatively  high  cane-sugar  concentra- 
tion in  the  bottom  of  the  container  exists  soon  after  packing — as 
soon  as  the  sugar  and  water  from  the  fruit  mix.  There  is,  however, 
a  slight  increase  in  concentration  as  increasing  quantities  of  water 
are  changed  to  ice. 

In  order  to  determine  the  effect  of  different  proportions  of  cane 
sugar  and  different  storage  temperatures  on  the  concentration  of 
sirup  found  in  the  tops  and  bottoms  of  the  barrels,  Marshall  straw- 
berries and  Cuthbert  raspberries  packed  in  the  proportions  of  1  plus 
1,  2  plus  1,  and  3  plus  1  were  held  in  storage  at  temperatures  of  0°, 
15°,  and  30°  F.  Table  4  presents  readings  of  the  sirup  concentration 
of  samples  taken  from  the  top  and  bottom  portions  of  the  barrels 
after  they  had  been  held  in  storage  for  one  week. 

Table  4. — Effect  of  storage  temperatures  and  quwntiti/  of  cane  sugar  on  sirup 
concentration  in  frozen-pack  herries 


Kind  of  pack 

Storage 
temper- 
ature 

Saccharometerread 
iiigsat60°F.  from— 

Top  of 
barrel 

Bottom 
of  barrel 

op 

f             0 
15 
30 
0 
15 
30 
30 
0 
15 
30 

61 

Iplusl 

41 
35 

57 

57 
59 

2  plus  1 — 

27 
23 
20 

65 

59 
67 
54 

3  plus  1 

20 
17 

65 

55 

There  was  relatively  only  a  slight  variation  in  the  concentration 
of  the  sirup  at  the  bottoms  of  the  barrels,  depending  upon  whether 
1  plus  1,  2  plus  1,  or  3  plus  1  sugar  packs  had  been  used.  There  was 
somewhat  more  variation  in  the  cane-sugar  concentration  in  the  top 
of  the  barrel,  this  being  approximately  twice  as  high  in  the  1  plus  1 
pack  as  in  the  3  plus  1  pack.  The  sirup  in  the  bottoms  of  the  barrels 
in  all  cases  was  apparently  very  nearly  a  saturated  solution  at  the 
prevailing  temperatures. 

The  foregoing  tests  demonstrated  that  there  is  considerable  fluc- 
tuation in  the  concentration  of  sirup  in  different  portions  of  the  bar- 
rels under  commercial  handling  conditions.  Tests  were  made  to  de- 
termine the  possibility  of  obtaining  a  more  uniform  mixture  of 
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sirup  through  the  fruit  by  reversing  the  position  of  the  barrels  dur- 
ing storage  or  by  altering  the  methods  of  filling  the  containers. 

A  number  of  barrels  of  Marshall  strawberries  packed  in  a  2  plus  1 
mixture  were  placed  in  storage  at  from  15°  to  20°  F.  Two  barrels 
were  stored  with  the  bung  end  up  and  two  others  with  the  bung  end 
down  for  60  hours  and  then  reversed.  There  w^as  no  significant  dif- 
ference in  sirup  concentration  in  the  fruit  mass  in  the  tops  and  bot- 
toms of  these  barrels.  From  a  fifth  barrel  the  contents  were  re- 
moved and  packed  into  another  barrel  after  a  short  period  in  storage. 
Wlien  tested  about  two  days  later  the  sirup  concentration  in  this 
barrel  was  very  uniform,  the  reading  at  the  top  bein^  40  per  cent 
and  at  the  bottom  40.5  per  cent. 

Another  experiment  with  barrels  of  3  plus  1  pack  Marshall  straw- 
berries was  conducted  in  which  the  filling  of  the  containers  was 
done  with  and  without  shaking.  The  filled  containers  were  stored 
both  with  bung  end  up  and  bung  end  down.  After  two  weeJre  in 
storage  these  barrels  showed  a  sugar  concentration  of  50  to  58  per 
cent  at  the  bottom,  the  fruit  mass  at  the  top  being  at  that  time  hard 
frozen.  There  was  no  apparent  correlation  between  the  method  of 
handling  the  barrels  and  the  sirup  concentration  in  the  frtiit  mass  in 
the  top  and  bottom  of  the  container. 

While  it  apparently  was  not  possible  to  obtain  a  uniform  distribu- 
tion of  sirup  in  the  barrel,  either  by  varying  the  methods  of  adding 
the  cane  sugar  to  the  fruit  or  by  changing  the  position  of  the  barrels 
in  storage,  such  treatments  had  some  effect  on  the  appearance  and 
character  of  freezing  of  the  berries.  It  has  been  observed  also  that 
the  mechanical  jolting  method  of  settling  the  fruit  is  preferable  to 
the  hand-shalcing  method  because  it  does  not  shake  so  much  undis- 
solved sugar  to  the  bottom  of  the  barrel,  where  it  is  of  little  value 
in  preserving  the  fruit. 

DISTRIBUTION    OF   FREEZING   IN    FROZEN-PACK   BERRIES 

Freezing  in  the  barrels  of  berries  and  sirup  invariably  begins  in 
the  fruit  mass  at  the  top  of  the  barrel.  A  layer  of  ice  and  frozen 
berries  gradually  forms  across  the  top  of  the  barrel,  followed  by 
freezing  down  the  sides  of  the  container.  This  apparently  is  due 
to  the  lower  sirup  concentration  at  the  top  of  the  barrel  and  conse- 
quently to  the  higher  freezing  point  of  the  fruit  mass  in  that  location. 
In  frozen-pack  fruit  practically  no  ice  formation  occurs  in  the  bot- 
toms of  the  barrels  except  after  long  storage  at  low  temperatures. 
Even  then,  with  the  relatively  high  sirup  concentrations  existing, 
the  frozen  mass  has  a  slushy  consistency.  When  the  sirup  is  more 
dilute  the  fruit  mass  after  freezing  becomes  hard  and  crystalline. 

Table  5  shows  the  data  for  both  sirup  distribution  and  for  the  char- 
acter of  freezing  in  barrels  of  Cuthbert  raspberries,  packed  with 
sugar  and  held  in  storage  at  15°  and  18°  F.  Some  of  these  barrels 
were  filled  by  adding  sugar  and  berries  and  shaking  the  mixture, 
and  others  were  filled  without  shaking.  In  some,  all  of  the  sugar 
was  scattered  through  the  fruit  in  the  upper  halves  of  the  barrels, 
these  being  shaken  during  the  filling  process. 
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While  the  results  of  these  treatments  are  not  clear  cut,  it  is  evi- 
dent that  the  barrels  which  are  shaken  by  hand  as  the  cane  sugar 
is  mixed  throughout  the  fruit  mass  and  which  are  stored  upright 
as  they  are  packed  usually  exhibit  a  rather  rough,  lumpy,  and  hard- 
frozen  condition  in  the  top  of  the  fruit  mass.  The  character  of  this 
hard  freezing  will  of  course  be  determined  largely  by  the  freezing 
temperatures  and  their  duration,  together  with  the  sugar  concentra- 
tion in  the  top  of  the  fruit  mass.  Cane  sugar  often  sifts  down 
through  the  fruit  in  an  undissolved  condition  when  the  barrel  is 
shaken  and  may  be  found  at  the  bottom  of  the  barrel,  especially  in 
the  1  plus  1  packs.  From  the  standpoint  of  obtaining  the  maximum 
preservative  action  of  the  sugar  in  the  top  of  the  fruit  mass  and 
of  improving  the  appearance  of  the  frozen  product  and  its  flavor 
and  color,  the  proper  mixing  of  sugar  througnout  the  fruit  mass  is 
of  importance.     The  experiments  indicated  that  the  extent  and  de- 

free  of  hard  freezing  could  be  reduced  somewhat  by  placing  the 
arrels  in  freezing  storage  in  a  position  the  reverse  of  that  in  which 
they  were  packed. 

The  filling  of  the  barrels  without  shaking  also  tended  to  give  a 
somewhat  smoother  and  more  desirable  appearance  in  the  fruit  mass 
when  the  barrel  was  opened,  as  well  as  a  more  pleasantly  flavored 
product  when  it  thawed.  Shaking  or  jolting  of  the  barrels  is,  how- 
ever, almost  indispensable,  since  it  is  often  not  possible  to  place  the 
proper  quantity  of  fruit  in  the  barrels  unless  there  is  some  way  of 
settling  the  berries. 

Scattering  all  of  the  cane  sugar  through  the  fruit  in  the  top  half 
of  the  barrels  before  much  shaking  was  done  resulted,  in  some  cases, 
in  a  more  attractive  appearance  at  the  top  as  well  as  an  improved 
flavor  when  the  barrels  were  opened.  The  sirup  concentrations  at 
the  bottom  of  the  barrels  under  such  conditions  of  packing  were 
somewhat  less  than  in  most  of  the  barrels  packed  in  other  ways. 

The  best  means  of  distributing  the  cane  sugar  throughout  the  fruit 
mass  was  not  definitely  established  by  these  tests.  As  a  practical 
measure  the  frequent  addition  of  sugar  in  small  quantities  as  packing 
goes  on  and  the  storing  of  the  barrels  in  a  position  the  reverse  of  that 
in  which  they  are  packed  involves  no  additional  expense  and  seems 
to  be  about  the  best  method.  Observations  were  also  made  on  the 
character  of  the  freezing  that  occurs  in  the  fruit  mass  in  barrels 
packed  with  different  sugar  concentrations  and  placed  in  storage  at 
different  temperatures.  Barrels  of  Marshall  strawberries  packed  3 
plus  1,  2  plus  1,  and  1  plus  1  were  held  in  storage  at  temperatures  of 
0°,  15°,  and  30°  F.  The  fruit  mass  in  the  barrels  held  at  30°  showed 
no  freezing,  but  gradually  settled  toward  the  bottom;  that  in  the 
barrel  held  at  15°  showed  freezing,  the  degree  and  character  of  which 
varied  with  the  quantity  of  sugar.  At  this  temperature  the  3-plus-l 
pack  fruit  showed  the  greatest  extent  of  freezing,  being  frozen  deeply 
over  the  top  and  around  the  sides,  with  the  sirup  confined  entirely 
to  the  center  and  bottom  of  the  barrel.  The  1-plus-l  pack  was  frozen 
solidly  over  the  top  to  a  depth  of  about  8  inches,  with  some  slushy 
ice  at  the  sides  and  a  concentrated  sirup  at  the  bottom.  The  2-plus-l 
pack  showed  freezing  of  an  intermediate  degree  and  character. 

In  the  0°  F.  storage  room,  the  3-plus-l  and  the  2-plus-l  packs  had 
a  bulging,  hard-frozen  dome  at  the  top  center  of  the  fruit  mass.    The 
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top  of  this  dome  was  raised  at  least  8  inches  above  the  former  level 
of  the  fruit  and  was  pressed  tightly  against  the  head  of  the  barrel. 

The  berry  mass  in  these  two  barrels  was  frozen  solidly  at  least 
halfway  down  the  barrel.  The  ice  crust  could  be  broken  only  with 
difficulty,  especially  in  the  3-plus-l  pack,  and  in  each  case  the  upper 
portion  seemed  to  be  quite  free  from  sugar  or  sirup.  The  1-plus-l 
pack  showed  no  bulging  dome  in  the  center  but  was  also  hard  frozen 
at  the  top,  and  unfrozen  sirup  was  present  only  in  the  lower  half  of 
the  fruit  mass. 

Observations  were  also  made  on  barrels  of  fruit  packed  without 
sugar  and  held  in  temperatures  similar  to  those  prevailing  in  the 
experiments  just  mentioned.  Fruit  packed  without  sugar  expands  to 
a  considerable  extent  during  freezing  and  difficulty  has  been  experi- 
enced under  commercial  conditions,  from  the  bursting  of  the  barrel 
heads  from  the  pressure  of  the  expanded  frozen-berry  mass.  This 
is  especially  true  for  temperatures  around  0°  F.,  and  has  led  to  the 
almost  universal  use  of  about  380  pounds  of  fruit  per  50-gallon  barrel 
in  which  the  berries  are  packed  without  sugar.  Hard  freezing,  such 
as  is  generally  obtained  at  0°,  especially  if  small  containers  are  used, 
is  not  always  necessary  for  the  proper  preservation  of  frozen-pack 
fruit.  There  is  some  question  whether  rapid  freezing  does  not  extract 
water  from  the  fruit  tissues  in  such  a  way  as  to  result  in  a  product 
more  disintegrated  when  thawed  than  when  somewhat  higher  tem- 
peratures of  10°  to  15°  are  used. 

The  rapid  cooling  and  freezing  which  occur  in  barrels  of  frozen- 
pack  berries  when  they  are  exposed  to  air  temperatures  around  0°  F. 
are  often  desirable  for  the  quick  retardation  or  inhibition  of  fer- 
mentative  processes  and  the  development  of  organisms.  But  the  pro« 
longed  holding  of  such  fruit  at  these  temperatures  is  often  uneco- 
nomical and  generally  unnecessary  and  may  result  in  very  hard 
freezing,  with  the  danger  of  bursting  the  containers  if  they  are  too 
nearly  full. 

In  the  tests  conducted  at  air  temperatures  of  10°  to  15°  F.  very- 
hard  freezing  did  not  occur,  and  there  was  no  appreciable  bulging  of 
the  fruit  mass  in  fruit  packed  with  sugar.  Occasionally  there  was 
some  bulging  in  barrels  of  fruit  packed  without  sugar,  especially 
after  prolonged  storage,  but  this  was  not  commercially  significant. 
For  long  storage  a  temperature  of  15°  to  20°  has  been  found  satis- 
factory after  the  fruit  mass  in  the  containers  is  thoroughly  frozen. 

EXTRACTION   OF  WATER  FROM  FROZEN-PACK  BERRIES   AS  INFLUENCED   BY 
SUGAR  CONCENTRATION  IN  THE  SIRUP 

One  of  the  results  of  mixing  cane  sugar  with  berries  is  the  with- 
drawal of  water  from  the  fruit  by  osmotic  action  through  the  higher 
concentration  of  the  solution  around  the  berries.  This  process  begins 
befoje  freezing  and  continues  at  a  constantly  decreasing  rate  until 
the  mass  is  frozen. 

When  freezing  begins,  the  sirup  concentration  around  the  fruit  is 
increased,  and  this  results  in  a  more  rapid  withdrawal  of  water  from 
the  berries.  Apparently,  however,  a  considerable  part  of  the  water 
extraction  from  the  fruit  occurs  before  ice  formation  has  taken  place, 
although  if  freezing  is  prolonged  until  the  fruit  mass  is  hard  frozen 
large  quantities  of  water  are  removed  from  the  tissues.     A  certain 
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reabsorption  of  extracted  water  by  the  tissues  undoubtedly  takes 
place  during  thawing,  but  the  quantity  is  determined  largely  by  the 
degree  of  freezing  that  has  occurred  and  by  the  conditions  existing 
during  the  thawing  process.  In  any  event,  very  considerable  quan- 
tities of  water  remain  unabsorbed  b}^  the  tissues,  and  the  concentra- 
tion of  soluble  solids  in  the  tissue  juice  is  increased  thereby. 

One  of  the  important  results  of  this  withdrawal  of  water  is  a 
shrinkage  in  the  volume  of  the  fruit  tissue  to  a  degree  more  or  less 
proportional  to  the  sugar  concentration.  The  preserve  manufacturer 
particularly  is  interested  in  the  proportions  of  fruit  tissue  and  sirup 
present  in  frozen-pack  fruit.  The  quantity  of  fruit  per  barrel  and 
its  texture  and  appearance  are  of  real  importance  to  the  preserving 
trade. 

As  a  preliminary  experiment,  determinations  of  the  concentration 
of  soluble  solids  in  Marshall  and  Ettersburg  121  strawberries  in  dif- 
ferent stages  of  maturity  were  made  soon  after  the  berries  were 
harvested.  The  results  of  these  tests  indicated  that  there  was  con- 
siderable variation  in  the  concentration  of  soluble  solids  in  the  juice 
expressed  from  berries  which,  to  the  eye,  appeared  to  be  at  about  the 
same  stage  of  maturity  and  also  that  varieties  of  strawberries  might 
differ  in  this  respect. 

As  the  berries  matured  there  was  generally  an  increase  in  soluble 
solids  in  the  juice,  but  in  the  same  l)erry  there  was  comparatively 
little  diiFerence  between  the  soluble  solids  ifi  the  juice  from  the  firm 
or  from  the  soft  side  or  between  the  red-colored  and  the  greenish 
white  portion  of  unripe  berries. 

With  the  object  of  determining  the  effect  of  different  cane-sugar 
concentrations  upon  the  texture  and  loss  in  volume  of  Marshall 
strawberries,  a  series  of  experiments  was  conducted  with  single  ber- 
ries packed  in  sirups  of  various  concentrations.  All  precautions 
were  taken  to  obtain  proper  samples  of  sirup  and  juice  from  the 
berries.  The  concentrations  were  determined  in  these  as  well  as  in 
the  preliminary  tests  with  an  Abbe  refractometer,  the  use  of  which 
made  it  possible  to  work  with  very  small  quantities  of  liquid. 

The  berries  were  packed  in  cans  after  the  fruit  had  been  thoroughly 
mixed  with  cane  sugar,  and  the  mixing  was  continued  as  the  filling 
was  going  on  in  order  to  insure  as  thorough  a  distribution  of  the 
sugar  as  possible.  The  berries  were  put  up  without  sugar  and  with 
sugar  in  the  proportions  4  plus  1,  2  plus  1,  and  1  plus  1. 

The  environmental  conditions  chosen  for  this  experiment  involved 
a  gradual  lowering  of  the  temperature  similar  to  that  which  takes 
place  in  the  fruit  in  the  center  of  a  barrel.  Hence  the  cans  were  left 
at  70°  F.  for  24  hours,  after  which  some  were  withdrawn  for  exami- 
nation, while  the  rest  were  removed  to  45°,  where  they  were  left 
for  48  hours.  Another  lot  was  then  withdrawn;  the  rest  of  the 
cans  were  placed  in  30°  and  held  for  72  hours.  Some  cans  were 
examined  at  the  end  of  this  time,  while  the  remainder  were  removed 
to  15°  for  periods  of  48  hours,  after  which  they  also  were  examined. 
Where  the  fruit  was  frozen  it  had  first  to i)e  thawed,  of  course,  before 
readings  on  the  soluble  solids  could  be  made. 

A  composite  picture  of  the  results  obtained  from  many  tests  is 
given  in  Table  6. 
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Table  6. — Influence  of  proportion  of  ca/ne  sugar  in  pack  on  concentration  of 
soluble  solids  in  the  pulp  of  M>arshall  stratvberries  held  at  various  tempera- 
tures and  finally  frozen 


Treatment  of  pulp 

Soluble  solids  in  different  packs 
(per  cent) 

No  sugar 

4  plus  1 

2  plus  1 

1  plus  1 

Held  24  hours  at  70°  F 

8.08 
8.16 
8.36 

9.21 

17.99 
17.59 
19.86 

21.33 

20.74 
19.77 
22.61 

23.91 

21  25 

Held  24  hours  at  70"  and  48  hours  at  45°  F 

25  21 

Held  24  hours  at  70°,  48  hours  at  45°,  and  72  hours  at  30°  F 

Held  24  hours  at  70°,  48  hours  at  45°,  72  hours  at  30°,  and  48  hours 
at  15°  F 

26.80 
36  44 

Table  6  indicates  that  with  an  increase  in  the  cane-sugar  concentra- 
tion in  the  pack  there  is  also  more  water  extracted  from  the  fruit,  as 
shown  by  the  increased  percentages  of  soluble  solids  in  the  fruit  itself. 
Most  of  the  extraction  occurs  before  freezing  and  takes  place  in  the 
first  24  hours,  although  there  is  generally  a  slight  increase  at  the 
different  temperatures  and  for  the  duration  of  these  experiments. 

The  berries  packed  without  sugar  show  very  little  change  in  soluble 
solids  until  freezing  has  taken  place,  and  even  then  the  change  is  not 
marked.  The  degree  to  which  the  further  sirup  concentration  result- 
ing from  freezing  will  extract  additional  water  from  the  tissues  after 
they  have  been  stored  in  sirup  for  some  time  before  freezing  is  shown 
by  the  table  to  be  relatively  small,  except  at  the  highest  cane-sugar 
concentration  used.  It  may  be  that  this  concentration  completely 
plasmolyzes  the  cells  of  the  berries  and  thereby  renders  the  proto- 
plasts more  permeable,  so  that  the  quantity  of  water  extracted  is  some- 
what greater  than  when  lower  sugar  concentrations  are  used. 

Determinations  of  soluble  solids  were  made  on  the  sirup  obtained 
from  cans  of  fruit  that  had  been  treated  in  the  same  manner  as  those 
in  the  experiment  just  described,  but  which  had  been  frozen  for  48 
and  168  hours.  There  was  no  consistent  change  in  the  sirup  concen- 
tration in  any  of  the  packs  after  the  longer  period  of  freezing,  which 
would  indicate  that  the  greater  part  of  the  water  extraction  due  to 
sirup  concentration  following  freezing  occurs  relatively  soon  after 
freezing  begins. 

There  is  a  noticeable  decrease  in  the  size  of  the  berries  under  condi- 
tions that  bring  about  water  extraction.  Measurements  of  many 
berries  held  in  sirups  of  different  concentrations  show  that  the  de- 
crease in  size  occurs  relatively  soon  after  immersion  and  that  the  rate 
of  decrease  in  size  is  much  slower  after  the  first  24  houi-s.  The  de- 
crease in  size  for  any  time  period  is  proportional  to  the  cane-sugar 
concentration  in  the  sirup. 

As  the  berries  decrease  in  size  it  becomes  increasingly  difficult  to 
squeeze  juice  from  them,  and  they  become  tough  and  leathery,  espe- 
cially in  the  high  cane-sugar  concentrations. 

Determinations  of  soluble  solids  made  on  the  juice  taken  from  the 
center  portions  of  berries  packed  in  different  cane-sugar  concentra- 
tions, as  well  as  that  pressed  from  the  outer  portion  of  the  fruit,  do 
not  show  consistent  differences  such  as  would  occur  if  there  were  an 
actual  penetration  of  sugar  into  the  fruit  tissue. 
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Tests  were  made  in  which  measured  berries  were  immersed  in 
sirups  of  different  concentrations.  Measurements*  were  made  to  de- 
termine the  decrease  in  size  of  the  fruit,  and  determinations  of  solu- 
ble solids  were  made  at  intervals,  both  of  the  sirup  surrounding  the 
berries  and  of  the  juice  extracted  from  them.  There  was  a  rather 
consistent  increase  in  soluble  solids  in  the  berries,  roughly  propor- 
tional to  the  quantity  of  cane  sugar  in  the  sirup,  and  this  was  paral- 
leled by  a  decrease  jn  soluble  solids  in  the  sirup,  which  would  indicate 
a  dilution  of  the  sirup  by  water  extracted  from  the  fruit. 

EFFECT  OF  FREEZING  ON  CHEMICAL  COMPOSITION  OF  BERRIES 

Certain  experiments  were  conducted  with  samples  of  ripe  straw- 
berries, raspberries,  and  Logan  and  other  blackberries  to  determine 
the  effect  of  freezing  upon  the  chemical  composition  of  the  fruit. 

Each  sample  of  berries  was  carefully  mixed  and  divided  into  four 
portions.  One  of  these  was  analyzed  immediately;  one  was  mixed 
with  distilled  water,  sealed  in  No.  10  cans,  and  processed;  another 
was  mixed  with  one-half  its  weight  of  cane  sugar,  sealed  in  No.  10 
cans,  and  frozen;  and  the  fourth  portion  was  sealed  in  No.  10  cans 
without  the  addition  of  sugar  and  frozen.  Tlie  two  frozen  portions 
were  stored  at  about  25°  F.  The  canned  and  frozen  berries  were 
held  for  a  period  of  from  six  to  eight  months  before  being  analyzed. 

The  results  of  these  analyses  are  given  in  Table  7.*  The  percent- 
ages are  calculated  on  the  basis  of  the  fresh-fruit  weight,  correction 
having  been  made  for  the  water  or  sugar  added  in  each  case. 

Table  7. — Chemical  composition  of  frozen-pack  berries,  as  compared  tcith  the 
cliemdcal  composition  of  untreated  and  canned  herries 


Variety  of  fruit 

Where  grown 

Method  of  preservation 

Water- 
insol- 
uble 
solids 

Alcohol- 
insol- 
uble 
solids 

Pectic 
acid 

Ash 

Marshall     straw- 

Longley,  Wash.... 

do 

do 

None — 

Percent 
2.56 

3.06 

2.67 

2.79 
6.18 
6.00 

6.46 

6.33 
6.27 
6.20 

6.28 

6.18 
6.79 

5.87 

5.80 

6.38 

Per  cent 
0.597 

.617 

.562 

.685 
.629 
.613 

.618 

.617 
.456 
.486 

.484 

.489 
.486 

.626 

.631 

.628 

Percent 
0.429 

.402 

.307 

.346 
.303 
.293 

.269 

.261 
.201 

.188 

.188 

.187 
.283 

.278 

.287 

.267 

Per  cent 
0.427 

berry. 
Do 

Do 

Canned,  2  parts  fruit  to  1 
part  distilled  water. 

Frozen,  2  parts  fruit  to  1 
part  sugar. 

Frozen 

.420 
.448 

Do 

do-.. 

PuyaUup,  Wash... 
do.-  . 

.421 

Cuthbert  raspberry.. 
Do 

None _ 

Canned,  2  parts  fruit  to  1 
part  distilled  water. 

Frozen,  2  parts  fruit  to  1 
part  sugar. 

Frozen 

.399 
.361 

Do 

Do 

do 

do 

Auburn,  Wash.... 
do 

do 

do- 

.366 
.345 

Ijog&u  blackberry. . . 

None 

.360 

Do... 

Do 

Do 

Canned,  2  parts  fruit  to  1 
part  distilled  water. 

Frozen,  2  parts  fruit  to  1 
part  sugar. 

Frozen 

.398 

.405 

398 

Evergreen  black- 

Puyallup,  Wash-- 
do 

None 

.466 

berry. 
Do 

Canned,  2  parts  fruit  to  1 
part  distilled  water. 

Frozen,  2  parts  fruit  to  1 
part  sugar. 

Frozen 

.409 

Do 

do 

.421 

Do 

..    -do-.  .  . 

462 

*  The   chemical    analyses    reported    In    these    tables    were    made    according    to    methods 
described  in  the  following'  publication  :  Association  of  Official  Ageicultural'Chemists. 

OFFICIAL  A.ND  TB.NTATIVK   MKTIIODS   OF  ANALYSIS.       ("OMPILBD   BY   THE   COMMITTEE  ON    IfX)ITING 

METHODS  OF  ANALYSIS.      Revlwed  to  July  1,  1924.     Ed.  2,  535  p.,  illus.     Washington,  D.  C. 
1925. 
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These  analyses  show  that  the  chemical  characteristics  of  berries 
which  are  important  in  the  manufacture  of  jams  and  jellies  are  not 
significantly  affected  by  the  storage  of  the  fruit  in  the  frozen  state. 
It  was  noted,  however,  that  strawberries  frozen  without  sugar  showed 
a  decided  loss  in  flavor  and  color  as  compared  with  the  fresh  fruit 
as  originally  packed.  This  was  not  true  of  the  berries  frozen  with 
sugar,  in  which  case  the  fruit  was  much  like  fresh  berries  mixed 
with  the  same  proportion  of  sugar. 

In  later  experiments  mixtures  of  about  300  pounds  of  strawberries 
or  raspberries  with  150  pounds  of  cane  sugar  were  frozen  in  50-gallon 
barrels  commonly  used  for  this  purpose.  Storage  of  these  containers 
was  generally  at  about  25^  F.  for  periods  of  one  to  nine  months. 
In  preparation  for  analysis  the  pulp  was  separated  from  the  juice 
by  draining  for  a  few  minutes  on  an  8-inch  screen,  the  pulp  and  the 
sirup  being  analyzed  separately.  The  results  of  these  analyses  are 
given  in  Table  8.  Corrections  were  not  made  for  added  sugar,  and 
due  allowance  must  be  made  for  this  fact  in  comparing  the  analyses. 


Table  8. 


-Coniparisori  of  the  chetmoal  composition  of  the  herries  and  the  sirup 
in  frozen-pack  mi<vtures  and  of  berries  not  frozen 


Variety  of  fruit  and 
place  grown 

Storage  condi- 
tions 

Weight 

(pounds) 

of  drained— 

Solids 

1 

1 

i 
0 

1 
6 

0 

h 

.a 

< 

.S 

00 

hi 

1 

s 

1 

.a® 

il 

Cuthbert  raspberry: 

Bellingham,  Wash... 
Do 

None 

1  month... 

...do 

None 

""'25 
25 

'242'" 

'20i" 

P.ct. 

17.84 
45.33 
49.57 
18.27 
43.23 
60.55 
18.47 
41.60 
66.42 
14.88 
49.20 
45.06 

11.70 
33.10 
49.01 
11.32 
37.63 
45.30 

10.87 
43.72 
48.46 

p.ct. 
6.27 
7.18 

'6."  45 
7.55 

"6."  53 
6.30 

'4.' 88 
7.13 

2.80 
5.34 

'2.52 
6.97 

2.95 
6.57 

P.d. 

8.92 
36.80 
47.66 

9.27 
34.13 
49.28 

9.51 
33.44 
55.36 

7.53 
40.80 
42.98 

7.15 
25.80 
48.32 

6.68 
27.36 
43.73 

5.95 
35.76 
45.07 

p.ct. 
8.92 

'9."o6 

'8.'96 
'7.'35 

p.ct. 
0.67 
.50 
.22 
.63 
.49 
.22 
.65 
.40 
.21 
.58 

P.ct. 

0.24 

.19 

.08 

.28 

181.5 
134.8 
101.2 
183.8 

p.ct. 

0.37 

40 

Do 

Do 

.38 
.39 

Do 

1  month 

.-do 

None 

26 
25 

238 

'210" 

.20   141.5 
.08    105.6 
.26   184.1 

37 

Do 

Do... 

.30 

37 

Do 

1  month... 
...do 

25 
25 

297 

'155" 

.19 
.05 
.29 

136.4 
92.4 
158.4 
126.1 
124.6 

161.1 
136.4 
85.1 
195.8 

35 

Do 

Do 

.27 
40 

Do 

9  months.. 
...do 

None 

25 
25 

323.5 

'i25.'5 

.30 

Do 

Marshall  strawberry: 
Everett,  Wash 

4.55 
'4.'64 

4.92 

.60 
.62 
.19 
.63 
.91 
.13 

.50 
.80 
,11 

.37 
.36 
.09 
.31 

.30 
39 

Do 

3  months. - 

...do 

None 

15 
15 

192 

"258" 

32 

Do 1 

Puyallup,  Wash 

.23 
41 

Do 

3  months.. 
..-do 

None 

25 
25 

164.5 

'282.'5 

.62(  148.1 

37 

Do 

Wilson  strawberry: 
Portland,  Greg  .. 

.05 

.35 
.44 
.05 

111.5 

182.1 
151.3 
132.0 

.24 
,49 

Do 

6  months.. 
—do 

26 
25 

157 

'293'" 

.34 

Do .  — 

.25 

The  data  indicate  that  the  pectic-acid  content  of  the  drained  juice 
is  very  much  lower  than  that  of  the  drained  pulp.  This  is  due  to 
the  fact  that  pectin  is  insoluble  in  water  until  the  fruit  mass  has  been 
heated  in  the  presence  of  water  and  acid. 

It  will  also  be  noted  that  there  was  some  loss  of  pectin  in  the 
berries  in  some  cases,  due  perhaps  to  the  longer  period  of  time  re- 
quired to  freeze  the  fruit  mass  in  such  instances,  which  might  result 
in  a  further  ripening  of  the  fruit  and  a  possible  breaking  down  of 
pectic  materials. 
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The  analyses  show  no  significant  changes  in  the  chemical  con- 
stituents of  the  berries  other  than  these  few  cases  of  loss  in  pectic 
materials. 

The  analyses  also  show  that  a  period  of  several  months  is  re- 
quired for  the  sugar  concentration  in  the  fruit  to  come  into  equi- 
librium with  that  in  the  sirup.  Even  after  storage  for  nine  months 
at  about  25°  F.  the  proportion  of  sugar  in  the  juice  is  somewhat 
higher  than  that  in  the  drained  fruit. 

YEAST   DEVELOPMENT,   MOLD    GROWTH.    FERMENTATION,   AND    SPOILAGE    IN 
FROZEN-PACK   BERRIES 

Temperature  is  one  of  the  most  important  factors  in  the  preserva- 
tion of  fruit  by  the  frozen-pack  method.  It  is  known  that  high  tem- 
peratures may  cause  a  marked  acceleration  in  the  respiration  as  well 
as  in  other  vital  processes  of  the  fruit  and  may  bring  about  the  rapid 
development  of  fungous  and  bacterial  organisms.  The  primary  pur- 
pose of  the  handling  and  freezing  practices  employed  in  the  frozen- 
pack  method  of  preserving  fruit  is  the  reduction  of  yeast  and  mold 
development  to  a  minimum  and  the  prevention  of  fermentation  and 
spoilage. 

Fermentation  may  be  influenced  by  other  factors  which  arise 
more  or  less  directly  from  the  vital  processes  heretofore  mentioned, 
such  as  the  accumulation  of  carbon  dioxide  in  the  containers  of 
fruit,  the  depletion  of  free  oxygen  in  the  air  which  is  present  in 
the  fruit  tissue  as  it  is  packed  in  the  container,  and  the  presence 
of  alcohol  resulting  from  fermentation. 

Some  of  these  factors  have  a  depressing  effect  on  fermentative 
activity.  The  presence  of  carbon  dioxide  in  frozen-pack  fruit  does 
not  ordinarily  retard  fermentation. 

The  absence  of  oxygen  possibly  prevents  the  multiplication  of 
yeast  cells,  but  it  does  not  destroy  their  fermentative  powers.  Hence 
it  will  be  noted  in  a  subsequent  table  that  considerable  fermentation 
can  occur  even  when  the  number  of  yeast  cells  is  relatively  small  and 
shows  no  indication  of  increasing. 

Aside  from  fermentation,  with  its  consequent  deterioration  in 
the  value  of  the  frozen-pack  fruit,  there  may  also  be  a  loss  in  dessert 
quality  in  the  fruit  where  conditions  exist  in  which  the  oxygen  is 
depleted,  even  though  actual  spoilage  has  not  occurred.  Such  de- 
terioration has  been  observed  in  the  taste  and  appearance  of  the 
fruit,  but  its  demonstration  chemically  generally  is  not  possible. 

The  concentration  of  cane  sugar  in  the  sirup  may,  of  course, 
markedly  influence  fermentative  activity.  The  extraction  of  wat«r, 
both  from  the  berry  cells  and  from  the  cells  of  the  organisms 
involved  in  fermentation  and  spoilage,  materially  influences  the 
rates  of  their  activity.  Sugar  concentrations  may  be  prepared  of 
such  strength  that  they  practically  inhibit  fermentative  activity, 
even  though  temperatures  remain  relatively  high.  Such  concen- 
trations are  obtained  regularly  in  the  bottoms  of  barrels  of  frozen- 
pack  berries  packed  with  sugar,  but  they  occur  less  frequently  in 
the  tops  of  the  barrels.  Hence  it  has  been  emphasized  that  the 
fruit  mass  in  the  top  and  at  the  center  of  the  barrel  is  the  most 
liable  to  fermentation  and  spoilage  because  of  the  difficulty  of  re- 
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taining  sufficient  sugar   at   these   points   during  the   packing   and 
because  of  difficulties  in  cooling  the  fruit. 

The  percentages  of  alcohol  which  have  an  inhibiting  effect  on  the 
fermentative  activity  of  yeast  cells  are  such  that  they  are  not  sig- 
nificant in  the  prevention  of  loss  because  of  spoiled  berries.  The 
fermenting  enzyme  is  active  only  within  the  cells  of  the  yeast,  but 
the  alcohol  readily  diffuses  from  these  into  the  sirup.  It  is  obvious 
that  only  when  alcohol  is  present  in  high  concentration  does  it  mate- 
rially affect  the  vital  processes  of  the  yeast.  Commercially,  the 
fruit  is  spoiled  long  before  this  point  is  reached. 

In  the  determination  of  the  yeast,  spore  population,  and  molds 
present  in  frozen-pack  berries,  the  method  for  microanalysis  de- 
scribed by  Howard  and  Stephenson  ^  was  followed.  Determinations 
by  this  method  are  made  with  a  compound  microscope,  special  count- 
ing cells  being  used  on  which  drops  of  the  sample,  diluted  to  a 
known  standard  strength,  are  spread  out  under  a  thin  cover  glass 
for  examination.  For  yeasts  and  spores  the  "  count "  means  the 
number  found  per  one-sixtieth  of  a  cubic  millimeter  of  the  sample; 
for  molds  it  means  the  percentage  of  ruled  squares,  microscopic 
fields  by  number,  which  show  molds  present,  such  fields  having  been 
viewed  under  definitely  prescribed  conditions.  Both  of  these  are 
arbitrary  criteria,  but  when  obtained  under  carefully  standardized 
conditions  they  furnish  a  reliable  measure  of  the  yeast,  spore,  and 
mold  content  of  different  packs  or  lots  of  the  same  or  different  com- 
modities. And  this  content  is,  of  course,  some  indication  of  the 
quality  of  the  various  packs  or  lots  under  examination.  For  ex- 
ample, in  an  analysis  by  Howard  and  Stephenson  of  nine  samples 
of  tomato  sauces  made  from  acceptable  or  fairly  acceptable  stock, 
the  yeast  and  spore  count  averaged  40  per  one-sixtieth  of  a  cubic 
millimeter  and  the  mold  count  14  per  cent;  that  is,  14  per  cent 
of  the  microscopic  fields  examined  showed  molds.  The  averages 
for  24  samples  of  sauces  made  from  bad  or  questionable  stock  were 
475  for  yeast  and  spores  and  53  per  cent  for  molds.  These  authors 
make  the  statement  that  "a  low  mold,  yeast  and  spore,  or  bacterial 
count  does  not  necessarily  indicate  sound  stock,  but  a  high  count 
in  any  of  these  organisms  always  indicates  bad  stock  or  improper 
handling." 

In  using  the  Howard  and  Stephenson  method  on  fi-ozen-pack  fruit 
all  necessary  precautions  in  sampling  and  in  preparing  the  samples 
for  examination  were  employed,  in  order  to  insure  accurate  and 
representative  results.  In  some  cases,  samples  were  taken  directly 
from  barrels  of  fruit  prepared  for  the  experiments;  in  others,  the 
berry  and  sugar  mixtures  were  prepared  and  held  in  storage  at 
different  temperatures  in  cans^  sealed  after  packing.  The  fruit  in 
these  cans  was  held  under  temperature  conditions  similar  to  those 
that  would  prevail  in  barrels  of  frozen-pack  fruit  as  they  were 
being  cooled  at  freezing  temperatures. 

A  preliminary  count  for  yeast,  spore  population,  and  molds  made 
on  Marshall  strawberries,  as  they  were  delivered  for  packing,  in- 
dicated that  a  considerable  variation  could  be  expected,  even  in 
berries  that  appear  to  be  in  an  entirely  satisfactory  condition.     The 

'■  Howard,  B.  J.,  and  Stephenson,  C.  H.  microscopical  studies  on  tomato  products. 
U.  S.  Dept.  Agr.  Bui.  581,  24  p.,  illus.     1917. 
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magnitude  of  these  counts  depends  on  various  cultural  and  climatic 
factors.  In  general,  however,  the  counts  were  quite  low,  ranging 
from  4  to  24  for  the  yeasts  and  spores,  and  4  to  20  per  cent 
for  the  molds.  Rjxspberries  have  generally  shown  higher  values 
than  strawberrie.s  in  this  respect  for  fruit  that  appeared  to  be  in 
comparable  condition.  The  reason  for  this  lies  perhaps  in  the 
structure  of  the  berry. 

The  first  experiments  with  frozen-pack  berries  were  conducted 
with  barrels  of  Marshall  strawberries  and  Cuthbert  raspberries, 
packed  without  sugar  and  with  cane  sugar  in  the  proportions  3  plus 
1,  2  plus  1,  and  1  plus  1.  These  barrels  were  divided  into  three 
groups  and  held  at  0°,  15°,  and  30°  F.  for  periods  of  6  to  10  days. 

•  Yeast  and  spore  counts  made  before  and  after  the  period  of  storage 
showed  no  consistent  or  appreciable  increase.  There  was  no  alcohol 
present  in  the  fruit  mass  in  any  of  the  barrels,  and  the  berries  had 
an  entirely  satisfactory  flavor  and  appearance.  It  was  evident  that 
with  berries  having  a  low  yeast  and  spore  count  at  packing  time 
there  was  no  considerable  increase  in  numbei^  under  the  conditions 
of  this  experiment  and  no  fermentation  or  spoilage.  The  experiment 
emphasizes  the  fact,  also,  that  it  is  practicable  to  preserve  good  berries 
in  a  fresh,  dry  condition  by  means  of  low  temperatures. 

The  relatively  satisfactory  results  obtained  even  when  the  barrels 
were  held  for  6  to  10  days  at  30°  F.,  a  temperature  which  is  not 
recommended  and  at  which  no  freezing  occurs,  indicate  that  spoilage 
in  storage  may  be  due  in  a  large  part  to  the  condition  of  the  fruit 
at  packing  time  or  to  failure  to  maintain  proper  storage  temper- 
atures. 

The  condition  of  the  fruit  at  packing  time  has  a  very  important 
bearing  on  its  behavior  in  storage  even  when  rapidly  cooled.  Obvi- 
ously, where  decayed,  soft,  overripe  berries  are  used  for  the  frozen 
pack,  the  quality  of  the  fruit  after  freezing  and  thawing  can  not  be 
better  than  it  was  at  the  beginning.  Rapid  cooling  and  freezing 
merely  help  to  retain  the  fruit  in  the  condition  that  existed  at  the 
time  of  packing. 

Some  experiments  made  with  precooled  berries  packed  in  50-gallon 
barrels  indicated  that  such  a  practice  helped  materially  in  keeping 
down  the  development  of  organisms  and  stopping  fermentation. 
Small  containers,  in  which  the  fruit  can  be  cooled  rapidly,  are  espe- 
cially advantageous.  Under  the  conditions  of  these  experiments,  it 
was  found  that  the  fruit  packed  in  50-gallon  barrels  in  a  3  plus 
1  mixture  was  as  satisfactory  as  that  in  the  1  plus  1  packs.  This 
indicates  that  the  cane-sugar  concentration  found  in  the  fruit  mass 
at  the  top  of  the  barrel  is  sufficient  to  preserve  the  mass  if  the  fruit 
is  in  good  condition  when  packed  and  is  cooled  fairly  rapidly. 

In  order  to  test  further  the  effect  of  different  temperatures  on  the 
development  of  organisms  in  frozen-pack  berries  and  on  fermenta- 
tion, various  mixtures  of  berries  and  cane  sugar  were  prepared  accu- 
rately by  weight  and  held  at  different  temperatures  m  sealed  cans. 
The  results  obtained  from  these  tests  are  given  in  Table  9.  The 
alcohol  determinations  were  made  by  actual  analysis. 
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Table  9. — Yeast  amd  spore  counts  and  alcohol  determinations  made  on  Cuthhert 
raspberries  and  Marshall  strawberries  packed  with  and  tvithout  cane  sugar 
and  held  at  45°  and  75°  F. 


Fruit  variety  and  character  of  pack 


Storage 
tempera- 
ture (°F.) 


Yeast  and  spore 
count 


At  be- 
ginning 


After 
two  days 


Percent- 
age of 
alcohol 


Cuthbert  raspberries: 

No  sugar... 

3plusl 

2plusl 

No  sugar. 

3plus  1 

2plus  1 

Marshall  strawberries 

No  sugar 

Splusl 

2  plus  1 

No  sugar 

Splusl 

2plus  1 


,1 

16 
12 

60 

8 

5 

640 

80 

8 


None. 

Do. 

Do. 
0.1. 
None. 

Do. 

Do. 

Do. 

Do. 
0.55. 
None. 

Do. 


The  influence  of  temperature  as  well  as  that  of  cane-sugar  concen- 
tration upon  the  yeast  and  spore  population  is  evident  from  these 
results.  Longer  periods  of  exposure  up  to  three  days  at  these  tem- 
peratures have  given  even  higher  yeast  and  spore  counts  and  larger 
amounts  of  alcohol  even  in  the  45°  F.  storage.  After  a  period  of 
only  24  hours  no  alcohol  was  observed  in  any  of  these  experimental 
lots,  and  the  counts  were  generally  lower  than  those  found  for  berries 
held  for  two  days. 

An  extensive  series  of  experiments  was  conducted  with  Marshall 
strawberries,  Cuthbert  raspberries,  and  Evergreen  blackberries, 
packed  with  and  without  cane  sugar  and  held  in  small  containers  at 
temperatures  of  75°,  45°,  and  30°  F. 

The  results  obtained  from  the  microanalytical  studies,  together 
with  notes  on  the  presence  or  absence  of  fermentation,  are  given  in 
Table  10.  Actual  analyses  for  alcohol  could  not  be  made  in  these 
experiments. 

Table  10. — The  development  of  yeast  spores  and  molds  and  the  presence  or 
absence  of  fermentation  in  sealed  cans  of  Marshall  strawberries,  packed  and 
stored  imder  various  conditions  ; 


Time  held  and  type  of  pack 


Storage 
tempera- 
ture (°F.) 


Time  ejfamined 


Yeast 
count 

Mold 
(per 
cent) 

12 

12 

45 

8 

66 

8 

102 

4 

180 

4 

12 

12 

30 

12 

18 

4 

39 

8 

84 

8 

24 

16 

21 

16 

24 

8 

18 

8 

24 

16 

12 

12 

16 

8 

Fermenta- 
tion 


Fruit  held  15  hours  after  being  harvested 
before  being  packed: 


No  sugar 

4  plus  l._ 

2  plus  1_. 
No  sugar 


75 


75 


75 


45 


I  When  packed. 

After  18  hours. 
<  After  30  hours. 

After  42  hours. 
(After  54  hours. 

I  When  packed. 
After  18  hours. 
After  30  hours 
After  42  hours 
After  54  hours 
{When  packed. 
After  12  hours. 
After  24  hours 
After  36  hours 
(When  packed. 
■^  After  48  hours, 
lAfter  72  hours. 


None. 

Moderate. 

Bad. 

Do. 

Do. 
None. 
Moderate. 

Do. 

Do. 
Bad. 
None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table  10. — The  develoji^nent  of  yeast  spores  and  molds  and  the  presence  or 
(ihsence  of  fermentation  in  sealed  cans  of  Marshall  strawberries,  packed  and 
stored  under  various  conditions — Continued 


Time  held  and  type  of  pack 


Fniit  held  15  hours  after  being  harvested 
before  being  {>acked— Continued. 


4  plus 


2  plus  1. 


No  sugar. 


4  plus  1. 


2  plus 


Fruit  held  40  hours  after  being  harvested 
iHjfore  being  packed: 

No  sugar 

4  plus  1..., 

2  plus  1 

No  sugar 

4  plus  1 - 

2  plus  1 

No  sugar 

4  plus  1 

2  plus  1 


Storage 
tempera- 
ture ("F.) 


45 


45 


30 


'M 


Time  examined 


75 


75 


45 


45 


45 


30 


30 


30 


When  packed-. 
After  48  hours.. 
After  72  hours.. 
After  120  hours 
When  packed - 
After  48  hours.. 
After  72  hours. 
After  12()  hours 
When  packed - 
After  48  hours. 
After  120  hours 
After  240  hours 
After  480  hours 
When  packed. 
After  48  hours. 
After  120  hours 
After  240  hours 
After  480  hours 
When  packed. 
After  48  hours. 
After  120  hours 
After  240  hours 
After  480  hours 


I  When  packed.. 
After  12  hours.. 
After  24  hours.. 
(When  packed.. 
•^  After  12  hours.. 
I  After  24  hours. 
[When  packed-. 
<  After  12  hours.. 
[After  24  hours.. 
When  packed-. 
After  48  hours. 
After  96  hours.. 
When  packed-. 
After  48  hours.. 
After  96  hours.. 
When  packed-. 
After  48  hours.. 
After  96  hours.. 
When  packed-. 
After  48  hours.. 
After  96  hours.. 
After  216  hours. 
When  packed.. 
After  48  hours.. 
After  96  hours.. 
After  216  hours. 
When  packed.. 
After  48  hours.. 
After  96  hours.. 
After  216  hours 


Yeast 

Mold 
(l)er 
cent) 

COUI^t 

24 

18 

9 

8 

24 

8 

36 

12 

24 

16 

12 

8 

27 

4 

21 

12- 

24 

16 

9 

8 

12 

8 

9 

16 

57 

12 

24 

16 

6 

8 

15 

12 

21 

24 

18 

4 

24 

16 

15 

8 

24 

8 

21 

4 

30 

4 

18 

28 

30 

24 

36 

36 

18 

28 

15 

32 

21 

20 

18 

28 

24 

36 

24 

24 

18 

28 

18 

36 

36 

24 

18 

28 

15 

24 

33 

12 

18 

28 

21 

48 

12 

28 

18 

28 

9 

40 

27 

48 

18 

40 

18 

28 

18 

20 

24 

16 

15 

52 

18 

28 

12 

40 

15 

28 

18 

40 

Fermenta- 
tion 


None. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 

Slight. 

Moderate. 

None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Moderate. 
None. 

Do. 
Moderate. 
None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


The  data  presented  in  Table  10  and  the  results  of  other  experiments 
not  here  reported  indicate  that  under  the  conditions  of  the  experi- 
ments there  was  a  marked  increase  in  the  yeast  count  in  fruit,  packed 
without  sugar  and  held  at  high  temperatures.  The  presence  of  cane 
sugar  was  a  decided  deterrent  to  the  multiplication  of  the  yeast  cells, 
no  significant  increase  being  found  in  the  2  plus  1  pack.  Keepin, 
the  fruit  in  the  open  air  prior  to  packing  only  slightly  increase 
these  counts. 

The  mold  counts  did  not  show  an  increase  under  the  anaerobic 
conditions  present  deep  in  the  fruit  mass  in  barrels  of  berries  even 
with  high  temperatures  and  when  the  berries  had  been  packed  with- 
out sugar.    The  mold  count  increased  rapidly,  however,  while  the 
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fruit  was  standing  in  contact  with  the  air,  prior  to  packing.  Fermen- 
tation in  the  fruit  packed  without  sugar  and  in  that  packed  4  plus  1 
and  held  at  75°  F.  was  noted  within  18  hours.  This  is  very  impor- 
tant when  it  is  considered  that  from  10  to  12  hours  elapse  after 
barrels  are  placed  in  storage  before  any  appreciable  cooling  occurs  in 
the  center  of  the  barrel.  These  data  indicate  that  fruit  packed  with- 
out sugar  or  with  sugar  in  low  concentration  must  be  moved  to  stor- 
age promptly  and  cooled  as  quickly  as  possible  if  fermentation  is  to 
be  avoided. 

A  temperature  of  45°  F.  preserved  the  fruit  without  fermentation 
during  the  time  covered  by  these  tests.  No  measurable  fermentation 
had  occurred  at  the  end  of  72  hours  in  the  fruit  packed  without  sugar 
or  at  the  end  of  120  hours  in  the  fruit  packed  4  plus  1.  Fruit  packed 
4  plus  1  and  2  plus  1  and  stored  at  30°  showed  no  fermentation  in  20 
days.  There  was  no  consistent  increase  in  yeast  or  mold  count  in 
any  of  the  lots  held  at  45°  or  lower  while  the  experiments  were  in 
progress. 

It  will  be  noticed  that  fermentation  was  present  in  samples  having 
a  yeast  and  spore  count  as  low  as  18,  although  the  average  spore  count 
for  raspberries  in  which  fermentation  occurred  was  somewhat  higher. 
Since  many  samples  can  be  found  which  have  counts  of  the  same  or 
even  of  greater  magnitude  but  in  which  no  measurable  fermentation 
occurred,  it  is  evident  that  while  the  magnitude  of  the  yeast  and  spore 
population  is  in  many  cases  an  indication  that  fermentation  is  taking 
place  or  has  occurred  previous  to  the  sampling,  it  is  not  necessarily 
so  in  all  cases.  Large  yeast  and  spore  counts  suggest  that  the  fruit 
may  have  been  improperly  handled  after  packing,  or  if  accompanied 
by  mold  counts  of  considerable  magnitude  may  indicate  that  such 
fruit  was  of  inferior  quality  at  packing  time.  Tne  physiological  rea- 
sons for  the  possibility  of  fermentation  occurring  with  relatively  low 
yeast  and  spore  counts  have  already  been  mentioned.  The  finding  of 
alcohol  in  the  fruit  mass  is  positive  evidence,  of  course,  that  fermen- 
tation has  occurred. 

Prompt  packing  of  the  fruit  will  improve  its  quality,  especially 
since  mold  development  is  thereby  reduced.  Prompt  cooling  to  a 
temperature  of  at  least  40°  F.  is,  however,  the  best  insurance  against 
fermentation  and  spoilage.  In  the  fruit  held  at  30°  there  was  no 
fermentation  in  any  of  the  samples,  even  after  a  delay  of  40  hours 
before  the  fruit  was  placed  in  storage.  Freezing  of  the  organisms 
of  course  entirely  stops  their  development  and  prevents  fermentation. 

As  the  data  obtained  for  Cuthbert  raspberries  and  Evergreen 
blackberries  were  similar  to  those  obtained  for  strawberries,  they 
are  not  presented  in  detail. 

It  seemed,  however,  that,  all  other  conditions  being  the  same,  the 
original  yeast  and  spore  counts  on  raspberries  were  generally  higher 
than  those  on  strawberries.  Fermentation  seemed  to  begin  more 
readily  in  raspberries  and  spoilage  occurred  more  quickly  when  the 
fruit  was  held  at  relatively  high  temperatures  for  some  little  time 
before  being  packed.  A  lowering  of  the  temperature  from  75°  to 
60°  F.  slightly  reduced  fermentative  activity  and  probably  the  de- 
velopment of  organisms,  but  temperatures  around  40°  were  required 
to  retard  these  processes  materially. 
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SUMMARY 

The  rates  of  cooling  and  freezing  of  frozen-pack  berries  packed  in 
different  types  of  container  and  exposed  to  freezing  temperatures 
are  given. 

The  rate  of  cooling  of  such  fruit  is  slowest  in  the  center  of  the  con- 
tainer, and  it  is  at  this  point  that  there  is  the  greatest  danger  of 
fermentation  and  spoilage.  The  lower  the  holding  temj^erature,  the 
sooner  the  fruit  will  be  cooled  below  the  temperature  at  which  fer- 
mentation can  take  place. 

It  requires  approximately  twice  as  long  to  cool  fruit  packed  in 
the  center  of  a  barrel  to  a  temperature  of  reasonable  safety  from 
fermentation  with  air  tempei*ature  at  30°  F.  as  is  required  if  the 
temperature  is  0°;  at  15°  it  requires  about  half  a  day  longer  than 
at  0°. 

There  appears  to  be  little  significant  difference  in  the  rate  of  cool- 
ing of  strawberries,  raspberries,  or  Logan  or  other  blackberries. 

The  use  of  ice  in  the  centers  of  the  barrels  markedly  increases  the 
rate  of  cooling  in  that  portion  of  the  fruit  mass,  although  there  are 
some  trade  objections  to  the  pi*actice.  Precooling  the  fruit  prior  to 
filling  the  barrels  results  in  the  maintenance  of  very  satisfactory 
temi^eratures  in  the  berries  from  the  time  they  are  packed. 

The  smaller  the  container,  the  more  rapid  will  be  the  cooling. 
Fruit  packed  in  cans  cools  faster  than  that  packed  in  wooden  con- 
tainers of  similar  capacity. 

Fruit  packed  with  cane  sugar  cools  slightly  faster  than  fruit 
packed  without  sugar.  The  more  sugar  in  the  pack  the  more  rapid 
the  rate  of  cooling. 

The  use  of  considerable  quantities  of  cane  sugar  in  packing  frozen- 
pack  fruit  retards  the  development  of  yeasts  and  molds  (even  at 
relatively  high  temperatures),  reduces  the  danger  of  fermentation, 
preserves  the  color  of  the  fruit,  and  to  some  extent  preserves  the 
flavor  and  the  aroma  of  the.  berries.  Its  use,  however,  has  some 
disadvantages,  and  only  the  necessary  quantity  should  be  used. 
Raspberries  can  be  packed  quite  satisfactorily  without  sugar.  Straw- 
berries, however,  are  preserved  in  much  more  satisfactory  condition 
if  packed  with  sugar. 

The  addition  of  cane  sugar  to  the  berries  causes  a  withdrawal  of 
water  from  the  fruit.  The  sugar  dissolves  in  this  juice  and  forms  a 
concentrated  sirup,  which  gradually  drains  to  the  bottom  of  the  con- 
tainer. Hence  after  a  few  days  in  storage  the  sirup  concentration 
in  the  fruit  mass  in  the  lower  portion  of  the  barrel  is  considerably 
higher  than  that  in  the  upper  portion.  For  anv  of  the  commercial 
packs,  it  seems  to  be  very  nearly  a  saturated  solution  of  cane  sugar 
at  the  prevailing  temperatures.  The  concentration  in  the  top  of  the 
barrel  varies  more  widely,  depending  on  the  proportions  of  cane 
sugar  and  berries  used. 

One  of  the  results  of  this  withdrawal  of  water  from  the  berries  is 
a  shrinkage  in  tissue  volume  more  or  less  proportional  to  the  sugar 
concentration.  This  decrease  in  size  seems  to  occur  relatively  soon 
after  the  fruit  is  packed,  occurring  mostly  in  the  first  24  hours.  In 
high  sirup  concentrations  the  fruit  tissues  may  eventually  become 
tough  and  leathery. 
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The  best  means  of  mixing  sugar  throughout  the  fruit  mass  was  not 
definitely  established  by  these  tests.  As  a  practical  measure,  the 
frequent  addition  of  sugar  in  small  quantities  as  packing  goes  on 
and  the  storing  of  the  barrels  in  a  position  the  reverse  from  that  in 
which  they  w^ere  packed  appears  to  be  most  satisfactory.  This  pro- 
cedure has  generally  resulted  in  the  berries  beiilg  more  attractive  in 
appearance  and  having  a  more  pleasing  flavor.  The  mechanical  jolt- 
ing method  of  settling  the  fruit  mass  in  the  container  is  preferable  to 
shaking  it  by  hand,  because  the  undissolved  sugar  does  not  so  readily 
sift  through  to  the  bottom. 

Ice  formation  in  barrels  of  berries  exposed  to  freezing  temperatures 
invariably  begins  in  the  fruit  mass  at  the  top  and  extends  down  the 
sides  of  the  container.  This  is  probably  because  of  the  lower  sirup 
concentration  in  the  top  of  the  barrel,  and  the  consequent  higher 
freezing  point  of  the  fruit  mass  in  that  part  of  the  container. 

Practically  no  ice  formation  occurs  in  the  bottoms  of  barrels,  ex- 
cept after  long  storage  at  low  temperatures.  Even  then,  with  the 
relatively  high  sirup  concentrations,  the  frozen  mass  is  slushy  rather 
than  hard  and  crystalline. 

Fruit  tissues  expand  in  volume  to  a  considerable  degree  during 
freezing.  Whether  the  fruit  is  packed  either  w^ith  or  without  sugar, 
if  freezing  is  prolonged  or  very  rapid,  precautions  should  be  taken  to 
prevent  the  bursting  of  the  containers,  especially  when  these  have 
been  filled  to  capacity. 

Hard  freezing,  such  as  is  generally  obtained  at  0°  F.,  especially 
if  small  containers  are  used,  is  not  always  necessary  for  the  proper 
preservation  of  frozen -pack  fruit.  There  is  some  question  as  to 
whether  very  rapid  freezing  of  this  kind  does  not  extract  water  from 
the  fruit  in  such  a  way  as  to  result  in  a  more  disintegrated  product 
when  thawed  than  does  the  employment  of  temperatures  of  10° 
to  15°.  The  rapid  cooling  that  takes  place  in  barrels  of  frozen- 
pack  berries  when  exposed  to  temperatures  around  0°  is  often  de- 
sirable for  the  quick  retardation  of  fermentative  processes  and  the 
development  of  organisms,  but  to  hold  the  fruit  at  such  temperatures 
is  unnecessary. 

There  was  considerable  variation  in  the  concentration  of  soluble 
solids  in  the  juice  of  berries  that  appeared  to  be  at  about  the  same 
stage  of  maturity.  As  the  berries  matured  there  was  generally  an  in- 
crease in  soluble  solids  in  the  juice,  but  in  the  same  berry  there  was 
comparatively  little  difference  between  the  concentrations  in  the  juice 
from  the  firm  and  that  from  the  soft  side  or  between  that  from  red- 
colored  and  that  from  greenish  white  portions  of  unripe  berries. 

Determinations  of  soluble  solids  made  on  the  juice  taken  from  the 
central  portions  of  berries  packed  in  different  sugar  concentrations, 
as  well  as  that  pressed  from  the  outer  portions  of  the  fruit,  did  not 
show  any  consistent  or  significant  differences  such  as  would  occur 
if  there  were  an  actual  penetration  of  sugar  into  the  fruit  tissue. 

The  chemical  characteristics  of  berries  which  are  important  in  the 
manufacture  of  jams  and  jellies  are  not  significantly  affected  by  stor- 
age of  the  fruit  in  the  frozen  state.  The  texture  of  strawberries,  for 
preserving  purposes  at  least,  may  be  considerably  improved  by 
frozen  storage,  but  strawberries  frozen  without  sugar  showed  a  de- 
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cided  loss  in  flavor  and  color  as  compared  with  the  fresh  fruit  at 
the  time  of  packing. 

The  studies  on  yeast  and  spore  population  and  mold  development 
in  frozen-pack  berries  emphasize  the  importance  of  packing  only 
clean,  fresh  fruit  and  the  need  for  prompt  cooling  to  at  least  40°  F. 
in  the  center  of  the  fruit  mass. 

Although  it  requires  freezing  temperatures  to'  actually  stop  the 
development  of  organisms  in  frozen-pack  berries,  reduction  to  a  tem- 
perature of  40°  F.  as  quickly  as  possible  will  very  markedly  retard 
the  growth  and  multiplication  of  organisms  and  reduce  the  danger 
of  fermentation  and  spoilage. 

After  the  fruit  mass  in  tne  containers  is  frozen,  a  temperature  of 
15°  to  20°  F.  has  been  found  satisfactory  for  long  storage. 

Studies  on  the  yeast-spore  population  and  mold  growth  in  straw- 
berries as  they  are  delivered  for  packing  indicate  that  a  considerable 
variation  can  be  expected  even  in  berries  that  are  apparently  in  an 
entirely  satisfactory  condition.  In  general,  the  counts  are  low,  rang- 
ing in  these  tests  from  4  to  24  for  the  yeasts  and  spores,  and  from 
4  to  20  per  cent  for  the  molds,  according  to  the  Howard  and  Stephen- 
son method  of  microanalysis.  The  magnitude  of  these  numbers 
depends  on  various  cultural  and  climatic  conditions. 

In  raspberries  apparently  in  a  satisfactory  condition  the  yeast 
and  spore  counts  have  generally  been  higher  than  in  any  of  the  other 
berries  seemingly  in  the  same  condition  that  were  used  for  the 
frozen  pack. 

Under  the  conditions  existing  in  barrels  of  berries  there  is  a 
marked  increase  in  the  yeast  count  in  fruit  packed  without  sugar 
and  held  at  high  temperatures.  The  presence  of  sugar  greatly 
reduces  the  rate  of  multiplication  of  the  yeast  cells,  no  significant 
increase  having  been  found  in  the  2  plus  1  pack.  The  mold  counts 
do  not  show  an  increase  under  the  partially  anaerobic  conditions 
present  deep  in  the  fruit  mass  in  barrels  of  berries,  even  with  high 
temperatures  and  in  packs  containing  no  sugar.  The  mold  count 
increases  rapidly,  however,  while  the  fruit  is  in  contact  with  the  air, 
prior  to  packing. 

Fruit  packed  without  sugar  or  with  low  cane-sugar  concentrations 
must  be  moved  to  storage  promptly  and  cooled  as  quickly  as  possible 
if  fermentation  is  to  be  avoided. 

The  magnitude  of  the  yeast  and  spore  population  is  in  many  cases 
an  indication  that  fermentation  is  takmg  place  or  has  occurred 
previous  to  sampling,  but  it  is  not  necessarily  so  in  all  cases.  Large 
yeast  and  spore  counts  suggest  that  the  fruit  may  have  been  im- 
properly handled  after  it  was  packed,  or  if  accompanied  by  mold 
counts  of  considerable  magnitude  it  may  indicate  that  such  fruit 
was  inferior  in  quality  at  packing  time.  The  presence  of  alcohol  in 
the  fruit  mass  is  positive  evidence  that  fermentation  has  occurred. 

Harvesting  the  fruit  at  the  proper  stage  of  maturity,  careful 
handling,  prompt  packing,  quick  cooling  to  freezing  temperature,  and 
freezing  are  the  essential  factors  in  the  satisfactory  preservation  of 
frozen-pack  fruit. 
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INTRODUCTION 

Alligators  {Alligator  mississipiensis  [Daudin])  have  long  been 
familiar  inhabitants  of  southern  swamps  in  the  United  States,  yet 
their  habits  are  not  so  fully  known  as  those  of  many  less  conspicu- 
ous animals.  Their  presence  in  this  country  was  more  or  less  thrill- 
ingly  recorded  by  the  earliest  explorers,  and  since  that  time  fiction 
has  largely  predominated  over  fact  in  the  popular  lore  associated 
with  these  large  saurians.  There  is  reason  (^^)^  to  believe  that  the 
word  "  alligator  "  is  a  corruption  of  the  Spanish  "  el  lagarto,"  since 
Hawkins  (in  Markham,  25^  p,  263)  in  1594  employed  the  name 
"  alagartoes  "  for  crocodiles  occurring  in  the  Guayaquil  Kiver,  Ecua- 
dor, and  Sloane  {3^^  v.  2^  p.  332)  spelled  the  name  "  allagator,"  but 
likewise  applied  it  to  Crocodylus  acutus  Cuvier,  which  occurs  in 
southern  Florida  and  the  Greater  Antilles  and  along  both  Coasts  of 
Central  America  from  Mexico  to  Ecuador. 

The  present  study  has  for  its  object  the  recording  of  such  facts  as 
have  an  intimate  bearing  on  the  economic  relations  of  alligators,  in- 


*  The  manuscript  of  this  report  was  prepared  while  Doctor  Kellogg  was  a  member  of  the 
Bureau  of  Biological  Survey. 

» Italic  numbers  In  parentheses  refer  to  "  Literature  cited,"  p.  34. 

00452"— 20 1  1 


2  TECHNICAL  BULLETIN  14  7,  U.  S.  DEPT.  OF  AGRICULTURE 

eluding  their  relation  to  other  forms  of  wild  life  as  shown  by  their 
food  habits  and  their  value  to  certain  industries  for  their  hides, 
teeth,  and  other  products,  as  well  as  the  presentation  of  a  brief  out- 
line of  the  essential  phases  of  their  life  history.  In  determining  the 
nature  of  their  food  habits  an  attempt  has  been  made  to  supplement 
the  laboratory  examination  of  the  stomach  contents  of  157  alligators 
obtained  along  the  Gulf  coast  of  the  United  States  with  such  reliable 
published  and  unpublished  information  as  is  available.  Various 
phases  of  the  natural  history,  anatomy,  and  development  of  the  alli- 
gator have  been  discussed  by  Dowler  (i^),  True  (39),  Clarke  (ii), 
and  Eeese  (SO),  but  no  adequate  study  has  ever  before  been  made 
of  its  food  habits  and  relations  to  other  forms  of  wild  life. 

Alligators  are  more  or  less  aquatic  reptiles,  belonging  to  the  great 
subclass  Diapsida,  which  includes  all  reptiles  that  have  a  skull  with 
two  temporal  openings  separated  by  a  postorbito-squamosal  arch  and 
a .  shoulder  girdle  with  a  single  coracoid,  but  no  cleithrum.  They 
belong  to  the  order  Crocodilia,  the  known  geological  history  of  which 
extends  from  the  Jurassic  to  the  present  time.  All  their  relatives 
have  2-headed  dorsal  ribs  that  articulate  with  the  arch  only  of  the 
vertebra;  the  skulls  have  a  secondary  palate,  but  lack  palatal  teeth; 
no  parietal  foramen  is  present ;  and  the  external  nares  are  terminal. 
The  Crocodilia  have  no  close,  living  relatives  and  are  far  removed 
from  all  other  living  reptiles,  with  the  possible  exception  of  the  rhyn- 
chocephalian  genus  Sphenodon,  which  frequents  Stephens  Island, 
New  Zealand.     (PI.  1.) 

The  evidence  seems  lairly  clear  that  alligators  evolved  from  croco- 
dileSj  from  which  they  are  distinguished  by  their  broader  snouts. 
Fossil  remains  of  the  Pleistocene  Age  and  identified  as  AUigator 
mississipiensis  are  reported  by  Hay  {20,  21)  from  the  following  local- 
ities :  Ashley  River,  S.  C. ;  Peace  Creek  and  Vero,  Fla. ;  and  Blanco 
Biver,  15  miles  above  San  Marcos,  on  the  Edwards  Plateau  and  also 
in  McLennan  County,  Tex. 

It  would  appear  that  the  Middle  Miocene  Alligator  thomsoni  (28) 
found  in  the  lower  Snake  Creek  beds  near  Agate,  Nebr.,  is  a  direct 
ancestor  of  the  Chinese  alligator  (29).  This  fossil  alligator  exhibits 
peculiarities  that  are  supposedly  intermediate  between  both  of  the 
living  alligators  and  certain  older  Eocene  fosMl  crocodiles  (Allog- 
nathosuchus)  from  the' A^asatch  and  Bridger  formations  of  Wyo- 
ming, i  .    . 

GEOGRAPHIC  DISTRIBUTION 

The  genus  Alligator  has  two  living  species,  one  of  which  (AUigator 
Tmssi^sipiensis)  occurs  solely  within  the  boundaries  of  the  United 
States  and  the  other  (AUigator  sinensis)  in  eastern  China.  The 
Chinese  species  frequents  the  lower  Yangtsze  Eiver  Valley  and  its 
tributaries,  from  Kiukiang  to  Nanking  in  the  Provinces  of  Anhwei 
and  Kiangsu.  The  habits  of  this  alligator  seem  to  be  quite  similar 
to  those  of  the  American  species.  According  to  Clifford  H.  Pope 
(in  Schmidt,  3S,  p.  ^77),  Chinese  alligators  were  dug  out  of  holes  on 
a  treeless,  sparsely  grassed  plain  by  the  side  of  the  Ching  Ssui  Ho, 
the  river  that  flows  south  through  Wuhu  and  into  the  Yangtsze. 
Alligators  also  exist  in  Poyang  Lake,  as  well  as  along  the  muddy 
banks  of  the  Yangtsze. 
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PLATE  1 


A.— Adult  alligators  in  ZoologicMl  I'ark,  New  York  City 

B.— Old  adult  alliKator,  showing  arranRomont  of  intogumentary  scutes,  shape  of  head  and 
Jaws,  position  of  nostrils  and  eyes,  and  peculiarities  of  fore  and  hind  feet.  (Photos  repro- 
duced by  courtesy  of  the  New  York  Zoological  Society) 
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The  American  alligator  {Alligator  tnississipiensis)  frequents  the 
low  coastal  plain  from  Albemarle  Sound,  N.  C.,  southward  through 
South  Carolina  and  Georgia,  to  and  including  peninsular  Florida, 
westward  through  Alabama  and  Mississippi  to  Louisiana,  and 
thence  northward  along  the  Mississippi  River  into  Arkansas  and 
the  Red  River  along  the  northern  border  of  Texas.  The  western 
limits  of  the  range  of  the  alligator  fall  short  of  the  one-hundredth 
meridian  in  Texas,  while  the  Rio  Grande  seems  to  form  the  southern 
boundary. 

Continued  drainage  and  encroachment  of  agricultural  interests  on 
the  natural  habitat  of  alligators,  coupled  with  the  wanton  manner 
in  which  they  have  been  hunted,  have  caused  a  decrease  in  their 
numbers  in  rnany  parts  of  their  former  range.  Most  of  the  large 
fresh-water  streams  that  traverse  the  south  Atlantic  and  Gulf  coastal 
plains  supported  at  one  time  large  numbers  of  these  reptiles. 
Although  the  alligator  in  former  years  was  undoubtedly  common  in 
the  larger  rivers  and  lakes  of  the  Southern  States,  and  they  even 
have  ventured  short  distances  into  salt  water  (<§,  p.  13 J^)^  they  have 
now  retreated  to  the  more  unfrequented  parts  of  large  marshes  and 
to  inaccessible  areas  of  extensive  swamps.  Ideal  conditions  for 
alligators  are  still  present  in  the  recesses  of  the  Okefenokee  Swamp 
in  Georgia  and  Florida,  the  saw-grass  country  of  the  Everglades, 
the  overflowed  cypress  swamps  of  Florida,  the  marshes  and  bayous 
around  Mobile  Bay  in  Alabama,  the  inundated  lands  of  the  coastal 
counties  of  Mississippi,  and  the  watercourses  of  the  open  prairie,  as 
well  as  in  the  bayous  that  traverse  the  cypress  swamps  in  Louisiana. 
(Figs.  1  and  2.) 

The  collection  of  eggs,  the  sale  of  the  young,  and  the  more  or  less 
reckless  destruction  of  adults  for  belly  skins  would  eventually  result 
in  the  extermination  of  alligators  were  it  not  for  the  fact  that  large 
areas  in  such  breeding  places  as  the  Okefenokee  Swamp,  the  Ever- 
glades, and  the  coastal  marshes  of  Mississippi  and  Louisiana,  like 
the  Rainey,  the  Rockefeller,  and  the  Louisiana  State  wild-life 
refuges,  probably  will  never  be  reclaimed. 

Far  north  of  these  places  surprising  occurrences  of  alligators  have 
been  reported.  In  June,  1926,  seven  alligators  ranging  in  length 
from  less  than  2  feet  to  4  feet,  the  longest  weighing  about  75  pounds, 
were  captured  in  the  Potomac  River  near  Washington,  D.  C,  and 
press  accounts  record  the  frightening  of  New  Jersey  bothers  during 
the  same  summer  by  alligators  of  some  size.  On  August  15, 1899,  an 
alligator  3  feet  in  length  was  caught  i;n  Mile  Run  Brook,  near  New 
Brunswick,  N.  J.,  and  on  August  22, 1901,  an  alligator  3  feet  9  inches 
in  length  was  found  in  the  cellar  of  a  house  in  Jersey  City.  In 
California,  Chester  A.  Pinkham,  at  Salt  Creek  Bridge  on  the  Salton 
Sea,  reported  the  capture  of  a  13-inch  alligator  in  Salt  Creek;  an- 
other individual  2  feet  in  length  was  taken  in  July,  1910.  Alligators 
are  not  indigenous  to  these  States,  however,  and  it  is  probable  that 
the  individuals  reported  had  either  escaped  from  captivity  or  had 
been  liberated  by  their  former  owners.  In  all  instances  where  no 
publication  is  cited,the  details  of  distribution  hereinafter  given  are 
based  on  data  from  the  files  of  the  Bureau  of  Biological  Survey. 

In  North  Carolina,  according  to  C.  S.  Brimley,  of  Raleigh,  Albe- 
marle Sound  is  probably  the  northern  limit  of  the  natural  range  of 
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the  alligator,  as  specimens  have  been  taken  in  Hyde  County  and  the 
animals  are  still  common  in  suitable  situations  from  the  Neuse 
River  estuary  southward.  Under  favorable  conditions  alligators  in 
North  Carolina  are  most  common  near  the  seacoast,  but  occasional 
individuals  ascend  the  rivers  for  50  or  60  miles ;  there  are  records  for 
Robeson,  Bladen,  and  Lenoir  Counties. 


Figure  1. — Distribution  of  the  alligator  in  the  western  Gulf  Coast  States  and 
adjacent  areas   (Mississippi,  Louisiana,  Texas,  and  Arkansas) 

According  to  Arthur  T.  Wayne,  of  Mount  Pleasant,  S.  C.,  alliga- 
tors occur  in  all  the  lower  fresh- water  rivers  of  South  Carolina  as 
well  as  in  the  inland  rice  reservoirs,  and  ascend  the  Savannah  River 
and  its  tributaries  to  rekch  their  western  limit  in  the  State.  C.  G. 
Turner,  manager  of  the  Combahee  plantation,  located  on  the  Comba- 
hee  River  and  about  4  miles  south  of  Whitehall,  Colleton  County, 
S.  C,  infdrmed  F.  M.  Uhler  of  the  Biological  Survey  that  approxi- 
mately 2,000  alligators  were  killed  for  their  hides  by  one  man  on  that 
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plantation  and  adjacent  marshland  in  1926.  During  1927,  two  col- 
ored laborers  killed  about  200  alligators  in  an  abandoned  2,000-acre 
rice  field  known  as  the  long  view  field  of  the  Combahee  plantation. 
Alligators  were  fairly  abundant  on  this  field  at  the  time  of  Mr. 
Uhler's  visit  on  May  10,  1928.  During  the  same  month  alligators 
were  found  to  be  plentiful  on  the  Willtown  Bluff  plantation,  about 


^s   Abundant 
Dmni    Present 
Scarce 


©       fluthenHo  record 
•      (Alligator  preserve 


Figure  2. — Distribution   of  the   alligator  in   the  eastern   Gulf  and   Atlantic  Coast 
States   (North  Carolina,  South  Carolina,  Georgia,  Florida,  and  Alabama) 

12  miles  southwest  of  Adams  Run,  Charleston  County,  S.  C.  Ap- 
proximately 15  alligators  ranging  from  3  to  8  feet  in  len^h  were 
noted  on  May  11,  1928,  in  one  90-acre  abandoned  rice  field.  In 
former  years  their  center  of  abundance  in  South  Carolina  appears  to 
have  been  in  Hampton  County,  Breekfield  Backwater,  and  the  Recess 
rice  plantation. 

In  southern  Georgia  alligators  have  a  coastal  distribution  and  are 
conmion  throughout  the  Okefenokee  Swamp. 
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In  Florida,  according  to  data  obtained  by  O.  C.  Van  Hyning,  of 
Gainesville,  B.  M.  Kinser  and  E.  J.  Brown,  of  Eustis,  and  by  A.  H. 
Howell,  of  the  Biological  Survey,  alligators  may  be  found  along  the 
whole  coast  line  and  inland,  and  are  especially  numerous  from  Lake 
County  southward,  occurring  abundantly  in  the  Everglades  at  the 
southern  end  of  the  State.  On  the  western  side,  they  are  probably 
most  numerous  in  Leon  and  Jefferson  Counties.  Extreme  western 
Florida  is  characterized  by  rolling  pine  hills,  and  has  no  swampy 
areas  suitable  for  alligators. 

The  following  statement  from  H.  P.  Loding,  of  Mobile,  Ala., 
covers  observations  on  alligators  in  Alabama  over  a  period  of  20 
years: 

The  present  center  of  abundance  will  be  found  in  the  lower  delta  of  Mobile, 
Tensaw,  and  Spanish  Rivers,  the  mouths  of  the  larger  creeks  and  rivers  run- 
ning into  Mobile  Bay,  such  as  Dog,  Fowl,  and  Deer  Rivers,  Clear  Creek,  and 
Fish  River  in  Baldwin  County,  as  well  as  their  marshes  and  bayous.  Thisi 
district  has,  I  believe,  been  their  center  of  abundance  in  Alabama  for  ages. 
In  the  Alabama  and  Tombigbee  Rivers,  we  find  the  northern  limit  in  a  western" 
and  eastern  direction,  respectively.  In  only  four  counties  have  we  personally 
found  the  species:  Mobile,  Baldwin,  Washington,  and  Clarke,  and  only  in  the 
most  southern  part  of  the  latter.  Escambia  County  may  be  included  through 
the  Escambia  River  and  possibly  parts  of  Monroe  County. 

From  our  own  observations  alligators  occur  only  40  or  45  miles  north 
of  Mobile.  A  river  boat  captain  observed  one  180  miles  up  the  Tombigbee 
river  in  Choctaw  County.  P.  H.  Gosse  (18,  p.  34),  in  his  letters  from  Alabama 
published  in  1859  gives  a  good  account  and  I  believe  the  first  authentic  general 
natural  history  of  the  region  at  Kings  Landing  on  the  Alabama  River,  which 
is  about  10  miles  south  of  Selma,  but  does  not  mention  the  alligator. 

The  distribution  of  the  alligator  in  Alabama  and  States  to  the 
east  and  north  is  shown  in  Figure  2. 

In  Mississippi,  according  to  E.  N.  Lowe,  of  University,  Miss.,  alli- 
gators are  practically  limited  to  the  counties  of  the  Mississippi  Delta 
and  to  the  marshes  and  lagoons  of  the  Gulf  coast,  whence  the  hides 
are  marketed  mainly  in  Memphis,  Tenn.,  and  New  Orleans,  La. 
Miss  Fannye  A.  Cook,  of  Crystal  Springs,  Miss.,  has  observed  large 
alligators  (6  to  8  feet  long)  in  the  Mississippi  River  and  adjacent 
swamps  as  far  north  as  15  miles  above  Natchez,  and  says  that  they 
are  of  common  occurrence  in  the  Pearl  River  from  its  mouth  to 
a  point  east  of  Terry  in  Hinds  County.  They  have  been  observed 
also  in  Madison  and  Leake  Counties.  In  1925  a  large  individual 
was  taken  at  Gatesville,  and  in  1926  two  others  were  observed  north 
of  that  place.  Information  obtained  by  Miss  Cook  from  reliable 
sources  indicates  that  a  little  more  than  10  years  ago  alligators  were 
common  in  the  Pearl  River  as  far  north  as  Canton,  and  that  they 
were  always  more  plentiful  in  that  river  than  in  the  Big  Black.  In 
the  Pascagoula  River,  they  occur  as  far  north  as  the  mouths  of  the 
Black  and  Red  Rivers.  In  Bayou  Pierre  they  have  been  reported  as 
far  north  as  Dentville  in  western  Copiah  County. 

In  Louisiana  alligators  are  abundant  in  the  marshes  of  the  coastal 
parishes,  but  appear  to  avoid  areas  where  there  is  too  much  salt 
water.  Information  from  Percy  Viosca,  jr.,  of  New  Orleans,  indi- 
cates that  they  are  fairly  common  above  the  coastal  marshes  in  the 
drainage  of  the  Sabine,  Calcasieu,  Mermentau,  and  Atchafalaya 
Rivers,  and  that  they  occur  more  frequently  in  the  upper  reaches  of 
the  Mississippi  in  Louisiana  than  in  either  the  Ouachita  or  Red 
River  basins. 
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In  1885,  Cragin  (i^,  p.  Ill)  stated  that  alligators  were  reported 
to  have  come  up  the  Arkansas  River  as  far  north  as  Wichita,  in 
Sedgwick  County,  Kans.,  but  that  they  were  undoubtedly  rare  strag- 
glers in  Kansas.  In  recent  years  alligators  have  been  found  from 
time  to  time  in  southeastern  Arkansas,  chiefly  in  the  drainages  of  the 
Mississippi  and  Arkansas  Rivers.  The  following  item  appeared  in 
the  Arkansas  Gazette  of  May  21,  1928: 

An  alligator  which  measured  11  feet  In  length  was  caught  in  the  rear  of 
Mr.  Rorer's  house,  opposite  this  place  (Little  Rock),  on  Tuesday  of  last  week. 
Nine  rifle  balls  were  shot  into  his  eyes  and  other  parts  of  his  head  before  he 
was  overpowered.  These  animals  are  frequently  found  lower  down  the  Arkan- 
sas, but  they  seldom  ascend  the  river  as  high  as  this  place. 

The  present  center  of  abundance  of  the  alligator  in  Texas,  ac- 
cording to  John  K.  Strecker,  of  Baylor  University,  is  in  the  bayou 
counties  in  the  southeastern  corner  of  the  State,  though  in  former 
years  they  were  very  abundant  a  little  farther  north,  chiefly  between 
the  Nueces,  Sabine,  and  Red  Rivers.  Their  northern  limits  in  Texas 
were  reached  by  ascending  the  Red,  Trinity,  and  Brazos  Rivers,  and 
there  are  records  for  Grayson,  Lamar,  and  Bowie  Counties.  The 
most  southwestern  published  record  rests  on  the  statement  of  Mearns, 
that  '' Alligator  mdssissippiensis  Daudin  has  once  been  taken  about 
32  km.  (20  miles)  south  of  Fort  Clark  [Kinney  County],  and  the 
species  is  said  to  exist  in  lagoons  of  the  Rio  Grande  a  short  distance 
to  the  eastward"  (26,  p.  76).  A  specimen  from  Brownsville,  Tex.j 
on  the  Rio  Grande,  recorded  by  Baird  (5,  p,  5),  appears  to  be  the 
most  southern  occurrence  for  the  region  west  of  the  Mississippi 
River.  In  northern  and  central  Texas  the  western  limits  of  the  alli- 
gator's range  fall  short  of  the  one-hundredth  meridian,  the  most 
western  occurrences  being  in  Denton  and  Blanco  Counties.    (Fig.  1.) 

DESCRIPTION  AND  HABITS 

SIZE  AND  GROWTH 

Alligators  of  extraordinary  size  may  not  have  been  uncommon 
when  certain  sections  of  the  South  were  first  colonized  and  even  for 
some  years  afterward,  but  whether  they  ever  attained  the  propor- 
tions given  by  some  of  the  early  writers  is  an  open  question.  While 
visiting  the  present  site  of  New  Orleans  in  1718,  du  Pratz  {15^  v.  2,  p. 
102)  says  that  he  killed  an  alligator  19  feet  long  and  Zy^  feet  in  width 
at  the  widest  part,  and  that  another  one  22  feet  in  length  was  killed  by 
a  friend.  Audubon  (4,  p.  277)^  in  relating  some  of  his  own  field 
experiences,  states  that  he  killed  an  alligator  that  measured  17  feet  in 
length.  "  The  longest  alligator  that  I  ever  saw,"  according  to  J.  D. 
MitcheU,  of  Victoria,  Tex.,^  "  was  17  feet  and  4  inches  long.  He  was 
brought  down  from  the  Lavaca  River  during  a  freshet  and  got  lost 
in  Lavaca  Bay.  This  alligator  was  killed  at  Point  Comfort,  across 
the  bay  from  Port  Lavaca,  Tex."  An  alligator  {23)  that  measured 
more  than  18  feet  in  length  was  killed  in  September,  1897,  on  the 
Santee  River,  S.  C.  Apparently  apprehensions  for  his  personal 
safety  kept  Bart  ram  (^,  p.  126)  from  making  more  than  hasty  excur- 
sions into  Florida  lagoons,  where  alligators  were  fairly  plentiful,  and 
due  allowance  must  be  made  for  his  assertion  that  they  reach  a  length 

»  Manuscript  report  In  the  files  of  the  Bureau  of  Biological  Survey. 
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of  20  to  23  feet.  The  accumulated  testimony  of  travelers  and  natu- 
ralists does  not  support  Bartram's  statement,  and  as  late  as  1876  an 
anonymous  writer  {ly  p.  S4)  says  that — 

The  largest  alligator  killed  in  Florida  for  many  years  was  shot  last  spring  by 
Dr.  De  Marmon,  of  Kingsbridge,  N.  Y.  The  animal  measured  12  feet  6  inches  in 
length  when  spread  on  the  dock.  It  was  6  feet  10  inches  round  the  body,  5 
feet  10  inches  around  the  jaws,  and  weighed  about  700  pounds.  The  head, 
which  is  now  in  the  doctor's  possession,  is  30  inches  long.  It  was  killed  on  the 
Homosassa  River,  about  2  miles  from  Alfred  Jones's  grove. 

According  to  recent  reports  a  large  alligator,  the  length  of  which 
is  estimated  by  experienced  observers  as  16  feet,  was  still  living  in 
1927  in  an  inaccessible  part  of  a  swamp  in  northern  Lake  County, 
Fla.  Allowing  1  foot  total  length  for  each  inch  of  the  distance  be- 
tween the  eyes  and  the  nostrils,  one  can  estimate  the  approximate 
length  of  the  submerged  body,  for  the  alligator  holds  the  top  of 
the  head  at  the  surface  of  the  water  when  floating  or  swimming. 

Beyer  ('/,  p.  Jf6)  in  1900  stated  that  the  largest  alligator  taken  in 
Louisiana  during  the  preceding  20  years  was  killed  in  Bayou 
Lafourche  in  July,  1884,  and  measured  14  feet  9  inches  in  length.  In 
1900  an  alligator  14  feet  long  was  caught  on  a  baited  hook  in  the 
Nueces  Kiver  above  Corpus  Christi,  Tex.,  by  Vernon  Bailey  of  tliQ 
Bureau  of  Biological  Survey.  On  the  other  hand,  it  is  learned  that 
before  1850,  15-foot  alligators  were  fairly  common  in  some  parts  of 
the  South,  but  shortly  afterwards  the  dictates  of  fashion  resulted  in 
the  slaughter  of  thousands  of  these  animals  to  supply  the  demand  for 
shoe  material,  traveling  bags,  music  rolls,  and  the  like.  Few  alliga- 
tors as  long  as  12  feet  are  to  be  found  alive  to-day. 

In  captivity,  when  kept  under  favorable  conditions  in  water  the 
temperature  of  which  is  maintained  at  about  90°  F.,  the  alligator 
will  grow,  according  to  measurements  taken  by  Ditmars  {13^  f. 
86-86)  in  the  Ncav  York  Zoological  Park,  at  the  rate  of  about  1  foot 
a  year  for  the  first  10  years.  Under  favorable  conditions  in  nature 
the  rate  of  growth  may  be  more  rapid,  and  conversely  under  unfavor- 
able conditions  growth  may  be  extremely  slow. 

At  the  time  of  hatching,  the  young  are  about  8  inches  long  and 
weigh  less  than  2  ounces.  One  year  after  hatching  they  average  18 
inches  in  length  and  less  than  10  ounces  in  weight.  Records  kept  for 
three  series  of  alligators  in  the  New  York  Zoological  Park  furnished 
the  basis  for  the  figures  in  Table  1  (4^,  p.  3Si^335)  by  Ditmars  of 
the  rate  of  growth  by  alligators : 

Table  1. — Rate  of  ffrowth  of  alligators 


Age 

Length 

Weight 

Age 

Length 

Weight 

On  hatching.. 

8  inches. 

Less     than     2 

6  feet  11  inches.. 

ounces. 

9  years 

8  feet  2  inches. -- 

lyear 

1  foot  6  inches... 

Less     than     10 

10  years 

9  feet  3  inches. -. 

ounces. 

11  years 

10  feet  11  inches. 

2  years 

2  feet  2  inches... 

3  pounds. 

12  years 

11  feet  3  inches.. 

3  years 

3  feet  1  inch 

15  pounds. 

13  years 

11  feet  5  inches.. 

4  years 

4  feet  Oinclies... 

14  years 

11  feet  8  inches.. 

5  years 

4  feet  10  inches.. 

15  years 

12  feet  0  inches.. 

650  pounds,  esti- 

6 years 

6  feet  4  inches... 

50  pounds. 

mated. 

7  years 

6  feet  2  inches... 

HABITS  AND  ECONOMIC   IMPORTANCE   OF  ALLIGATORS  9 

Leech  (^4,  P-  ^^4)  writes  that  an  alligator  11  feet  8  inches  in 
length,  killed  in  Blue  Creek,  18  miles  southeast  of  El  Campo,  Whar- 
ton County,  Tex.,  weighed  185  pounds.  Males  attain  larger  size 
than  females. 

Alligators  probably  reach  sexual  maturity  at  from  4  to  6  years  of 
age.  One  kept  in  the  London  Zoological  Gardens  lived  34  years 
10  months  and  27  days,  and  another  lived  for  40  years  in  the  Brighton 
aquarium,  according  to  Flower  (17,  p.  938), 

STRUCTURAL  PECULLIRITIES 

Immature  alligators  are  protected  more  or  less  effectively  by  their 
habitat  and  by  their  dermal  armor.  The  body,  tail,  and  limbs  are 
incased  in  a  tough  integument  divided  into  quadrangular  figures  bv 
deep  longitudinal  and  transverse  furrows.  The  back  is  covered  witn 
rows  of  osseous  integumentary  plates,  or  scutes,  each  of  which  is 
surmounted  by  a  higli,  sharp  ridge.  The  adults  have  few,  if  any, 
natural  enemies  except  man. 

The  alligator  has  no  lips,  and  its  teeth,  especially  those  in  the  lower 
jaw,  are  naked  and  prominent,  even  when  the  mouth  is  shut.  The 
teeth  are  conical,  lack  roots,  are  hollowed  out  at  the  base,  and  when 
lost  are  replaced.  The  alligator  is  truly  tongue-tied,  for  the  flabby, 
wrinkled  tongue  is  adherent  for  most  of  its  length.  The  posterior 
portion  of  the  tongue  can  be  thrown  up  against  the  roof  of  the  mouth, 
just  in  front  of  the  palatine  arches,  to  function  as  a  valve,  completely 
closing  the  passage  to  the  pharynx  when  the  mouth  is  opened  wide. 

The  eyes,  which  may  remain  open  even  during  apparent  sleep,  are 
prominent  but  not  protruding  and  have  vertical  slitlike  pupils. 
There  are  both  upper  and  lower  eyelids,  and  the  eyes  are  further  pro- 
tected under  water  by  a  dense,  semitransparent  nictitating  membrane. 

The  shape  of  the  head  is  the  most  constant  external  difference  be- 
tween the  alligator  and  the  crocodile  (27),  the  former  having  a  very 
broad  snout.  The  following  technical  description  will  distinguish 
the  skull  of  the  alligator  from  that  of  related  genera : 

The  skull  is  broad  and  flat,  with  small  supratemporal  fenestrae; 
snout  broad,  with  bluntly  rounded  extremity;  external  narial  aper- 
ture divided  mediallv  by  a  bony  septum,  which  is  formed  by  a  pair 
of  anteriorly  directed  processes  of  the  nasals  and  posteriorly  directed 
processes  of  the  premaxillary  bones ;  17  to  20  teeth  in  each  upper  jaw  ; 
18  to  20  teeth  in  each  lower  jaw;  a  pit  in  each  upper  jaw  for  accom- 
modation of  the  fourth  manibular  tooth ;  lachrymals  separated  from 
nasals  by  greatly  elongated  anterior  processes  of  prefontals;  maxil- 
laries  in  contact  with  prefrontals ;  quadratojugal  lacks  sharp  anterior 
process. 

Whether  progression  in  water  be  leisurely  or  hurried,  the  powerful 
tail  furnishes  the  necessary  motive  power.  During  caudal  propulsion 
the  legs  are  held  close  to  the  body  so  as  not  to  impede  progress.  Alli- 
gators can  swim  for  considerable  distances  faster  than  a  man  can 
paddle  a  canoe.  Their  agility  in  the  water  is  quite  remarkable,  as 
anyone  will  bear  witness  after  observing  one  of  them  swerve  from  side 
to  side,  turn  abruptly,  or  shoot  ahead  in  a  short  spurt  in  pursuit  of  a 
fish.  When  disturbed  in  the  water,  an  alligator  will  sink  to  the 
60452"— 20 2 
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bottom  and  remain  there  for  some  time.  Better  adapted  for  an 
aquatic  than  for  a  terrestrial  mode  of  life,  an  alligator  when  surprised 
basking  in  the  sun  is  very  awkward  in  its  movements,  plunging  head- 
long toward  the  water ;  they  are  a  decided  contrast  to  the  ease  with 
which  it  dives  out  of  sight.  The  weight  of  the  body  and  the  short- 
ness of  the  limbs  increase  the  alligator's  difficulties  on  land. 

The  jaws  and  the  tail  of  an  alligator  6  feet  or  more  in  length  are 
formidable  weapons  and  may  be  employed  simultaneously.  Unable 
to  turn  its  head  upon  the  short  thick  neck  to  any  appreciable  extent, 
the  animal  bends  the  whole  body  like  a  bow  and,  while  reaching  for 
the  victim  with  its  jaws,  sweeps  the  tail  forward  with  surprising 
force.  Sweet  (38)  records  that  a  supposedly  dead  alligator  9  or  10 
feet  in  length  once  snapped  its  tail  against  a  man  weighing  about  200 
pounds,  breaking  one  of  the  victim's  legs  and  throwing  him  several 
feet.  The  man  was  picked  up  unconscious.  Experienced  hunters 
affirm  that  a  blow  from  the  tail  of  a  large  alligator  will  break  the 
trunk  of  a  tree  several  inches  in  diameter. 

VOICE 

The  male  alligator  is  unique  among  reptiles  in  being  able  to  pro- 
duce a  loud  noise  or  bellow  that  may  be  heard  at  a  distance  of  a  mile 
or  more.  On  cloudy  days  or  evenings  of  spring  and  early  summer 
the  bellowing  of  these  creatures  is  most  surprising  to  one  unaccus- 
tomed to  it.  Even  if  one  disregards  obvious  embellishments  of  the 
ideas  that  Brickell  and  Bartram  (8,  6)  have  wished  to  convey,  it 
is  nevertheless  plain  that  both  these  men  were  greatly  impressed  by 
the  incredible  loudness  of  the  call.  Opinions  differ  as  to  the  pur- 
pose of  the  raucous  bellow  of  an  old  bull  alligator,  some  considering 
it  a  challenge  or  a  warning  to  near-by  bulls,  and  others  a  call  to 
attract  the  attention  of  females.  At  the  time  of  bellowing  fine  jets 
of  a  musky-smelling  fluid  are  ejected  from  glands  on  the  chin  of  the 
male,  and  this  ejection  is  commonly  associated  with  the  period  of 
courtship.  The  voice  of  the  female  is  less  tremulous,  and  that  of  the 
young  may  be  described  as  a  weak  grunt,  which  is  readily  imitated 
by  hunters  who  wish  to  lure  the  reptiles  from  their  hiding  places. 
When  alligators  in  captivity  are  annoyed  they  show  their  displeasure 
by  taking  deep  inspirations,  inflating  their  bodies  beyond  their  usual 
proportions,  and  discharging  the  air  through  the  throat  with  a  hiss- 
ing bellow  that  may  be  repeated  several  times  a  minute. 

WINTER  HABITS 

Alligators  are  heat-loving  saurians  and  are  rarely  seen  in  cool 
weather.  At  the  approach  of  winter  they  take  refuge  in  some  deep 
pool  or  else  burrow  into  the  mud  and  remain  dormant  until  spring. 

As  far  north  as  central  Florida  and  southern  Louisiana  they  do 
not  appear  to  hibernate  all  through  the  winter  and,  while  less  active 
than  during  the  warmer  months,  may  be  seen  occasionally  on  warm 
days  throughout  the  winter.  After  the  weather  becomes  warm 
enough  to  draw  them  from  their  winter  quarters,  they  are  torpid  or 
sluggish  for  the  first  few  days.  During  sultry  days  of  May  and 
June  they  may  be  seen  basking  in  the  sun  along  the  sandy  shores  of 
lakes  and  streams,  but  they  are  most  active  during  the  hot  days  of 
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July  and  August.  When  not  disturbed  alligators  are  fond  of  sun- 
ning themselves,  but  their  presence  in  localities  where  they  are  re- 
lentlessly sought  after  by  hide  hunters  is  more  often  revealed  only 
by  a  snout  protruding  here  and  there  above  the  surface  of  some 
stream  or  lagoon. 

Through  the  cold  weather  of  winter  adult  alligators  sleep  buried 
in  the  mud,  although  the  younger  ones  in  mild  winters  move  about  to 
some  extent.  When  a  cold  spell  catches  them  away  from  their  dens, 
they  lie  in  a  torpid  condition  as  long  as  the  low  temperature  prevails. 
Alligators  thus  unable  to  move  have  been  found  on  the  edge  of  their 
dens,  on  banks  near  water,  or  in  shallow  water.  An  interesting  ac- 
count of  the  alligator's  habits  during  the  winter  months  is  contained 
in  a  manuscript  report  of  the  late  J.  D.  Mitchell.  His  observations 
were;  made  during  Christmas  week  of  the  mild  winter  of  1893-94  on 
a  body  of  water  Known  as  Traylors  Lake,  covering  about  500  acres 
in  the  Guadalupe  River  Valley  about  12  miles  below  the  town  of 
Victoria,  Tex.  This  lake  had  an  average  depth  of  about  4  feet  and 
was  normally  filled  by  overflows  from  the  river.  Mitchell  prefaces 
his  account  by  saying  that  the  years  of  1892  and  1893  had  been  dry 
in  southern  Texas  and  the  sloughs  and  ponds  had  not  been  filled  by 
the  usual  overflow  from  rivers.  All  natural  water  holes  with  the 
exception  of  running  creeks  and  rivers  had  dried  up. 

From  a  bluff  Mitchell  saw  that  the  lake  was  dry,  except  for  two 
small  adjoining  patches  of  about  10  acres  each  near  the  east  side 
that  were  covered  by  a  slight  scum  of  water.  The  weather  was  warm 
and  the  sun  was  shining.  Alligator  gars  (Lepisosteios  platostonwbs) 
and  turtles  appeared  to  be  the  sole  inhabitants  of  the  first  pool,  and 
alligators  of  the  second,  the  two  having  apparently  separated  by 
mutual  consent.  Mitchell  estimated  that  there  were  at  least  1,000 
alligators  in  the  second  pond,  and  among  them  was  a  particularly 
large  one  afterwards  found  to  measure  15  feet  2  inches  in  length. 

Arrangements  made  with  some  friends  to  assist  him  in  the  capture 
of  this  large  alligator  were  interfered  with  by  a  cold  norther  coming 
up  in  the  night  with  a  little  rain  and  promise  for  bad  weather  the 
next  day.  On  again  reaching  the  bluff,  Mitchell  remarked  that  the 
scene  had  changed.  The  alligator  gars  and  the  turtles  were  quiet, 
and  the  alligators  had  buried  themselves  in  the  mud,  "the  places 
where  the  larger  ones  had  gone  down  were  marked  by  small  mounds, 
which  looked  like  graves,  the  mud  being  pushed  up  through  the  thin 
film  of  water."    The  soft  liquid  mud  was  fully  waist  deep. 

MIGRATORY  HABITS 

Alligators  sometimes  wander  for  considerable  distances  over  dry 
land,  possibly  journeying  from  pond  to  pond,  and  they  are  occa- 
sionally observed  crossing  dusty  roads  in  sparsely  settled  areas.  In 
some  sections  of  Florida  {10)  they  are  said  to  be  found  occasionally 
during  early  summer  partially  buried  in  the  warm  sand  of  public 
highways  near  lakes  and  rivers.  Holbrook  (22^  /?.  56)  is  autnority 
for  the  statement  that — 

such  alligators  as  dwell  in  ponds  and  streams  out  of  the  influence  of  tidewater 
wander  much  farther  from  the  banks  and  are  not  infrequently  seen  a  mile  or 
more  from  water;  this  happens,  however,  most  commonly  when  they  migrate 
for  some  reason  or  other  from  one  pool  to  another. 
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Old  settlers  say  that  alligators  were  once  abundant  as  far  west  as 
the  sources  of  the  Brazos  Kiver  in  Texas.  There  is  an  Indian  legend, 
recorded  by  Strecker  (37,  p.  7),  to  the  effect  that  large  numbers  of 
these  reptiles  were  driven  out  of  northwestern  Texas  by  long-con- 
tinued drought  and  that  they  came  overland  in  immense  droves 
headed  in  the  general  direction  of  the  Gulf  coast,  but  Mr.  Strecker 
considers  that  this  legend  may  refer  to  the  large  tiger  salamander 
{Amhy stoma  tigrinum)^  the  habits  of  which  were  misunderstood  by 
the  aborigines. 
J.  D.  Mitchell  *  observes : 

*  *  *  should  the  lake  or  creek  residence  dry  up,  which  sometimes  happens, 
the  alligator  retires  to  his  den,  and  should  that  fail  he  will  travel  a  long  dis- 
tance in  search  of  water.  Several  times  during  long  droughts,  I  have  found 
them  in  a  cow  trail  in  the  prairie,  several  miles  from  water,  lumbering  along, 
with  their  heads  pointing  toward  water.  Those  I  met  made  little  resistance, 
and  all  were  under  7  feet  in  length.  An  old  breeding  female  usually  provides 
herself  with  a  den  big  enough  and  deep  enough  to  carry  her  through  an  ordinary 
drought. 

BREEDING  SEASON  AND  NEST 

One  would  infer  from  the  literature  that  the  observations  indicated 
a  late  mating  season,  and  yet  Arthur  (^,  p.  174--176)  has  ascertained 
that  in  Louisiana,  at  least,  the  alligators  mate  in  the  latter  part  of 
February  or  early  in  March,  depending  upon  the  prevailing  weather 
and  the  preceding  winter.  The  period  of  copulation,  however,  is 
rather  protracted,  extending  through  March  and  April  until  some 
time  in  May.  In  Florida  and  along  the  Atlantic  coast,  the  breed- 
ing season  is  said  to  extend  from  May  until  July,  varying  in  length 
according  to  locality.  During  the  breeding  season  the  males  are 
especially  active  and  travel  considerable  distances.  Exceptionally 
noisy  and  quarrelsome  at  this  time,  they  participate  in  fierce  battles 
with  rivals  and  not  infrequently  suffer  the  loss  of  a  limb  or  some 
less  serious  mutilation.  One  forefoot  of  a  ll-foot  8-inch  alligator 
taken  in  Texas  was  entirely  gone. 

Some  native  hunters  state  that  the  egg-laying  season  continues 
from  January  to  September,  but  others  consider  June  the  favorite 
month.  Nests  may  be  found  in  small  numbers  before  June,  but  it 
is  quite  certain  that  the  females  wait  until  climatic  conditions  are 
favorable  before  laying  the  eggs,  for  during  prolonged  drought  the 
swamps  are  dried  up  and  the  alligator  holes  are  reduced  to  mere 
puddles.  Usually  dry  weather  will  retard  laying,  and  the  eggs  are 
not  deposited  until  after  the  occurrence  of  heavy  rains. 

A  slight  elevation  near  the  hole  prepared  by  the  female  is  usually 
selected  as  the  site  for  the  nest,  although  in  large  swamps  suitable 
places  may  be  at  a  considerable  distance  from  their  place  of  refuge. 
The  female  apparently  constructs  the  nests  without  assistance  from 
the  male.  Dead  leaves  and  twigs,  bulrush,  cat-tails,  saw  grass,  and 
other  marsh  plants,  together  with  quantities  of  humus,  are  scraped 
together  into  a  low  mound,  which  may  be  3  feet  in  height  and  8 
feet  in  diameter  at  the  base.  The  eggs  are  laid  near  the  top  of  the 
nest,  usually  within  8  inches  of  the  surface  and  often  four  or  five 
layers  deep,  and  each  layer  is  generally  separated  from  those  above 
and  below  by  vegetation.    The  number  of  eggs  found  in  these  nests 

*  Mitchell,  J.  D.    Manuscript  report  i»  the  files  of  the  Bureau  of  Biological  Survey, 
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varies  from  20  to  60.  The  eggs  are  from  2  to  3^^  inches  in  length 
(11). 

Although  it  is  generally  accepted  that  the  adults  do  not  show  any 
special  consideration  for  the  young  after  they  are  hatched,  it  would 
appear  from  the  narrative  of  Bartram  (6,  p.  12Jf-125)  and  the  life- 
history  notes  published  by  Arthur  (^,  p.  180)  that  such  may  not 
always  be  the  case. 

In  reporting  on  the  habits  of  the  alligator  in  Texas,  Mitchell** 
found  that  the  female  adapts  herself  to  surroundings  and  uses  such 
material  as  she  finds  convenient.  The  following  are  abstracts  from 
observations  on  the  nests  of  alligators  in  Mitchell's  manuscript 
report : 

A  nest  that  was  found  near  Cox  Creek,  Jackson  County,  in  the  prairie 
region,  among  some  short  live-oak  runners,  contained  32  eggs  and  was  composed 
of  grass,  dried  cow  chips,  and  live-oak  twigs    *     ♦     ♦. 

Another  nest  containing  40  eggs,  located  on  a  low  place  in  the  Navidad 
Bottom,  Jackson  County,  was  composed  of  dead  moss  and  leaves  mixed  or 
plastered  together  with  mud,  the  outside  being  protected  with  sticks  ranging 
from  the  size  of  one's  finger  to  3  inches  in  diameter,  and  from  2  to  6  feet  in 
length.  This  nest  resembled*  natural  drift  so  closely  that  it  would  readily 
escape  the  casual  observer.    *    ♦    * 

A  third  nest  found  in  the  marsh  region  near  the  mouth  of  the  Guadalupe 
River,  where  only  saw-toothed  rushes  (Cladium)  and  bulrushes  (Scirpus) 
were  available,  was  composed  of  material  of  this  sort,  cemented  together  with 
mud  to  retain  the  moisture.  Freak  nests  are  sometimes  built  by  female  alli- 
gators. A  nest  of  this  sort  was  found  among  saw-toothed  rushes  and  bul- 
rushes in  a  marsh  in  the  valley  of  the  Guadalupe  Biver,  fully  50  yards  from 
land  and  in  knee-deep  water.  The  female  had  collected  rushes  and  matted 
them  down  until  she  had  built  a  platform  14  feet  in  diameter,  which  not  only 
was  elevated  above  the  surface  of  the  water  but  also  was  strong  enough  to 
bear  her  weight.  In  the  middle  of  this  platform  she  built  her  nest  out  of 
rushes  and  mud.  Two  other  nests  constructed  in  the  same  manner,  but  in 
different  marshes  near  the  Garcitas  River,  Victoria  County,  were  somewhat 
smaller  than  the  one  found  in  the  Guadalupe  River    ♦     ♦     ♦. 

The  nest  is  usually  built  as  near  the  mother  alligator's  den  as  possible, 
generally  within  20  feet,  provided  a  suitable  location  can  be  found.  Average 
outside  measurements  indicate  that  the  nest  is  generally  about  4  feet  in 
diameter  at  the  base  and  usually  pyramidal  in  shape ;  the  cavity  containing  the 
eggs  is  about  1  foot  in  diameter  and  rather  smooth  on  the  inside.  When  the 
nest  is  nearly  completed,  the  female  alligator  deposits  her  eggs,  dropping  them 
from  the  top.  Eggs  are  frequently  found  in  the  lower  part  of  the  nest  that 
are  indented  or  slightly  crushed  from  falling  on  the  first  ones  laid,  but  such 
accidents  do  not  prevent  them  from  hatching,  if  the  tough  inside  lining  has 
not  been  ruptured.  Live  embryos  have  been  found  in  indented  and  crushed 
eggs.  My  observations  lead  me  to  believe  that  all  the  eggs  are  deposited  at 
one  time.  In  finishing  the  nest  a  small  spiral  passage  located  at  the  top  and 
invisible  from  the  outside  is  left  open  for  the  young  to  escape.  The  prevailing 
idea  tuat  the  mother  destroys  the  nest  to  let  the  young  escape  is  erroneous.  I 
have  seen  dozens  of  nests  from  which  the  young  had  escaped  and  the  small  hole 
in  the  top  was  the  only  opening.  •  *  ♦  Thirty  eggs  was  the  smallest 
clutch  and  60  the  largest  that  I  ever  saw  taken  from  one  nest    *     ♦     *. 

When  the  newly  hatched  alligators  emerge  from  the  nest,  they  instinctively 
start  for  water,  squealing  or  grunting.  The  mother  on  watch  calls  them  to 
her  den,  which  then  becomes  their  home  until  they  can  take  care  of  themselves. 

In  general  it  may  be  said  that  under  natural  conditions  the  eggs 
of  alligators  are  deposited  and  hatched  in  masses  of  decaying  vegeta- 
tion, chiefly  the  marsh  grass  and  cat-tails  used  in  the  construction  of 
the  nest.  In  building  the  nest  the  alligator  piles  the  vegetable  mate- 
rial into  a  rounded  heap  and  mats  it  down  by  crawling  over  it.     In 

•  Manuscript  report  in  the  files  of  the  Bureau  of  Biological  Survey. 
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fermenting  and  decomposing  this  pile  of  vegetation  produces  suffi- 
cient heat  to  incubate  and  hatch  the  eggs.  Moisture  is  necessary,  as 
the  porous  shell  allows  such  rapid  evaporation  that  the  embryos 
would  be  killed  if  the  eggs  were  allowed  to  dry.  The  complete  pro- 
cess of  incubation  extends  over  a  period  of  about  eight  weeks. 

The  following  statement  taken  from  a  report  by  Arthur  {3,  p.  178) 
is  of  especial  interest  in  this  connection : 

Our  observations  tend  to  show  that  a  5-foot  alligator  will  lay  about  25  eggs ; 
a  6-footer  will  lay  about  35  eggs;  and  a  7-footer  will  lay  up  to  40  eggs;  this 
seems  to  be  the  maximum  number  laid,  although  a  trapper  in  the  Atchafalaya 
River  country  reports  having  taken  72  eggs  from  one  nest  on  a  small  island 
in  the  river. 

The  precise  period  of  incubation  has  not  been  w^orked  out.  Our  figures  show 
that  a  nest  was  first  observed  July  5,  when  the  eggs  had  not  been  laid  more 
than  a  few  days;  the. hatching  commenced  September  7,  making  the  incubation 
period  about  nine  weeks.  Eggs  taken  from  the  nest  and  hatched  away  from  the 
place  where  laid  take  longer.  The  percentage  of  fertile  eggs  is  as  a  rule 
very  high,  most  of  the  infertile  eggs  being  found  in  the  nests  of  the  5  and  6 
footers. 

SUBTERRANEAN  CAVES 

In  the  habitat  of  the  alligator,  throughout  the  sloughs  or  marshes 
filled  with  rank  growths  of  waterlilies,  saw  grass,  or  other  aquatic 
plants,  narrow  and  winding  trails  lead  off  in  every  direction  through 
the  grass  and  flags  and  usually  end  in  a  "gator  hole."  A  typical 
hole  {30^  p.  11-13)  is  rarely  more  than  a  few  yards  in  diameter,  but 
under  one  of  the  banks  and  below  the  surface  of  the  water  is  an  en- 
trance to  a  large  subterranean  cave,  which  is  excavated  backward  at 
almost  right  angles  to  the  sides  and  may  be  15  or  20  feet  in  length. 
Alligators  are  becoming  quite  wary  and  quickly  take  refuge  in  their 
caves  at  the  approach  of  a  hunter.  Although  available  data  are 
conflicting,  it  is  possible  that  such  caves  as  are  not  completely  filled 
with  water  are  used  for  winter  retreats.  A  female  alligator  9  feet 
in  length  occupied  a  hole  in  Aguilar  Creek,  Keeran's  Eanch,  Victoria 
County,  Tex.,  for  several  years.  She  had  a  dry  den  under  the  bank 
to  which  she  retired  when  disturbed.  The  pool  of  water  in  the  creek 
bed  was  about  5  feet  wide  and  15  feet  long. 

Local  conditions,  particularly  the  natural  water  level,  undoubtedly 
determine  the  type  of  these  subterranean  caves.  In  some  regions  they 
are  said  to  be  excavated  to  a  depth  of  15  or  20  feet,  and  elsewhere  are 
said  to  end  about  the  water  level.  John  Brickell,  one  of  the  earliest 
writers  on  natural  history  in  the  South,  stated  in  1737  {8^  p.  133- 

m): 

*  *  *  they  make  their  dwellings  in  the  banks  on  the  river  sides,  a  great 
way  under  ground,  the  entrance  whereof  is  generally  two  or  three  feet  under 
water,  which  rises  gradually  as  they  burrow  under  ground,  'till  it  rises  con- 
siderably above  the  surface  of  the  water,  where  they  lie  dry  all  the  winter, 
at  which  season  they  never  appear  abroad,  but  as  it  is  supposed,  sleep  all  that 
time  without  any  manner  of  provision,  which  some  report  to  be  the  space  of 
three  score  days. 

ALLIGATOR  HUNTING 

Alligators  are  generally  sought  at  night  by  one  or  more  hunters 
using  a  skiff  or  other  easily  maneuvered  boat,  with  some  sort  of  a 
li^ht  in  the  prow.  A  bull's-eye  carbide  light,  an  oil  lamp,  or  even  a 
pine  knot,  may  be  employed  to  shine  into  the  alligator's  eyes  to  locate 
the  animal.    The  hunter  tries  to  get  within  50  feet,  or  even  closer  if 
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possible,  and  then  shoots  the  victim  between  the  eyes  with  a  small- 
caliber  rifle  or  with  a  shotgun  loaded  with  heavy  shot.  At  close  range 
the  top  of  the  animal's  head  is  sometimes  blown  off.  Experienced 
alligator  hunters  are  skillful  in  their  work,  and  in  Louisiana,  at  least, 
they  may  take  three  dozen  or  more  of  the  animals  in  the  course  of  a 
night.     (PL  2,  A.) 

Various  tactics  have  been  employed  by  hunters  to  bring  the  alliga- 
tor from  its  subterranean  retreats.  A  most  interesting  method  is 
described  by  Brimley  (9)  who  says: 

♦  *  *  the  party  looking  for  them  searched  around  the  edge  of  the  marsh 
or  of  an  island  until  a  place  was  found  where  it  was  evident  from  the  muddy 
water  that  an  alligator  had  gone  into  his  hole.  One  man  with  a  fish  gig  there- 
upon probed  about  through  the  surface  layer  of  roots  and  grass  until  he  found 
the  alligator's  body,  when  he  stuck  in  the  gig  and  held  on.  A  second  man  with 
a  spade  then  dug  a  hole  through  the  marsh  as  near  as  was  convenient,  making 
sure,  of  course,  of  digging  into  the  alligator's  run.  A  pole  was  then  procured 
and  the  animal  prodded  with  it  until  he  not  only  bit  but  held  on.  He  was  then 
dragged  to  the  surface  until  suflicient  of  his  head  was  visible  to  allow  the  man 
with  the  rifle  to  finish  him  with  a  bullet  through  the  brain. 

In  many  cases  the  hole  or  cave  that  serves  as  a  refuge  is  so  far  be- 
low the  water  level  that  it  would  be  impracticable  to  reach  the  animal 
by  digging.  Under  such  conditions  a  pole  is  employed,  and  to  one 
end  of  it  is  attached  either  a  strong  hook  or  a  wire  noose  to  bring  the 
alligator  to  the  surface,  where  it  can  be  killed  with  an  ax  or  shot.  A 
flexible  pole,  usually  about  16  feet  long  and  tipped  with  an  iron  hook, 
is  used  by  hunters  in  some  parts  of  Louisiana.  Old  individuals  gen- 
erally frequent  some  deep  cave  in  the  bank  of  a  small  pool  or  a  deep 
hole  in  some  stream,  but  not  infrequently  they  have  to  make  the  best 
of  whatever  refuge  they  can  find. 

An  instance  of  this  sort  is  described  in  a  letter  from  J.  D.  Mitchell, 
who  while  visiting  the  Keeran  Ranch  in  the  eastern  part  of  Victoria 
County,  Tex.,  dunng  July,  1920,  was  informed  that  a  9-foot  alligator 
had  laid  its  eggs  in  a  nest  built  in  a  marsh  about  10  miles  distant. 
This  nestj  said  Mr.  Mitchell — 

♦  *  *  was  made  of  grass,  scratched  and  scraped  from  a  circular  area ;  the 
site  was  about  6  inches  above  the  water  and  only  a  few  feet  from  the  edge  of  a 
hole  used  by  the  alligator  as  a  den.  This  hole  was  about  4  feet  deep,  and 
extended  10  or  12  feet  in  the  marsh  under  the  cat-tails.  Mr.  Webb  cut  a  long 
ash  pole,  to  one  end  of  which  he  attached  a  noose  made  of  a  large  copper  wire, 
and  after  probing  around  for  about  half  an  hour  he  slipped  the  wire  noose  over 
the  head  of  the  alligator.  A  strong  rope  was  slipped  over  the  pole  and  the 
copper  wire  before  he  persuaded  the  alligator  to  come  to  the  surface  and  put 
its  head  in  the  rope  noose.     When  this  rope  was  drawn  tight,  the  alligator 

♦  ♦  ♦  rolling,  floundering,  and  snapping  ♦  ♦  »  was  easily  dragged  out  to 
open  ground  and  killed. 

The  following  description  of  methods  employed  by  alligator  hunt- 
ers is  given  by  Wright  (4-/,  p.  1S7)  in  his  account  of  the  alligator  in 
the  Okefenokee  Swamj^: 

The  methods  of  hunting  the  alligator,  as  practiced  by  the  ♦  ♦  *  inhabitants 
of  the  region,  consist  mainly  of  going  out  at  night  in  small  boats  and  locating 
the  animals  by  means  of  a  lamp  fastened  to  the  head  of  one  hunter  in  the  bow 
of  the  boat.  Another  hunter  in  the  stern  paddles  or  poles  and  uses  the  sharp 
end  of  the  push  pole  to  '"stick  "  the  body  after  the  animal  has  been  shot  and 
has  sunk  to  the  bottom.  According  to  these  hunters,  who  every  year  take  out  a 
large  number  of  skins,  the  eyes  of  the  small  alligators  appear  red  by  the  light 
thus  used,  while  those  of  the  large  specimens  are  yellow.  The  hunter  carrying 
the  light  swings  his  head  from  side  to  side  through  an  arc  of  180  degrees,  and 
when  an  alligator  is  sighted  shoots  it  by  the  light  of  the  lamp  on  his  head.    The 


16  TECHNICAL  BULLETIN   14  7,  U.  S.  DEPT.  OF  AGRICULTUKE 

common  supposition  that  the  skin  of  an  alligator  will  turn  the  bullet  of  a  gun 
is,  of  course,  unfounded.  Since,  however,  only  the  head  of  the  animal  is  usually- 
exposed  when  it  is  in  the  water,  they  are  commonly  shot  through  the  eyes.  The 
hunters  generally  use  a  shotgun  loaded  with  buckshot.  That  a  large  number  of 
alligators  are  annually  secured  in  this  manner  is  evidenced  by  the  fact  that  the 
fields  *  *  *  are  strewn  with  the  skeletons  and  dorsal  strips  of  skin  which 
have  been  thrown  away  after  each  expedition.  Only  the  ventral  part  of  the 
skin  is  saved,  the  upper  portions  being  too  thick  and  spiny  to  admit  of  the 
primitive  methods  of  tanning,  and  therefore  the  crest  and  dorsal  scales  are  not 
retained. 

ANNUAL  CATCH  OF  ALLIGATORS 

Alligator  hides  have  been  used  for  one  purpose  or  another  in  the 
United  States  since  about  1800.  It  was  not  until  about  1855,  accord- 
ing to  Stevenson  {36,  p.  3JfS-345),  that  the  use  of  alligator  leather 
became  fashionable  and  then  only  for  a  short  period.  Neverthelf^^s, 
the  following  quotation  from  an  article  by  Audubon  {Jf,  p.  271)  indi- 
cates that  alligators  were  killed  in  large  numbers  at  a  much  earlier 
date: 

In  Louisiana,  all  our  lagoons,  bayous,  creeks,  ponds,  lakes,  and  rivers,  are 
well  stocked  with  them, — they  are  found  wherever  there  is  a  sufficient  quantity 
of  water  to  hide  them,  or  to  furnish  them  with  food,  and  they  continue  thus, 
in  great  numbers,  as  high  as  the  mouth  of  the  Arkansas  River,  extending  east 
to  North  Carolina,  and  as  far  west  as  I  have  penetrated.  On  the  Red  River, 
before  it  was  navigated  by  steam-vessels,  they  were  so  extremely  abundant, 
that,  to  see  hundreds  at  a  sight  along  the  shores,  or  on  the  immense  rafts  of 
floating  or  stranded  timber,  was  quite  a  common  occurrence,  the  smaller  on  the 
backs  of  the  larger,  groaning  and  uttering  their  bellowing  noise,  like  thousands 
of  irritated  bulls  about  to  meet  in  fight,  but  all  so  careless  of  man,  that  unless 
shot  at,  or  positively  disturbed,  they  remained  motionless,  suffering  boats  or 
canoes  to  pass  within  a  few  yards  of  them,  without  noticing  them  in  the  least. 
The  shores  are  yet  trampled  by  them  in  such  a  manner,  that  their  large  tracks 
are  seen  as  plentiful  as  those  of  sheep  in  a  fold.  It  was  on  that  river  particu- 
larly that  thousands  of  the  largest  size  were  killed,  when  the  mania  of  having 
either  shoes,  boots,  or  saddle-seats,  made  of  their  hides,  lasted.  It  had  become 
an  article  of  trade,  and  many  of  the  squatters  and  strolling  Indians  followed 
for  a  time  no  other  business.  The  discovery  that  the  skins  are  not  sufficiently 
firm  and  close-grained,  to  prevent  water  or  dampness  long,  put  a  stop  to  their 
general  destruction,  which  had  already  become  very  apparent.  The  leather 
prepared  from  these  skins  was  handsome  and  very  pliant,  exhibiting  all  the 
regular  lozenges  of  the  scales,  and  able  to  receive  the  highest  degree  of  polish 
and  finishing. 

Alligator  hides  were  extensively  used  during  the  Civil  War,  and 
many  thousands  of  these  reptiles  were  slaughtered  to  supply  shoe 
material.  Smith  (^J,  p.  3Jf3)  estimated  that  not  less  than  2,500,000 
alligators  had  been  killed  in  Florida  alone  between  1800  and  1891. 
A  good  market  was  developed  for  hides  of  alligators  about  1870, 
and  as  late  as  1902  Stevenson  reported  that  the  output  of  the  tan- 
neries of  the  United  States  approximated  280,000  skins  annually, 
worth  about  $420,000,  and  that  about  half  of  these  were  furnished  by 
Mexico  and  Central  America.^  At  that  time  it  was  estimated  that 
Florida  supplied  22  per  cent  and  Louisiana  20  per  cent  of  the  total 
280,000  skins  used  in  the  United  States  each  year. 

Apparently  overlooking  Stevenson's  report,  a  writer  in  the  Brook- 
lyn (N.  Y.)  Eagle  for  June  15,  1902,  states: 

Their  skins  when  tanned  make  excellent  leather  for  the  manufacture  of  such 
articles  as  trunks,  traveling  bags,  purses,  pocketbooks,  and  all  kinds  of  leather 
novelties.     Books  are  bound  with  it  and  it  is  even  utilized  for  upholstering 

'  These  skins  must  have  been  those  at  Crocodylua  acutus. 
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A. — Part  of  a  one-niKht's  kill  of  alligators  hy  tude  hunters  in  Louisiana.  Hide  hunting  is  respon- 
sible for  an  alarming  decrease  in  the  numbers  of  these  reptiles.     (Photo  by  Stanley  (\  Arthur) 

B. — Alligators  on  farm  in  California.  A  wooden  barrier  surrounds  the  space  about  the  concrete- 
margined  pool.     (Photo  by  Georco  Tonkin) 
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chairs.  Dade  County,  on  the  east  coast  of  Florida,  sends  to  market  about 
50,000  skins  annually,  while  the  number  from  the  counties  on  the  west  coast 
reaches  fully  125,000  each  year.  There  is  one  firm  In  New  Orleans  that  handles 
over  500,000  skins  annually. 

Large  numbers  of  live  and  mounted  young  alligators  are  disposed 
of  each  year  to  the  tourist  trade  in  Florida.  The  demand  for  such 
articles  does  not  appear  to  have  diminished  in  recent  years,  and  it 
would  appear  that  the  trade  in  such  articles  was  profitable  as  early 
as  1890,  as  shown  by  the  following  quotation  from  an  article  by 
Smith  {35,  p,  34o)  : 

Live  and  stuffed  alligators  enter  largely  into  the  trade  in  Florida  curiosities. 
In  Ja(?ksonville  there  are  12  dealers  in  alligators  and  18  other  dealers  in  shells, 
tish-S(-ale  jewelry,  alligator  teeth,  etc.  In  1890  about  8,400  alligators  were  dis- 
posed of  to  tourists  in  Jacksonville.  The  taking  of  small  alligators  to  be  sold 
as  curiosities  is  now  a  prominent  feature  of  the  business;  large  numbers  are 
annually  secured  and  disposed  of  at  prices,  varying  with  the  season,  supply, 
and  size,  ranging  from  $20  to  $35  per  hundred,  although  as  low  as  $10  has  at 
times  been  received.  The  price  for  stuffed  alligators  is  about  25  cents  more 
than  for  live  ones.  Alligators  from  6  to  12  feet  long  bring  from  $12  to  $14 
each.  It  is  estimated  that  about  450  pounds  of  alligator  teeth  were  sold  in 
1890.  Of  the  best  teeth  about  70  make  a  pound,  but  from  150  to  200  of  the 
smaller  ones  are  required.  The  teeth  of  alligators  have  some  commercial  value 
to  the  hunter,  but  in  mjiny  places  of  late  not  much  attention  has  been  given 
to  them  on  account  of  the  difficulty  of  extracting  them  and  the  low  price  re- 
ceived ($1  to  $2  per  pound).  They  are  removed  by  burying  the  head  and 
rotting  out  the  teeth.  The  stuffing  of  alligators  and  the  polishing  of  alligator 
teeth  give  employment  to  about  40  persons  in  addition  to  the  regular  dealers. 

With  the  exception  of  small  individuals,  which  are  made  up  into 
novelty  articles,  there  is  no  appreciable  demand  for  the  entire  alli- 
gator hide,  and  the  trade  utilizes  the  belly  skin  alone.  The  hide  is 
removed  in  the  following  manner;  Two  longitudinal  incisions  are 
made  just  below  the  platelike  back,  and  then  the  belly  skin  is  partly 
pulled  and  partly  cut  off,  care  being  taken  not  to  cut  the  hide,  since 
such  cuts  reduce  its  market  price.  The  hide  is  generally  removed 
as  soon  as  convenient,  since  putrefaction  sets  in  quite  soon  in  any 
warm  climate.  A  quantity  of  salt  is  rubbed  into  the  flesh  side  of 
the  raw  hide  before  it  is  rolled  up  preparatory  to  being  shipped  to 
some  dealer.  Any  injury  or  defect  that  detracts  from  the  appear- 
ance of  the  finished  article,  or  adds  an  additional  burden  on  the 
work  of  the  tanner,  will  lower  the  market  price  for  a  raw  alligator 
hide.  The  marketability  of  any  alligator  hide  is  also  adversely 
affected  by  the  presence  of  embedded  horny  tissues  known  as 
"  buttons  "  on  the  underside  of  the  scutes. 

It  is  difficult  to  obtain  reliable  statistics  on  the  annual  catch  of 
alligators  within  recent  years.  Information  received  from  a  Georgia 
hide  and  fur  company  indicates  that  the  average  annual  catch  in 
that  State  for  the  5-vear  period,  1922-1926,  has  been  in  the  neigh- 
borhood of  10,000  skins.  Unusually  large  numbers  of  alligators 
were  killed  in  Louisiana  during  tlie  drought  seasons  of  1924  and 
1925.  It  appears,  according  to  Arthur  (3,  p.  165)  that  more  than 
21,885  belly  skins  were  bought  by  raw-pe!t  dealers  in  1925  and 
a  severance  tax  thereon  paid  the  State  ot  Louisiana  through  the 
department  of  conservation.  In  1926  returns  were  made  on  36,041 
skins  of  alligators.  The  total  number  of  alligator  hides  taken  in 
the  United  States  during  the  past  few  years  can  hardly  exceed 
60,000  a  year. 
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The  prices  paid  for  belly  skins  vary  according  to  locality  and  to 
condition  of  hide.  The  figures  given  below  were  compiled  for  the 
season  1925-26  for  green  salted  alligator  skins  and  are  believed  to 
be  reliable.  The  over- all  length,  or  the  distance  from  the  tip  of  the 
under  jaw  to  the  tip  of  the  tail,  is  the  measurement  generally  used 
for  grading  alligator  hides  according  to  size,  and  no  account  is 
taken  of  a  fraction  of  a  foot,  a  hide  measuring  5  feet  11  inches  in 
length  being  graded  as  a  5-foot  hide. 

Table  2. — Prices  paid  for  green  salted  alligator  shvns  in  Georgia,  Florida,  and 
Alabama  during  the  season  1925-26,  and  average  prices  in  Louisiana  from 
1916  to  1928.     (Arthur,  3,  p.  185) 


State 

2-foot 
skins 

3-foot 
skins 

4-foot 
skins 

5-foot 
skins 

6-foot 
skins 

7-foot 
skins 

Georgia.  .                                              ..    .  

$0.60 
.50 

$0.90 

$1.40 

1.25 

f    1.75 

\    2.00 

.40 

.65 

2.00 

2.25 

1.25 

$2.00 
1.85 
2.50 
2.75 

.60 

.90 

3.00 

3.25 

2.25 

$3.00 

Florida 

2.70 

$0.35 

.05 
.15 
.40 
.50 

3.00 

Louisiana  : 

1916 

.10 
.25 
.95 
1.15 
.35 

.20 
.45 
1.75 
2.00 
.65 

3.25 
.90 

1917. 

1.35 

1926 

4  00 

1927 

4.65 

1928.                      .                   ..          

3  25 

LEGAL  RESTRICTIONS  ON  THE  CAPTURE  AND  SALE  OF  ALLIGATORS 

Replies  to  questionnaires  sent  by  the  Bureau  of  Biological  Survey 
to  fish  and  game  commissions  of  the  several  States  within  the  range 
of  the  alligator  indicate  that  only  Florida  and  Louisiana  have 
imposed  either  local  legal  restrictions  or  taxes  on  the  capture  of 
alligators. 

Florida 

In  Florida,  alligators  are  protected  by  local  laws  (SI,  32)  from 
March  1  to  November  19  in  Collier,  Dade,  Glades,  Highlands,  and 
Monroe  Counties.  A  trapper's  license  is  required  to  hunt  alligators 
in  these  counties,  for  which  a  resident  pays  for  county  of  residence, 
$5 ;  for  county  other  than  county  of  residence,  $10 ;  for  the  State,  $25. 
Only  county  licenses  are  issued  to  nonresidents,  the  fee  for  which 
is  $25  for  each  county.  No  taxes  are  levied  on  alligator  hides  in 
Florida. 

In  Hendry  County  a  close  season  for  alligators  is  provided  from 
March  1  to  December  1.  In  this  county  a  trapper's  license  is  re- 
quired, for  which  a  bona  fide  six  months'  resident  pays  $5.25,  while 
trapping  license  for  a  nonresident  of  the  county  issued  to  a  resident 
of  the  State  costs  $10.25.  The  close  season  for  alligators  in  Brevard 
and  Volusia  Counties  extends  from  February  1  to  December  1.  A 
close  season  on  alligators  from  February  21  to  October  31  is  pro- 
vided for  in  acts  of  1927  covering  Martin  County.  Similar  legisla- 
tion provides  for  the  closing  at  all  times  of  certain  areas  in  Lake  and 
Marion  Counties  to  alligator  shooting.  The  clause  of  the  game  and 
fresh-water  fish  law  {32,  p.  32)  of  1927  covering  these  counties  reads 
as  follows : 

It  is  unlawful  for  any  person  or  persons  to  capture,  kill,  catch,  maim,  injure, 
shoot  at,  or  destroy  alligators  or  alligator  nests  in  any  of  the  following  enumer- 
ated waters,  lakes,  canals,  rivers,  and  marshes  located  either  in  whole  or  in 
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part  in  the  counties  of  Marion  and  Luke,  in  the  State  of  Florida,  to  wit :  Lake 
Dora  and  marsh  adjacent  thereto,  the  Dora  Canal  and  marsh  adjacent  thereto, 
Dead  River  and  marsh  adjacent  thereto.  Lake  Eustis  and  marsh  adjacent 
thereto,  Haines  Creek  and  marsh  adjacent  thereto,  Lake  Grilfin  and  marsh 
adjacent  thereto,  Silver  Springs  Run  and  marsh  adjacent  thereto,  the  Ockla- 
waha  River  and  marsh  adjacent  thereto,  south  of  where  Silver  Springs  Run 
empties  into  the  Ocklawaha  River. 

Louisiana 

There  is  practically  no  close  season  on  alligators  in  Louisiana, 
although  an  open  season  was  prescribed  as  from  November  20  to 
February  5.  Alligators  have  been  outlawed  in  all  the  coastal  par- 
ishes and  are  now  bein^  rapidly  depleted  in  numbers.  The  follow- 
ing severance  taxes  are  imposed  on  alligator  hides  taken  in  the  State : 
Skins  not  exceeding  5  feet  in  length,  1  cent;  skins  over  5  feet  in 
length  but  less  than  10  feet  in  length,  2  cents;  and  ail  skins  over  10 
feet  in  length,  3  cents. 

ALLIGATOR  RESERVES  AND  FARMS 

The  State  Alligator  Reservation  on  Tomoko  Creek  and  River  in 
Volusia  County,  Fla.,  has  been  designated  and  set  aside  by  the 
State  as  a  permanent  refuge  where  this  fast-disappearing  reptile 
can  not  legally  be  captured,  killed,  or  molested.  The  mouth  of  To- 
moko Creek  is  situated  about  10  miles  north  of  Daytona  Beach,  and 
the  stream  flows  north  by  east.  Here  it  is  hoped  that  the  alligator 
will  thrive  under  the  very  favorable  natural  conditions. 

At  least  one  of  the  economic  phases  of  the  alligator  industry  is  an 
outgrowth  of  the  at  first  rather  haphazard  method  of  impounding 
live  alligators  preparatory  to  or  while  waiting  for  orders  for  ship- 
ment to  circuses  and  side  shows,  zoological  parks,  and  less  frequently 
for  window  displays  of  commercial  establislunents.  With  the  in- 
crease in  the  number  of  winter  tourists  to  the  South  and  West,  par- 
ticularly in  Florida  and  California,  added  diversions  for  these  people 
gradually  made  their  appearance,  and  among  those  of  an  exhibitional 
type  were  alligator  farms.  In  a  comparatively  few  instances  it  was 
found  that  suitably  located  alligator  farms,  properly  managed,  could 
derive  a  satisfactory  revenuie  from  paid  admissions.  While  the  num- 
ber of  such  existing  establishments  is  very  limited,  there  are  several 
located  for  the  most  part  in  Florida  and  in  California  that  have 
been  in  existence  for  a  number  of  years.  In  the  case  of  one  of  these 
farms,  the  records  show  that  at  least  half  the  total  income  was 
derived  from  the  gate  receipts,  a  quarter  from  the  sale  of  manufac- 
tured merchandise,  a  tenth  from  the  sale  of  live  alligators,  a  tenth 
from  the  rental  of  live  alligators,  and  not  more  than  a  twentieth  from 
the  sale  of  hides  taken  from  animals  raised  in  captivity.     (PI.  2,  B.) 

That  those  engaged  in  alligator  farming  are  not  propagating  these 
reptiles  on  an  extensive  scale  is  apparent  from  the  interviews  with 
the  owners.  On  one  of  these  farms  it  has  been  observed  that  the 
captive  females  do  build  nests  and  lay  their  eggs  therein,  but  with 
no  degree  of  regularity.  Of  50  females,  as  many  as  5  may  lay  eggs 
during  the  season,  and  then  again  none  of  them  may.  At  this  farm 
the  few  alligators  that  were  hatched  were  from  eggs  left  in  the 
nest  as  the  f^^piale  placed  them.  The  embryos  of  eggs  placed  in 
incubators  died  when  about  half  developed. 
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As  might  be  expected,  the  largest  alligator  farms  in  the  United 
States  are  in  Florida,  and  one  of  them  reports  having  12,000  animals 
on  hand,  of  which  about  150  are  more  than  11  feet  in  length  and 
approximately  400  measure  from  6  feet  to  11  feet  in  length.  J.  V. 
Kelsey,  of  the  Biological  Survey,  ascertained  that  something  like 
3,000  young  alligators  are  purchased  each  year  by  the  manager  of 
this  farm  from  South  Carolina,  Georgia,  Florida,  and  elsewhere 
along  the  Gulf  coast.  More  than  3,500  small  live  alligators  are 
sold  by  the  Florida  farms  each  year.  Many  of  these  find  their  way 
into  private  homes,  and  a  lesser  number  are  used  for  demonstrations 
in  nature-study  courses. 

Those  engaged  in  alligator  farming  generally  have  at  least  one 
building  for  displaying  and  for  selling  alligator  products.  The  arti- 
cles on  display  include  cheap  post-card  pictures  of  alligators,  minia- 
ture alligators  of  various  materials,  small  mounted  alligators,  and 
various  kinds  of  leather  goods,  ranging  from  small  novelty  articles 
to  more  expensive  handbags  and  suitcases.  Tanned  hides  and 
mounted  specimens  also  are  offered  for  sale  by  some  of  these  concerns. 
In  the  past  none  of  those  engaged  in  alligator  farming  manufactured 
the  goods  on  display  in  their  showrooms,  but  acted  merely  in  the 
capacity  of  retailer  for  some  leather-goods  firm.  Recent  develop- 
ments have  led  one  or  two  of  these  alligator  farms  to  attempt  the 
manufacture  of  some  of  their  own  goods. 

Although  an  alligator  pen  is  a  somewhat  elastic  terra  as  at  present 
applied,  what  is  generally  meant  is  some  sort  of  an  artificial  contriv- 
ance containing  water.  These  pens  may  be  either  of  a  temporary 
nature  to  care  for  unusually  large  incoming  shipments  or  of  a  more 
permanent  construction  for  long-continued  use.  Semipermanent  pens 
have  been  constructed  by  driving  rows  of  strong  wooden  stakes  into 
the  ground  to  prevent  the  alligators  from  burrowing  or  escaping 
through  the  surrounding  soft  mud  and  earth.  The  pens  used  in  alli- 
gator farming  are  of  various  forms,  and  most  of  them  are  merely 
concrete-lined  pools  inclosed  or  fenced  in  with  cheap  poultry-wire 
netting. 

Wooden  pens  12  to  14  inches  high,  with  a  cement  or  preferably  a 
natural  earth  bottom,  have  proved  satisfactory  for  raising  young  alli- 
gators. Pens  of  this  type  are  fenced  in  with  wire  netting,  and  the 
inclosure  may  cover  from  50  to  100  square  feet. 

In  the  so-called  breeding  pens  with  cement-lined  walls,  where  the 
larger  individuals  are  kept,  the  excavation  or  pool  may  be  50  feet  long, 
5  to  6  feet  wide,  and  about  5  feet  deep.  The  number  of  such  tanks 
varies  according  to  the  size  of  the  farm,  and  on  some  of  the  larger 
farms  several  thousand  square  feet  of  ground  may  be  fenced  in. 
These  concrete  pens  have  their  Upper  rim  level  with  the  surface,  and 
as  an  added  precaution  against  the  escape  of  any  of  the  alligators,  a, 
fence  constructed  of  wire  netting  above  and  with  a  wooden  base  about 
2  feet  in  height,  is  built  around  the  pool.  In  crowded  inclosures,  how- 
ever, the  alligators  invariably  mutilate  or  kill  one  another.  Palm 
trees,  pepperwood  trees,  or  other  common  shade  trees  may  be  found 
within  these  inclosures,  but  almost  without  exception  the  pens  are 
noticeably  devoid  of  any  brush,  grass,  or  other  small  vegetation. 
Such  vegetation  is  simply  worn  away  by  the  many  bodies  dragged 
across  it. 
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Alligators  in  captivity  are  not  all  particular  in  their  choice  of  food 
swallowing  bones,  hide,  and  hair,  whole  carcasses  of  smaller  animals, 
and  occassionally  the  ieet,  legs,  or  tail  of  a  companion.  The  kind  of 
food  fed  by  the  Florida  alligator  farms  varies  according  to  season  and 
locality,  but  for  the  most  part  consists  of  fish  unfit  for  the  market  and 
horseflesh.  A  farm  at  South  Jacksonville,  Fla.,  reported  to  J.  V. 
Kelsey  that  about  3  tons  of  food  daily  was  inquired  to  feed  their  stock 
of  12,000  alligators,  while  from  700  to  800  pounds  daily  was  required 
for  some  6,000  alligators  at  St.  Augustine.  The  owner  of  a  Los  An- 
geleSj  Calif.,  alligator  farm  reported  to  George  Tonkin,  of  the  Bureau 
of  Biological  Survey,  that  from  the  1st  of  April  to  the  end  of  Sep- 
tember from  600  to  1,500  pounds  of  horse  meat  was  fed  weekly  to 
approximately  1,500  alligators.  During  the  warm  weather  of  July 
and  August,  larger  quantities  of  meat  were  required  than  at  other 
times.  Alligators  less  than  a  year  old  are  fed  two  or  three  times  a 
week,  but  the  older  ones  are  generally  fed  only  once  a  week.  Feed- 
ing may  be  more  expensive  on  farms  located  within  the  limits  of  large 
cities,  because  of  the  numerous  sanitary  restrictions  more  necessary 
there  than  on  country  farms. 

FOOD  OF  THE  ALLIGATOR 

For  a  study  of  the  food  of  alligators  in  the  wild,  157  stomachs  were 
available,  all  but  12  of  which  were  obtained  in  Vermilion  and 
Cameron  Parishes,  La.,  3  of  the  others  coming  from  Thomas  County, 
Ga.,  and  8  from  near-by  localities  in  Florida.  Of  the  139  stomachs 
collected  by  hunters  on  the  Rainey  Wild-Life  Refuge,  73  were 
obtained  through  the  interest  of  Richard  Gordon,  in  charge  of  the 
refuge,  and  62  and  4,  respectively,  by  C.  C.  Sperry  and  J.  R.  Greeley, 
of  the  Bureau  of  Biological  Survey.  G.  W.  Raborn  and  Leon 
Hebert,  of  the  Orange-Cameron  Land  Co.,  furnished  the  stomachs 
of  6  rather  large  alligators  taken  in  Cameron  Parish.  One  stomach 
obtained  from  an  alligator  taken  in  St.  Mary  Parish,  La.,  was  sub- 
mitted for  examination  by  Arthur  Svihla.  Those  taken  in  Georgia 
and  Florida  were  submitted  by  H.  L.  Stoddard  and  C.  O.  Handley 
of  the  Biological  Survey.  Eight  of  the  157  stomachs  were  so  nearly 
empty  that  they  were  disregarded  in  tabulating  percentages  of  food 
eaten. 

On  the  basis  of  this  series  of  stomachs,  it  appears  that  crustaceans 
contribute  about  47  per  cent  of  the  annual  food,  vertebrates  29  per 
cent,  insects  20  per  cent,  and  spiders  nearly  3  per  cent,  and  miscel- 
laneous items  the  remainder.  Crabs,  crawfishes,  fishes,  and  water 
beetles,  in  quantity  in  the  order  named,  contribute  about  70  per  cent 
of  the  food  eaten  auring  summer  and  fall.  The  contents  of  stomachs 
of  alligators  taken  in  Florida  and  Georgia  suggest  that  in  these 
regions  the  food  consists  to  a  large  extent  of  reptiles  (such  as  turtles 
and  snakes)  and  fishes.  Most  of  the  stomachs  examined  were  taken 
during  or  shortly  after  a  period  of  prolonged  drought,  and  the 
interpretations  placed  on  the  food  ratios  may  not  be  applicable  to 
the  food  habits  under  more  normal  conditions.  An  unidentified 
nematode  was  found  in  one  stomach,  but  this  is  to  be  considered  as 
a  parasite  rather  than  as  food  of  the  alligator. 
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CRUSTACEANS 


Crabs,  crawfishes,  and  shrimps  comprised  47.03  per  cent  of  the 
total  food  eaten  by  149  alligators,  ranging  from  2  feet  to  9  feet  8 
inches  in  length.  Large  shrimps  (Peneus)  occur  in  immense  num- 
bers along  the  Gulf  coast  and  are  of  commercial  importance.  They 
live  in  shoal  water  on  sandy  flats  or  among  the  weeds  on  bottoms  of 
bayous,  in  both  salt  and  brackish  water ;  hence  they  form  a  convenient 
food  item  for  alligators.  Shrimps  comprised  2.59  per  cent  of  the 
total  food,  and  were  eaten  by  10  alligators — ^in  one  case  41  individuals 
w^ere  taken  and  in  another  15,  the  majority  of  these  in  the  month  of 
July. 

Crawfishes  (Cambarus)  are  not  usually  regarded  as  a  staple 
article  of  food  for  man  in  the  Gulf  coast  region.  They  have  some 
value  as  scavengers,  but  their  burrowing  habits  may  occasion  serious 
breaks  in  levees  and  dams  protecting  the  lowlands  in  the  Southern 
States ;  and  they  are  sometimes  destructive  to  crops.  This  series  of 
stomachs  would  indicate  that  crawfishes  contribute  nearly  20  per  cent 
of  the  total  food  of  the  alligator.  Forty-six  of  the  alligators  taken 
in  the  seven  months,  April  to  October,  had  fed  on  crawfishes,  but 
38  was  the  largest  number  of  individuals  in  any  one  stomach. 

Predatory  swimming  crabs  (Callinectes)  comprise  an  important 
item  in  the  diet  of  alligators,  and,  while  14  was  the  largest  number 
of  individuals  noted  in  any  one  instance,  their  remains  were  identi- 
fied in  80  stomachs.  These  crabs  occur  in  great  abundance  along 
the  Gulf  coast,  swimming  up  streams  with  the  flood  tide  and  retreat- 
ing with  the  ebb.  It  is  just  as  well  that  alligators  act  as  one  of  their 
natural  checks,  for  these  crustaceans  destroy  the  eggs  and  young  of 
fishes.  The  commercial  utilization  of  crabs  in  the  Gulf  coast  area 
has  not  reached  the  proportions  where  alligators  in  an}^  way  interfere 
with  the  industry.  In  the  entire  series  of  stomachs  examined,  crabs 
constitute  about  20  per  cent  of  the  food,  and  practically  all  of  this 
is  made  up  of  swimming  crabs.  Two  other  kinds  of  small  crabs 
that  are  frequently  utilized  as  bait,  but  apparently  have  no  other 
economic  importance,  however,  were  found  in  eight  of  the  stomachs — 
the  little  fiddler  crabs  (Uca)^  which  congregate  in  immense  numbers 
and  live  in  holes  they  excavate  above  the  reach  of  the  tides,  and 
the  less  active  wood  crabs  (Sesarma),  which  are  associated  with 
fiddler  crabs  in  the  salt  marshes  and  fresh-water  bayous. 

SPIDERS 

Spiders  were  eaten  mainly  by  alligators  that  were  from  2  to  3  feet 
in  length,  and  were  present  in  62  stomachs.  In  the  entire  series  of 
149  stomachs  spiders  contributed  2.86  per  cent  of  the  food,  and  in  the 
food  of  thirteen  2-foot  alligators  taken  in  July  they  averaged  about 
10.15  per  cent.  In  July  spiders  comprised  1.46  per  cent  of  the  food 
of  twenty-six  3-foot  alligators,  and  in  September  4-73  per  cent  of  22 
of  the  same  size.  A  large  predatory  wolf  spider  {Lycasa  carolinensis) 
occurred  most  frequently  in  those  taken  in  Louisiana,  and  was  present 
in  at  least  32  of  the  stomachs. 

INSECTS 

Insects,  chiefly  water  beetles  and  leaf  chafers,  comprised  20  per 
cent  of  the  food  found  in  the  series  of  alligator  stomachs  examined. 
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Of  these,  water  beetles  of  one  kind  or  another  alone  contributed 
11.25  per  cent.  Several  thousand  stone-fly  larvae  formed  77  per  cent 
of  the  stomach  contents  of  a  small  alligator  taken  in  September. 
Eight  dragon-fly  nymphs  were  found  in  another  small  alligator's 
stomach,  and  adults  were  noted  in  six  instances. 

Oethoptera. 

Roaches,  grasshoppers,  katydids,  and  crickets  are  found  occasion- 
ally in  the  food  of  these  reptiles,  but  constitute  only  a  fraction  of 
1  per  cent  of  the  total.  Although  one  of  the  most  conspicuous  grass- 
hoppers in  the  southern  parishes  of  Louisiana,  the  large  lubber  grass- 
hoppers (RomoHea  ndcroptera)  do  not  abound  in  the  marsh  areas, 
and  their  remains  were  not  found  in  the  stomachs  examined. 

Hemiptera 

Giant  water  bugs  (Belostoma),  the  main  item  in  the  hemipterous 
portion  of  the  alligator's  food,  occurred  in  30  instances,  and  as  many 
as  13  were  found  in  a  single  stomach.  Bugs  were  eaten  most  fre- 
quently by  small  alligators  from  2  to  3  feet  in  length,  and  averaged 
1.58  per  cent  for  the  series  of  149  stomachs.  The  greatest  consump- 
tion was  in  July. 

DlPTER.^. 

Larvae  of  soldier  flies  (Stratiomyidae)  were  identified  in  12 
stomachs,  in  one  of  which,  that  of  a  3-foot  alligator  taken  in  Louisi- 
ana during  September,  290  individuals  were  counted.  Flies  and 
their  larvae,  judged  from  this  series  of  stomachs,  are  an  important 
item  in  the  annual  food. 

COLEOPTERA 
CARABIDAE 

Predatory  ground  beetles,  as  Pasimachus,  Scarites,  and  Chlaenius, 
were  more  frequently  eatea  by  alligators  than  were  such  vegetarian 
forms  as  Amara.  In  one  stomach  14  and  in  another  23  Scarites  were 
noted.  Scarites  are  thought  to  feed  upon  soft-bodied  worms  and  the 
like,  and  probably  local  conditions  were  favorable  for  their  abun- 
dance in  the  coastal  marshes.  Ground  beetles  constitute  a  little  more 
than  1  per  cent  of  the  total  food,  and  in  July  they  amounted  to  2  per 
cent. 

DYTISCIDAE 

Predacious  diving  beetles  were  eaten  more  frequently  than  ground 
beetles.  The  large  water  beetle  (Cybister)  was  found  in  67  stomachs, 
and  in  one  the  remains  of  16  individuals  were  noted.  The  smaller 
dytiscids  were  eaten  much  less  frequently  than  the  small  hydro- 
philids.  Large  and  small  larvae  of  these  beetles  were  occasionally 
eaten,  and  in  one  stomach  59  were  sorted  out,  but  all  were  not  iden- 
tified below  family. 

HYDROPHILIDAB 

Water-scavenger  beetles  were  taken  a  little  more  frequently  and 
in  larger  numbers  than  the  dytiscids.  Eighty-six  of  the  alligators 
had  fed  on  small  species  of  the  genus  Tropisternus,  the  numbers 
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counted  in  four  instances  being  150,  109,  104,  and  101.  Large  scaven- 
ger beetles,  like  Hydrous  and  Dibolocelus,  apparently  were  less  plen- 
tiful than  Cybister,  for  it  is  doubtful  whether  the  alligator  shows  any 
particular  preference. 

SCA&ABAE3DAB 

A  leaf  chafer  locally  known  as  the  rice  beetle  {Dyscinetus  trachy- 
pygus)  was  found  in  60  stomachs,  and  in  5  of  these  10  or  more  indi- 
viduals were  noted.  This  beetle  pupates  in  moist  places,  and  the 
adults  attack  rice,  but  so  far  as  known  they  are  not  injurious  to  any 
other  crop.  A  little  more  than  5  per  cent  of  the  total  food  comes 
from  this  source. 

CUECULIONIDAB 

Inasmuch  as  weevils  never  amounted  to  as  much  as  1  per  cent  of 
the  food  in  any  of  the  months  for  which  stomachs  were  available, 
their  destruction  by  alligators  is  a  matter  of  no  great  importance. 
Nevertheless  a  number  of  weevils  that  are  considered  quite  destruc- 
tive to  cereal  and  forage  crops  were  identified  in  some  of  these 
stomachs.  The  clay-colored  billbug  {Spkenophorus  aequalis)^  a 
swamp-inhabiting  weevil,  destructive  to  corn,  was  eaten  by  6  alliga- 
tors, and  in  1  stomach  5  individuals  were  found.  Billbugs  that  feed 
to  a  large  extent  on  corn,  such  as  the  curlew  bug  {S.  oallosus)  and 
the  cat-tail  billbug  {S.  pertinctx)^  were  each  eaten  by  2  alligators. 
The  Y-marked  billbug  {S.  venoihis),  which  occurred  in  7  of  the 
stomachs,  is  injurious  to  wheat  and  corn. 

Hymenoptera 

An  occasional  hymenopteran  is  taken  along  with  other  insect  food, 
but  little  or  no  discrimination  is  shown  as  to  species.  Three  species 
of  ants,  including  44  Ponera,  5  Pheidole,  and  43  Crematogaster,  were 
found  in  the  stomach  of  an  alligator  measuring  3  feet  6  inches  in 
length  and  taken  on  September  21  in  Louisiana.  Another  alligator 
taken  at  the  same  time  and  place  had  eaten  ants  of  these  genera  and 
in  addition  individuals  of  the  genus  Solenopsis. 

FISHES 

Fishes  of  one  kind  or  another  formed  14.04  per  cent  of  the  total 
food  eaten  during  the  spring,  summer,  and  fall  months  by  149  alli- 
gators of  various  sizes.  About  580  fishes,  ranging  in  size  from 
minute  silversides  (Menidia  sp.)  to  a  mullet  {Mugil  cephAis)^  8i/^ 
inches  in  length,  were  found  in  52  of  the  stomachs.  In  July  fishes 
were  eaten  in  the  largest  quantity  and  formed  16.12  per  cent  of  the 
total  food.  An  alligator  gar  (Lepisosteus  platostomus)  formed 
part  of  the  food  of  an  alligator  taken  in  June.  These  voracious  al- 
ligator gars  are  a  nuisance  in  so  far  as  man  is  concerned,  for  they  are 
active  enemies  of  other  fishes  living  in  the  same  waters.  A  larger 
series  of  stomachs  might  show  a  larger  proportion  of  alligator  gars, 
for  the  late  J.  D.  Mitchell  found  remains  of  these  fishes  in  the 
stomachs  of  a  number  of  alligators  taken  in  Texas.  Mitchell  says, 
in  a  letter  written  on  September  12,  1920,  that  the  stomach  of  one 
alligator  examined  contained  two  alligator  gars,  freshly  swallowed. 
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One  large  fellow  over  3  feet  long  was  rolled  into  a  compact  ball,  as  you 
would  wind  a  leather  strap;  the  other  one  about  18  inches  long  was  straight. 
Neither  gar  was  badly  mangled  by  the  alligator's  teeth. 

The  same  observer  oi^ened  the  stomach  of  an  alligator  measuring 
16  feet  2  inches,  taken  in  Traylors  Lake  in  the  Guadalupe  River 
Valley,  and  found  a-  gallon  or  more  of  alligator-gar  scales  and 
broken-up  turtle  shells.  The  scales  were  worn  smooth,  and  some 
were  thin  as  paper. 

Fourteen  oi  the  alligators  had  eaten  young  menhaden  (Brevoortia 
tyrannies),  and  one  6- foot  individual  taken  in  July  had  eaten  at 
least  101  of  these  fishes  in  addition  to  other  items.  Adult  menhaden 
have  important  commercial  uses,  chiefly  for  oil  and  fertilizer  but 
not  for  food.  Small  fishes  are  quite  plentiful  in  the  eelgrass  that 
abounds  in  the  inundated  coastal  lands  of  Louisiana  and  elsewhere, 
all  of  which  are  of  prime  importance  as  food  for  larger  edible  fish. 
As  many  as  42  of  the  little  carnivorous  killifish  (Cyprinodon  vajie- 
gatus)  were  found  in  a  single  stomach,  while  the  mud-feeding 
Mollienisia  were  noted  in  two.  The  little  carnivorous  silversides 
(Menidia)  were  also  identified  in  two  instances.  These  small  fishes 
occur  in  countless  numbers  in  brackish  waters  and  mouths  of  fresh- 
water streams  emptying  into  the  Gulf,  and  the  depletion  of  their 
numbers  by  alligators  is  of  little  consequence.  Alligators  do  some 
harm  in  feeding  upon  fishes,  for  some  of  the  small  ones  eaten  are 
active  destroyers  of  the  larvae  of  mosquitoes,  and  some  of  the  others 
have  commercial  value.  Two  alligators  captured  in  Georgia  and  one 
taken  in  Florida  had  each  eaten  a  fair-sized  large-mouthed  black 
bass  {Micropterus  salmoides).  Small  sunfish  (Lepomis)  were  eaten 
by  three  alligators  killed  in  Louisiana. 

That  alligators  are  fond  of  fishes  has  been  known  for  many  years, 
and  it  is  possible  that  they  feed  more  extensively  on  them  in  times 
of  drought.     Dowler  (i^,  p,  21)  says: 

♦  ♦  *  in  midsummer,  when  the  inundation  is  subsiding,  and  swamps,  lakes, 
lagoons,  and  bayous,  are  becoming  dry  or  too  shoal,  for  not  only  alligators, 
but  the  fish  *  *  *  a  general  migration  commences.  When  thousands  of 
square  miles,  submerged  for  several  months  of  the  year,  are  about  to  become 
desiccated,  these  knowing  animals  begin  to  travel.  When  the  water  subsides* 
rapidly,  there  are  currents  through  narrow  channels,  from  the  higher  to  the 
lower  basins  and  streams,  to  which  the  alligators  repair,  in  great  numbers, 
and  turn  their  heads  up  stream.  The  large  buffalo,  and  still  larger  catfish, 
with  many  other  fishes  of  the  lower  Mississippi,  in  their  migrations,  through 
these  straits,  are  thus  devoured ;  often,  very  few  escape. 

John  Brickell  in  1737  reported  that  alligators  were  very  destruc- 
tive to  weirs  made  for  catching  fish,  for  they  would  fojlow  the  fish 
into  the  trap  and  then  tear  the  trap  apart  in  their  efforts  to  escape. 

AMPHIBIANS 

A  small  alligator  taken  in  July  on  the  Rainey  Wild-Life  Refuge 
had  eaten  one  narrow-mouthed  toad  (Gastrophryne  carolinensis) 
in  addition  to  a  snake,  several  fishes,  and  a  little  fiddler  crab.  Other 
species  of  amphibians  are  undoubtedly  eaten  whenever  the  oppor- 
tunity presents  itself. 
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REPTILES 

CROCODILIA     (ALLIGATORS   AND    CBOCODILES) 

Adult  alligators  are  not  averse  to  eating  the  young  of  their  own 
kind,  and  instances  have  been  reported  in  which  some  that  were  well 
grown  have  been  swallowed  by  larger  individuals.  Charles  Hallock 
(iP,  f.  87)  records  an  alligator  8  feet  long  in  the  mouth  of  a  larger 
one,  and  in  the  same  article  he  calls  attention  to  balls  of  feathers, 
fish,  and  large  moccasin  snakes  that  are  found  in  the  stomachs. 
F.  M.  Uhjer,  of  the  Bureau  of  Biological  Survey,  reports  that  on 
April  26,  1928,  he  observed  an  alligator  about  7  feet  in  length  housed 
in  the  municipal  zoo  at  Sanford,  Fla.,  in  the  act  of  swallowing  a 
smaller  individual  that  measured  about  half  its  length.  The  smaller 
alligator  was  swajlowed  whole,  but  he  could  hear  the  bones  being 
crushed  by  an  occasional  snap  of  the  jaws.  The  process  of  swallow- 
ing was  closely  watched  for  about  half  an  hour,  and  at  the  end  of 
that  time  a  little  more  than  half  of  the  smaller  individual  had  dis- 
appeared in  the  captor's  gullet.  About  a  dozen  alligators  varying 
from  3  to  10  feet  in  length  were  kept  in  the  same  cage.  Three  par- 
tially digested  alligator  eggs  were  found  in  the  stomach  of  an  alli- 
gator taken  at  Morgan  City,  La.,  on  June  1,  1926. 

SQUAMATA     (LIZABDS,     SNAKES,    TURTLES) 

A  little  ground  lizard  {Leiolopisma  laterale)  was  the  only  lacer- 
tilian  found  in  the  stomachs,  but  any  kind  coming  within  reach 
would  undoubtedly  be  eaten.  Ten  of  the  stomachs  examined  con- 
tained each  a  single  snake,  five  of  which  were  identified  as  water 
snakes  (Natrix)  and  one  as  a  garter  snake  (Thamnophis).  Turtles, 
on  the  other  hand,  enter  more  extensively  into  the  diet  of  these  rep- 
tiles, constituting  2.67  per  cent  of  the  food  of  149  alligators  taken 
between  June  and  October.  Cooters  (Pseudemys)  and  terrapins 
(Malaclemys)  w^ere  found  only  in  stomachs  of  alligators  taken  in 
Florida  and  Georgia.  Soft-shelled  turtles  (Amyda)  were  eaten  by 
alligators  taken  in  Leon  County,  Fla.  In  the  case  of  six  alligators 
ranging  in  size  from  5  feet  to  8  feet  9  inches,  killed  during  the  month 
of  June,  turtles  comprised  68  per  cent  and  fishes  32  per  cent  of  the 
stomach  contents.  Turtles  also  foiTned  11.55  per  cent  of  the  total 
food  of  nine  alligators  taken  in  August.  The  late  J.  D.  MitchelJ 
was  of  the  opinion  that  the  principal  food  of  adult  alligators  is 
gars  and  harcl-shelled  turtles.  He  remarks  that  he  cut  open  a  great 
many  alligators,  and  in  almost  every  instance  found  the  remains  of 
one  or  the  other,  or  of  both. 

BIRDS 

In  the  contents  of  the  149  stomachs  examined,  birds  formed  about 
5  per  cent  of  the  total  animal  matter.  Other  data,  however,  are 
available  that  indicate  that  the  alligator's  annual  diet  may  include  a 
greater  percentage  of  birds.  J.  B.  White,  of  Waterlily,  N.  C,  in  a 
letter  dated  April  3, 1924,  states  that  an  alligator  shot  on  the  preserve 
of  John  Maybank,  at  Green  Pond,  S.  C,  during  the  previous  season 
had  remains  of  five  mallards  {Anas  platyThynoha)  in  its  stomach. 

Corroborative  evidence  that  alligators  feed  on  ducks  and  other 
water  birds  is  found  in  the  report  on  stomach  examinations  by  Leon 
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Hebert,  of  the  Orange-Cameron  Land  Co.,  Louisiana,  during  the  win- 
ter and  early  spring  of  1926.  Ten  alligators  taken  during  February 
and  March  and  ranging  from  5  to  10  feet  in  length  had  eaten  a  total 
of  55  coots  or  poule  d'eau  (Fulica  amerioana) ,  and  6  ducks.  Of  three 
alligators  taken  during  February,  one  7  feet  long  had  eaten  3  ducks 
and  4  coots;  one  71/2  feet  long,  9  coots;  and  one  8  feet  long  had  eaten 
a  marsh  owl.  The  stomach  of  a  10-foot  alligator  taken  on  March  2 
contained  7  coots ;  one  8  feet  long  taken  on  March  9  likewise  contained 
7  coots;  and  one  11  feet  long  taken  the  same  day  had  eaten  5  coots 
and  2  ducks.  Of  two  8-foot  alligators  taken  on  March  11,  the  sto- 
mach of  one  contained  8  coots  and  1  duck,  and  the  other  9  coots.  Two 
5-foot  alligators  killed  on  March  13  had  each  eaten  3  coots,  and  the 
stomachs  of  two  7-foot  alligators  killed  on  March  17  were  full  of 
coots.  On  the  same  day  the  stomachs  of  24  alligators,  ranging  in  size 
from  3  to  11  feet,  were  examined  and  were  found  to  contain  remains 
of  short-eared  owls  {Agio  flcmumeus)^  rails  {Rallus  elegans)^  and 
coots. 

Remains  of  birds  were  found  in  10  of  the  149  stomachs  examined 
in  the  Biological  Survey.  Birds  as  alert  as  the  horned  grebe 
{Colyrrobus  auritus)  and  the  pied-billed  grebe  {Podilymbus  podi- 
ceps)^  as  secretive  as  the  king  rail  {RaUus  elegcms)^  or  as  good 
climbers  as  the  least  bittern  {Ixohrychus  exilis)  were  victims  of 
these  alligators.  Hallock  (i7,  p.  87)  found  that  alligators  would 
take  a  hook  baited  with  the  body  of  a  bird,  such  as  a  coot,  and  this 
would  seem  to  indicate  that  they  may  play  a  useful  role  as  scavengers. 
J.  D.  Mitchell  states  that  in  stomachs  he  examined  were  found  re- 
mains of  such  birds  as  ducks,  coots,  and  jackdaws. 

MAMMALS 

Mammals  comprised  5.56  per  cent  of  the  total  food  of  alligators 
in  the  series  of  149  stomachs  representing  the  period  from  April  to 
October,  inclusive.  It  was  a  matter  of  considerable  interest  to  find 
that  muskrats  {Ondatra  rmalicia)  were  eaten  by  not  more  than  4 
of  these  alligators  and  in  each  instance  only  by  a  single  individual. 
Persistent  reports  were  circulated  that  muskrats  were  being  depleted 
in  numbers  by  alligators  and  that  the  latter  were  a  decided  nuisance 
in  marshlands  under  development  for  their  fur  resources.  The  pres- 
ent investigation  fails  to  substantiate  these  reports.  It  is  worth  while 
to  note,  however,  that  Richard  Gordon,  or  the  Rainey  Wild-Life 
Refuge,  reported  that  the  stomach  of  a  12-foot  alligator  contained  11 
muskrats,  a  chicken,  and  a  pig.  In  his  weekly  report  for  June  28  to 
July  4,  1925,  Mr.  Gordon  reports  that  more  than  30  alligators  had 
been  killed  on  the  refuge  during  the  preceding  10  days  and  the 
stomachs  of  22  examined,  of  which  6  contained  muskrats^  1  a  rabbit, 
and  the  remainder  fishes,  crabs,  and  crawfishes.  These  alligators  were 
nearly  all  females  from  3  to  7  feet  in  length,  and  at  this  season  were 
coming  out  of  the  marsh  into  the  bayous  and  ponds.  One  of  the 
most  active  enemies  of  the  muskrat,  the  mink  {Mustela  vison  vul- 
givaga)^  was  found  in  the  stomach  of  a  6-foot  alligator  killed  in 
Louisiana  during  July.  One  swamp  rabbit  {Sylvihigus  aquaticus 
Uttoralis)  formed  67  per  cent  of  the  stomach  contents  of  an  alligator 
taken  in  October,  and  remains  of  this  species  were  found  in  two  other 
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stomachs.     Rice  rats   {Oryzomys  paZustris  texensis)   were  noted  in 

three  stomachs  and  a  cotton  mouse  {Peromyscus  gossypinus)  in  one. 

Many  instances  are  on  record  where  alligators  have  devoured  dogs, 

hogs,  and  especially  pigs.    Alligators,  according  to  Brickell   (8.  p. 

13Jir-lS5)  — 

are  never  known  to  devour  men  in  Carolina,  but  on  the  contrary,  always  strive 
to  avoid  them  as  much  as  they  possibly  can.  Yet  they  frequently  kill  swine 
and  dogs,  the  former  as  they  come  to  feed  in  the  marshes  and  at  the  sides  of 
the  rivers  and  creeks,  and  the  latter  as  they  are  swimming  over  them.  *  *  * 
They  are  very  crafty  and  subtle  in  taking  their  prey  in  waters,  whereon  they 
float  as  if  dead,  or  like  a  log  of  wood,  'till  they  come  within  reach  of  their 
prey,  which  they  will  most  nimbly  seize  by  leaping  upon  them,  and  then  dive 
under  water  with  it,  which  they  quickly  devour. 

Conflicting  and  in  many  cases  unreliable  versions  of  alligators 
killing  human  beings  appear  in  the  books  by  early  travelers  in  the 
Southern  States.  The  sympathy  of  the  reader  is  gained  for  the 
victim  by  a  recital  of  horrible  and  gruesome  details,  as  is  the  case  in 
Mrs.  Trollope's  story  of  the  sleeping  wife  and  her  five  babes  killed 
and  mangled  by  alligators.  An  early  French  traveler  and  writer, 
M.  de  la  Coudreniere,  asserted  that  alligators  in  Louisiana  "  feed  on 
men,  chiefly  negroes."  Passing  from  these  traditional  and  possibly 
fictional  happenings  to  those  of  reliable  observers,  one  finds  that 
an  alligator  will  usually  defend  itself  when  attacked,  and  that  there 
have  been  instances  of  their  injuring  and  killing  human  beings. 
That  alligators  may  attack  persons  is  shown  by  the  following  inci- 
dents furnished  by  the  late  J.  D.  Mitchell,^  as  related  by  his  mother : 

When  my  mother  was  a  little  girl,  about  5  years  old,  she  was  playing  on  the 
bank  of  Cedar  Creek,  Brazoria  County,  Tex.,  with  two  other  small  girls.  They 
were  standing  at  the  water's  edge,  when  an  alligator  struck  at  them  with  his 
tail  from  the  water,  drenching  them  and  tearing  out  the  front  of  my  mother's 
dress  and  petticoat.  They  scrambled  up  the  slope  and  then  looked  around, 
and  saw  that  the  alligator  had  come  to  the  shore  line,  but  did  not  attempt  to 
follow  them  on  land. 

In  the  "great  runaway"  of  1836,  when  Texas  settlers  were  fleeing  toward 
Louisiana  before  the  Mexican  Army,  a  large  crowd  had  reached  the  Trinity 
River  above  Anahuac,  where  they  were  waiting  to  cross.  Since  but  one  ferry- 
boat was  available,  each  family  had  to  wait  its  turn,  and  my  mother  and  other 
children  were  sitting  on  the  bank  Watching  the  proctedings.  A  man  named 
King,  who  had  just  put  his  family  and  goods  on  the  ferry,  found  that  it  was 
necessary  to  force  the  boat  away  from  the  bank  with  a  piece  of  timber ;  he  then 
waded  into  the  river,  pushing  the  boat  in  water  about  waist  deep,  when  he 
suddenly  screamed  and  disappeared  below  the  surface,  leaving  a  few  bloody 
bubbles  to  tell  his  fate.  There  were  alligators  in  sight  both  above  and  below 
the  ferryboat. 

Later  when  these  same  settlers  crossed  the  Sabine  River  near  Nibletts  Bluff 
they  landed  on  an  island  bounded  by  the  river  on  one  side  and  a  deep  slough 
on  the  other,  and  camped  there  for  the  night.  My  grandfather,  Dr.  James  Kerr, 
pitched  his  tent  about  100  feet  from  the  river,  and  his  waiting  boy,  Jack,  slept 
just  outside  of  his  tent.  Doctor  Kerr  was  aroused  during  the  night  by  the 
screams  of  the  negro  boy,  and  on  investigation  found  that  an  alligator  was 
dragging  him  by  the  foot  toward  the  river.  He  ran  to  the  fire  and,  seizing  a 
burning  faggot,  thrust  it  into  the  alligator's  eyes,  when  the  animal  released  the 
boy  and  escaped  to  the  river. 

A  party  of  the  young  men,  of  whom  Gen.  Ben  MeCulloch,  then  a  boy  of  18, 
was  one,  were  bathing  in  the  shallow  water  of  the  Brazos  River,  near  St. 
Filipe,  when  a  large  alligator  seized  one  boy  by  the  thigh  and  started  back- 
ward with  him  toward  deep  water.    MeCulloch  jumped  astraddle  the  alligator's 

'  Manuscript  report  in  the  files  of  the  Bureau  of  Biological  Survey. 
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neck  and  jabbed  a  thumb  into  each  one  of  the  eyes,  causing  it  to  release  its 
grip  on  the  victim.  The  injured  boy  had  several  tooth  punctures  and  McCulloch 
lost  a  large  patch  of  skin. 

According  to  Dowler  (H^  p,  23) y  the  Jacksonville  (Fla.)  Courier 
published  in  1835  the  details  of — 

the  case  of  a  young  man  named  Norton,  who  was  bitten  by  an  alligator  in  the 
hand  and  arm,  one  of  the  bones  of  which  was  broken.  The  man  gouged  the 
animal,  causing  it  to  let  go  of  its  hold.  It  was  killed  and  measured  10  feet  in 
length. 

R.  N.  Lobdell,  of  the  State  Plant  Board  of  Mississippi,  in  a  letter 
dated  September  20,  1926,  writes  that  about  10  years  before  in  Alli- 
gator Lake  in  Bolivar  County,  a  large  alligator  came  to  the  shore 
and  carried  off  a  small  negro  child  from  within  a  few  feet  of  its 
mother.  The  mother  was  washing  clothes,  but  was  attracted  by  the 
shrieks  of  the  child  as  it  was  being  knocked  into  the  water  by  the 
tail  of  the  alligator. 

One  may  infer  from  the  narrative  of  Ellicott  (i^,  p.  277)  that  as 
early  as  1800  alligators  were  thought  to  be  quite  dangerous.  Here 
is  what  he  has  to  say  on  this  subject : 

*  *  *  alligators  appear  much  less  dangerous,  than  has  generally  been  sup- 
posed, particularly  by  those  unacquainted  with  them.  And  I  do  not  recollect 
meeting  with  but  one  well  authenticated  fact  of  any  of  the  human  species  being 
injured  by  them  in  the  country  (where  they  are  very  numerous),  and  that  was 
a  negro  near  New  Orleans,  who  while  standing  in  the  water  sawing  a  piece  of 
timber,  had  one  of  his  legs  dangerously  wounded  by  one.  My  opinion  on  this 
subject  is  founded  on  my  experience.  I  have  frequently  been  a  witness  to  Indi- 
ans, including  men,  women,  and  children,  bathing  in  rivers  and  ponds  where 
those  animals  are  extremely  numerous,  without  any  apparent  dread  or  caution ; 
the  same  practice  was  pursued  by  myself  and  people,  without  caution,  and  with- 
out injury. 

Alligators,  however,  sometimes  attack  animals  even  larger  than 
man.  On  St.  Vincent  Island,  Fla.,  K.  V.  Pierce,  the  late  proprietor, 
related  to  a  Biological  Survey  representative  that  when  crossing  a 
small  stream  one  of  a  team  of  mules  hitched  to  a  vehicle  was  seized 
by  the  foreleg  by  an  alligator. 

Reports  have  appeared  in  the  press  from  time  to  time  of  attacks 
on  persons  by  alligators,  but  these  incidents  are  by  no  means  of  com- 
mon occurrence.  Alligators  are  wary  of  man  under  present  condi- 
tions and  during  the  period  of  settlement  found  other  food  ample 
and  more  readily  obtainable. 

VEGETABLE    MATTER 

Vegetable  matter  of  various  kinds  occurs  in  the  stomachs  of  alli- 
gators of  all  sizes,  though  the  item  is  by  no  means  constant.  The 
rough,  w^oody  tubers  of  the  large,  leafy,  three  square  Seirpus  rohustus 
were  identified  in  15  stomachs,  and  tubers  and  pieces  of  the  stalk  of 
an  unidentified  Seirpus  were  found  in  4  others.  Burnt  wood  and 
other  vegetable  debris  were  sorted  out  of  the  stomach  contents  in  5 
instances. 

Hard,  broken  shells  of  hickory  nuts  were  found  in  one  stomach 
and  seeds  of  several  water  plants  in  seven.  It  has  been  supposed  that 
these  substances  assist  in  reducing  the  quantity  of  food  required  to 
fill  the  stomach  and  that  they  serve  to  Keep  the  stomach  distended 
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while  the  animal  is  hibernating.  This  opinion  was  held  by  many 
naturalists.  In  the  narrative  of  Andrew  Ellicott  {16^  f.  276),  for 
instance,  who  while  United  States  commissioner  to  determine  the 
boundary  between  Florida  and  Georgia  in  1800  made  some  interesting 
observations  on  alligators  seen  on  his  trip  up  the  St.  Marys  River 
with  the  Spanish  commissioner  in  the  interval  between  January  23 
and  March  3,  appears  the  following; 

This  being  the  season  that  the  Alligators,  or  American  Crocodiles,  were  begin- 
ing  to  crawl  out  of  the  mud  and  bask  in  the  sun,  it  was  a  favorable  time  to  take 
them,  both  on  account  of  their  torpid  state,  and  to  examine  the  truth  of  the 
report  of  their  swallowing  pine  knots  in  the  fall  of  the  year  to  serve  them  (on 
account  of  their  diflScult  digestion)  during  the  term  of  their  torpor,  which  is 
probably  about  three  months.  For  this  purpose  two  Alligators  of  about  eight 
or  nine  feet  in  length  were  taken  and  oi3ened,  and  in  the  stomach  of  each  were 
found  several  pine  or  other  knots,  pieces  of  bark,  and  in  one  of  them  some 
charcoal ;  but  exclusive  of  such  indigestible  matter,  the  stomachs  of  both  were 
empty.  So  far  the  report  appears  to  be  founded  in  fact;  but  whether  these 
substances  were  swallowed  on  account  of  their  tedious  digestion,  and  therefore 
proper  during  the  time  those  animals  lay  in  the  mud,  or  to  prevent  the  collapse 
of  the  coats  of  the  stomach,  or  by  accident  owing  to  their  voracious  manner 
of  devouring  their  food,  is  difficult  to  determine. 

MISCELLANEOUS    MATTER 

The  alligator  is  not  so  discriminating  in  choice  of  food  as  many 
other  reptiles  and  swallows  strange  things.  Several  of  the  stomachs 
Mitchell  examined  resembled  the  proverbial  "  small  boy's  pocket " 
in  the  variety  of  their  contents,  including  bones  and  scales  of  various 
fishes,  turtles,  birds,  and  small  animals,  pebbles,  bulrush  roots,  and 
bits  of  dead  wood.  Dowler  (14,  P-  ^'^)  relates  that  a  gentleman  of 
Mississippi  had  been  on  a  hunting  excursion  when — 

one  of  the  party  finding  that  the  whiskey  bottle,  which  he  had  been  carrying, 
was  now  empty,  threw  it  to  an  Alligator  which  was  swimming  near,  in  a  lagoon. 
The  animal  suddenly  seized  and  crushed  it.  On  returning  to  the  same  place 
in  a  few  days  after,  the  animal  was  found  dead,  with  its  abdomen  greatly  dis- 
tended and  turned  upward.  A  physician  being  present,  it  was  determined  to 
make  a  post  mortem  examination.  Broken  fragments  of  the  bottle,  with  putrid 
fish,  were  found  in  the  stomach  and  bowels. 

Audubon  (4,  p.  280)  says  that  when  alligators  were  opened — 

*  *  *  to  see  the  contents  of  the  stomach,  or  take  fresh  fish  out  of  them,  I 
regularly  have  found  round  masses  of  a  hard  substance,  resembling  i)etrified 
wood.  [These  probably  were  bulrush  tubers,]  These  masses  appeared  to  be 
useful  to  the  animal  in  the  process  of  digestion,  like  those  found  in  the  craws 
of  some  species  of  birds.  I  have  broken  some  of  them  with  a  hammer,  and 
found  them  brittle,  and  as  hard  as  stones,  which  they  resemble  outwardly  also 
very  much.  And,  as  neither  our  lakes  nor  rivers,  in  the  portion  of  the  country 
I  have  hunted  them  in.  afford  even  a  pebble  as  large  as  a  common  egg,  I  have 
not  been  able  to  conceive  how  they  are  procured  by  the  animals,  if  positively 
stones,  or  by  what  power  wood  can  become  stone  in  their  stomachs. 

Water-worn  pebbles,  stones,  or  gravel  were  noted  in  six  of  the 
stomachs  examined.  Cinders  left  by  dredging  machines  were  en- 
countered in  14.  Empty  shotgun  shells  are  surprising  items  to  be 
mistaken  for  food  and  probably  were  taken  floating  on  the  water. 
Brass  shells  were  found  in  two  stomachs.  The  gastric  juices  are 
seemingly  strong  enough  to  dissolve  even  metal,  for  the  base  of  one 
shell  was  largely  eaten  away,  and  in  other  instances  the  metal  showed 
evidence  of  acid  action. 
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Table  3. — List  of  items  identified  in  157  stomachs  of  Alligator  mississipiensls 
with  number  of  occurrences  for  each  item  and  number  of  individuals  noted 


Kind  of  food 


Oc- 


Indl- 

vidu- 

als 


Kind  of  food 


Oo- 

cur- 

renoes 


Animal  Food 

CiASS  CRUSTACEA  (Crustaceans) 

PeneidsB  (shrimps): 
Peneus  sp 


Peneus  brasiliensis ^ 

Peneus  setiferus 

Astacidse  (crawfishes): 

Cambarus  sp 

Cambarus  clarkii 

Portunida?  (swimming  crabs) : 

Callinectes  sp 

Callinectes  sapidus 

Qrapsidffi  (wood  and  weed  crabs): 

Sesarmasp 

Sesarma  (Sesarma)  reticulatum 
Ocypodidse  (fiddler  crabs): 

Ucasp 

Uca  niinax 


Class  ARACHNIDA  (Spiders,  Scor- 
pions, and  Mites) 

Araneina  (Spiders) 

Unidentified 

Argiopidse  (orb  weavers): 

Tetragnatha  sp. _. 

LycosidsB  (wolf  spiders): 

Unidentified 

Lycosasp 

Lycosa  carolinensis 

Class  INSECTA  (Insects) 

Plecoptkra(?)  (Stone  Flies) 

Larvae 


Odonata  (Dragonflies) 


Unidentified  adults 

Unidentified  nymphs 

Orthopteka  (Grasshoppers,  Crickets, 
etc.) 

Blattidffi  (unidentified  roach) 

AcridiidsB  (unidentified  grasshopper). 
Tettieoniidse  (katydids): 

Unidentified 

Ilomocoryphus  malivolans 

Neoconocephalus  sp 

Neoconocephalus  fasclatus 

Gryllidse  (crickets):  Gryllussp 

Hemiptera  (True  Bugs) 

Gerridse  (unidentified  water-striders) . 
Notonectidae  (back-swimmers):  No- 

tonecta  undulata 

Belostomidse  (giant  water  bugs): 

Belostomasp 

Lethocerussp 

LKProoPTERA  (Butterflies  and  Moths) 
Unidentified 


DiPTKRA  (Flies) 

Unidentified 

Stratiomyidas  (soldier  flies): 

Unidentified  larvae 

Odontomyia  sp.  (larvae) 

Asllidae  (unidentined  robber  fly) 

CoLEOPTERA  (Beetles) 

Carabidae  (ground  beetles): 

Amaia  sp 

Bembidfon  sp 

Chlaeniussp 

Chlaonius  erythropus 

Harpalus  sp 


1 
71 
3 

6 

175 

IS 


16 

1 

127 
15 
94 


(0 


100 
10 


7 

333 

1 


COLEOPTERA  (Beetles)— Coutd. 

Carabidae  (ground  beetles)— Contd. 

Pasimachus  marginatus 

Poecilussp 

Scaritessp 

Scarites  substriatus 

Scarites  subterraneus 

Dytiscidae  (predacious  diving  beetles) 

Unidentified  larvae 

Cybistersp 

Cybistersp.  (larvae) 

C  ybister  flmbr iolatus 

Dytiscus  sp 

Hydaticussp 

Hydaticus  bimarginatus 

Rhantus  sp 

Thermonectes  sp 

Thermonectes  basilaris 

Hydrophilidae  (water-scavenger  bee- 
tles): 

Unidentified  water  beetles 

Berosussp 

Berosus  striatus 

Dibolocelus  ovalis 

Enochrus  sp.. 

Hydrophilus  castus 

Hydrous  sp... 

Hydrous  triangularis 

Tropistemus  sp 

Tropistemus  nimbatus 

Tropistemus  striolatus 

Erotylidae:  Languria  sp 

CoccinelUdse     (ladybirds):     Naemla 

seriata 

TenebPionidae     (darkling     beetles): 

Blapstinus  fortis _. 

Scnrabaeidae  (dung  beetles  and  leaf 
chafers) : 

Ataeniussp 

Dyscinetus  trachypygus 

Ligyrus  gibbosus... 

Chrysomelidse  (leaf  beetles)  :Haltica8p. 
Curculionida^  (weevils): 

Listronotus  obliquus 

Sphenophorus  sp , 

Sphenophorus  sequalis 

Sphenophonis  callosus 

Sphenophorus  cariosus 

Sphenophorus  pertinax 

Sphenophorus  venatus 

Hymenoptkra  (Wasps,  Ants,  Bees, 
etc.) 

Unidentified  wasp 

Formicidse  (ants): 

Crematogaster  sp 

Pheidole  sp 

Ponerasp 

Solenopsissp 

Apidae  (bees):  Bremus  sp 

Scoliidae  (scoliid  wasps):  Tiphia  sp... 
Mutillidae  (velvet  ants):  Mutilla  sp.. 

Class  GASTROPODA  (Snails) 

Unidentified 

Mactridae:  Rangia  sp 

Mytilidae:  Modlola  sp 

Physidae:  Physa  sp 

Hydrobiidae  (unidentified) 

SUBPHYLLUM  VERTEBRATA 
(Vertebrates) 

Unidentified 


^  Several  thousand. 
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Table  3. — List  of  items  identified  in  157  stomachs  of  Alligator  mississlpiensis 
with  number  of  occurrences  for  each  item  and  num^ier  of  individuals  noted — - 
Continued 


Kind  of  food 


Class  PISCES  (Fishes) 


Unidentified 

Lepisosteidse  (gars):  Lepisosteus  pla- 

tostomus - - 

Axniidse  (bowfins):  Amia  calva 

Clupeidae  (herrings,  etc.): 

Brevoortia  sp 

Brevoortia  tyrannus. 

Poecihidse  (killiflshes) : 

Cyprinodon  variegatus 

Mollienisia  sp 

Mollienisia  latipinna 

Syngnathidse  (pipe-fishes):    Syngna- 

thus  sp 

Mugilidse  (mullets) :  Mugil  cephalus.. 
Atherinidse  (-silversides,  etc.):   Meni- 

dia  sp 

Centrarchidas  (sunfishes,  bass,  etc.): 

Lepomis  sp 

Lepomisauritus.. 

Micropterus  salmoides 

Class   AMPHIBIA    (Amphibians) 

Salientli  (Toads  and  Frogs) 

Brevicipitidse:    Gastrophryne  caroli- 
nensis 


Class  REPTILIA  (Reptiles) 

Crocodilla.  (Alligators  and  Crocodiles) 

Crocodylidse:  Alligator  mississipien- 
sis  (eggs). 

Sqitamata  (Snakes  and  Lizards) 

SAURL4.  (Lizards) 

Scincidae  (skinks) :  Leiolopisma  late- 
rale , 

SERPENTES  (Snakes) 

Unidentified 

Colubridae  (colubers): 

Natrix  sp 

Natrix  elarkii 

Natrix  fasciata 

Thamnophis  sp , 

Testudinata  (Turtles) 
Kinosternidse  (musk  turtles) : 

Kinostemon   subrubrum  hippo- 
crepis 

Sternotherus  minor.. 

Testudinidse  (terrapins) : 

Malaclemys  pileata  macrospilota. 

Pseudemys  floridana 

Pseudemys  scripta 

Trionychidae    (soft-shelled    turtles) : 
'  Amyda  ferox 

Class  AVES  (Birds) 

Unidentified  feathers 

Colymbidse  (grebes): 

Colymbus  auritus 

Podilymbus  podiceps 


Oc- 
cur- 


Indi- 

vidu- 

als 


154 

1 
1 


48 
211 


Kind  of  food 


Class  AVES  (Birds)— Contd. 

Anatidse  (ducks):  Anas  fulvigula  ma- 
culosa  

Ardeidse  (herons,  bitterns):  Ixobry- 
chusexilis 

RaUidae  (rails):  Rallus elegans 

Scolopacidse  (sandpipers,  etc.):  Piso- 
biamaculata 


Class  MAMMALIA  (Mammals) 

Cabnivoka  (Carnivores) 

Mustelidae    (minks,    etc.):    Mustela 
vison  vulgivaga 

RODENTLA  (Rodents) 

Cricetidse  (mice,  rats,  etc.): 

Ondatra  rivalicia  (muskrats) 

Oryzomys  palustris  texensis  (rice 

rats).. 

Peromyscus   gossypinus    (cotton 

mouse) 

Lagomorpha  (Rabbits) 

Leporidse  (rabbits) :  Sylvilagus  aquat- 
icus  littoralis 


Vegetable  Debris 
Vegetable  debris 


Burnt  wood 

Cyperacese  (sedges): 

Scirpus  sp 

Scirpus  robustus 

Juglandacese  (hickory,  etc.):  Hicoria 
sp.  (shells) 

Nymphaeacese  (waterlilies) : 

Castalia  sp,  (seeds) 

Castalia  odorata  (seeds) __. 

Nelumbo  lutea  (seeds) 

Nymphaeasp.  (seeds) 

HnmamelidacesB      (witch-hazel) : 
Liquidambar  styraciflua  (sweet- 
gum  seed  pod) 

Leguminosse  (legumes) 

Strophostyles  sp 

Strophostyleshelvola  (seeds) 


Miscellaneous  Debris 

Water-worn  pebbles,  stones,  gravel. 

CoaL 

Cinders 

Sandstone 

Sand 

Metal-base  shotgun  shell 

Metal-base  10-gauge  shotgun  shell... 
Metal-base  12-gauge  shotgun  shell... 
Metal-base  20-gauge  shotgun  shell... 

Metal  .32  shell 

Empty  brass  .26-.36  shell 

Fragment  of  clamshelL 

Shed  lining  of  stomach 


Oc-    Indi- 
cur-    vidu- 
rences    als 
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SUMMARY 

The  geographic  range  of  the  alligator  in  the  United  States  is  being 
steadily  reduced  by  human  settlement,  drainage  operations,  and  hide 
hunting.  Indiscriminate  slaughter  for  their  hides  has  exterminated 
these  saurians  in  many  parts  of  their  original  range,  and  at  present 
they  are  most  abundant  in  fresh- water  marshes,  swamps,  and  bayou3 
adjacent  to  the  Gulf  and  South  Atlantic  coasts  from  eastern  Texas 
to  Florida,  and  locally  in  coastal  areas  of  Georgia  and  North  and 
South  Carolina. 

Alligators  receive  legal  protection  only  in  Florida  and  Louisiana. 
Their  perpetuation  for  their  interest  as  wild-life  forms  and  for  com- 
mercial uses  is  dependent  upon  the  preservation  of  such  areas  as  the 
Okefenokee  Swamp  and  the  Everglades,  Fla.,  and  the  State  wild-life 
refuges  along  the  Gulf  coast  of  Mississippi  and  Louisiana,  and  the 
establishment  of  alligator  preserves  and  farms  elsewhere. 

Alligators  more  than  12  to  15  feet  long  are  now  rarely  found.  To 
attain  a  length  of  10  feet  takes  as  many  years,  and  when  of  greater 
length  the  reptiles  must  be  considerably  more  than  10  years  old. 
The  breeding  season  extends  usually  from  May  to  July,  and  most  of 
the  eggs  are  laid  in  June,  depending  upon  seasonal  conditions  of 
moisture  and  drought.  When  hatched,  the  young  alligators  leave 
the  nest  at  once  and  start  for  water,  and  the  mother,  watching  for 
them,  guides  them  to  her  den,  where  they  remain  until  they  can  take 
care  of  themselves.  In  winter  alligators  hibernate  in  deep  pools  or 
mud,  except  in  very  warm  climates,  and  are  most  active  in  the  hot 
periods  of  July  and  August.    They  are  rarely  seen  in  cool  weather. 

The  food  ot  the  alligator  is  made  up  chiefly  of  crustaceans  (47 
per  cent),  fishes,  turtles,  and  other  vertebrates  (29  per  cent),  and 
insects  and  spiders  (23  per  cent),  consisting  for  the  most  part  of 
crabs,  crawfishes,  fishes,  turtles,  and  water  beetles.  It  does  not  appear 
that  they  are  seriously  destructive  of  useful  forms  of  wild  life,  as 
muskrats  and  turtles,  and  iniportant  food  fishes  do  not  bulk  large 
in  their  diet.  Their  depredations  on  crabs  and  shrimps  are  not  suffi- 
cient at  present  to  cause  fishermen  any  difficulty  in  meeting  the 
market  requirements.  The  insects  they  consume  mostly  are  economi- 
cally unimportant,  and  any  influence  they  may  have  on  the  control  of 
objectionable  species  of  animals  and  plants  is  for  the  most  part 
negligible.  They  undoubtedly  are  beneficial,  however,  in  feeding 
upon  the  voracious  alligator  gars,  which  destroy  food  fishes;  and 
upon  crawfishes,  which  are  burrowing  pests  of  agriculture. 

Alligators  individually  are  as  valuable  as  other  forms  of  wild  life 
in  general,  especially  to  unreclaimed  southern  marshlands  for  the 
commercial  value  of  their  hides.  Measures  should  be  taken  whei'eyer 
possible  to  insure  their  continued  existence  as  an  interesting  species, 
in  numbers  sufficient  for  their  perpetuation,  consistent  with  reason- 
able utilization  and  any  necessary  control. 
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INTRODUCTION 

During  the  vintage  seasons  of  1902  and  1903  the  United  States 
Department  of  Agriculture  undertook  a  careful  survey  of  the  grape 
districts  of  the  Pacific  slope  (fig.  1)  and  found  that  most  serious 
devastating  agencies  threatened  to  wipe  out  the  225,000  acres  of 
table,  raisin,  and  wine  grape  vineyards.  Of  these  destructive  forces 
the  Phylloxera  vitijoliae  (Fitch)  and  the  so-called  CaHfomia  vine  dis- 
ease were  of  prime  importance.  In  southern  CaUfornia  from  25,000 
to  30,000  acres  of  vines  had  been  laid  waste  (pi.  1),  and  the  entire 
vineyard  acreage  of  the  Napa  and  Sonoma  Valleys  had  been  destroyed. 
In  the  Santa  (Jlara  Valley  in  1903  the  returns  from  the  vineyards  were 
scarcely  one-twelfth  of  what  they  had  been  in  1900,  and  the  vine- 
yards were  practically  gone.  In  other  bay  counties  similar  conditions 
were  evident,  and  the  rapidity  of  the  damage  was  appalling.  Con- 
servative calculations  showed  that  the  loss  due  to  the  destruction  of 
vines  in  this  State  was  at  least  $1,000  a  day.  Considering  that  the 
entire  vinifera  region  of  the  United  States  was  interested,  and  that 
California  alone  has  an  area  adapted  to  grapes  e<][ual  to  almost  the 
whole  of  France,  which  was  then  producing  60  tmies  the  quantity 
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of  grapes  annually,  the  magnitude  of  the  interests  involved  and  the 
importance  of  aiding  the  industry — which  was  still  in  its  infancy — 
were  apparent. 

As  various  means  suggested  by  scientific  and  practical  men  had 
been  tried  and  large  sums  of  money  had  been  expended  to  safeguard 
the  vineyards  with  little  beneficial  result,  it  was  evident  that  a  com- 
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Figure  1.— Map  of  California,  showing  (by  large  black  dots)  the  location  iof  the  12  experiment 
vineyards  of  the  Bureau  of  Plant  Industry 

prehensive,  systematic  investigation  of  the  subject  was  needed  to 
save  the  industry  from  destruction. 

A  r^sum^  of  the  viticultural  investigations  in  the  vinifera  regions  of 
the  United  States  was  published  in  Bureau  of  Plant  Industry  Bulletin 
No.  172^  and  Department  of  Agriculture  Bulletin  No.  209,^  giving 
data  on  the  investigations  and  researches  made  up  to  1915.     The 
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present  bulletin  supplements  the  phylloxera-resistant  stock  researches 
reported  in  those  bulletins  and  gives  additional  data  relative  to  sub- 
sequent researches  along  this  line.  A  few  brief  statements  relative  to 
the  phylloxera  are  important. 

PHYLLOXERA  IN  CALIFORNIA  AND  IN  EUROPE 

The  phylloxera,  which  is  not  native  in  California,  was  introduced 
into  that  State  either  from  east  of  the  Rocky  Mountains,  where  it  is 
indigenous  on  wild  vines,  or  from  Europe,  or  possibly  from  both  sources. 
In  1880  it  was  found  to  exist  in  Sonoma,  Napa,  Solano,  Yolo,  Placer, 
and  Eldorado  Counties.  No  careful  investigations  had  been  made  at 
that  time  of  much  of  the  regions  farther  south  in  the  State.  It  prob- 
ably existed  in  Sonoma  Countv  as  early  as  1873,  and  it  is  possible  that 
it  occurred  in  the  Sonoma  Valley  and  on  the  Orleans  Hills  at  least  20 
years  previous  to  that  time. 

The  insect  was  probably  introduced  into  Europe  on  American  vines, 
being  taken  there  about  1858  to  1862,  when  the  destruction  of  the 
French  vines  from  oidium  was  feared.  From  that  period  imtil  1885 
it  became  widely  scattered  throughout  Germany,  Switzerland,  Aus- 
tria-Hungary, Italy,  Russia,  Turkey,  and  Austrafia. 

Innumerable  remedies  have  been  suggested  and  tried  to  eradicate  the 
phylloxera  from  vineyards,  but  it  is  conceded  that  the  only  way  to 
combat  it  successfully  is  to  reestablish  the  vineyards  on  resistant 
stocks,  except  in  the  case  of  those  that  can  be  flooded  cheaply  and 
sufficiently  to  kill  the  insects.  Locations  where  this  is  possible  are 
poor  vineyard  soils  and  sites. 

EARLY  ATTEMPTS  AT  RECONSTRUCTION  OF  VINEYARDS 

The  varying  soil  (pis.  2,  3,  4,  and  5)  and  climatic  conditions  in 
California  (Table  3,  p.  16)  have  proved  to  be  a  great  stumbling  block 
in  the  reestabUshment  of  the  vineyards  on  resistant  stocks.  As  early 
as  1876,  introductions  and  plantings  of  resistant  vines  were  made  by 
some  of  the  more  intelligent  grape  growers.  In  the  winter  of  1880-81, 
several  large  orders  were  placed  for  resistant  vine  cuttings  from  east 
of  the  Rockies.  Some  of  the  earliest  introducers  from  the  start  were 
fortunate  in  procuring  resistant  varieties  well  adapted  to  their  loca- 
tions, conditions,  and  soils.  For  instance,  below  the  town  of  Sonoma 
(pi.  5,  B),  near  San  Francisco  Bay,  selected  riparias  introduced  from 
Missouri  showed  some  adaptabiUty  to  the  conditions  there  and  also 
were  congenial  to  the  varieties  grafted  on  them.  When  this  was 
noted,  riparias  (pi.  7,  D)  as  a  stock  were  planted  indiscriminately  in 
high  and  low  localities  and  on  various  soils,  particularly  in  the  Nada 
and  Sonoma  Valleys  (pi.  5,  A  and  B),  the  vineyards  of  which  were  the 
first  to  be  destroyed  by  the  phylloxera.  Unfortunately,  in  most 
instances  the  soil  and  other  conditions  were  not  suited  to  riparia, 
and  failures  predominated. 

Then,  again,  it  was  claimed  that  the  native  grape,  Vitis  calif omicaj 
was  resistant.  Without  any  substantiation  of  this,  by  1883  at  least 
300,000  of  these  vines  had  been  planted  as  grafting  stocks.  Later 
their  resistance  was  found  to  be  even  less  than  that  of  the  labrusca. 
(PI.  7,  C.) 

A  few  years  later  it  was  found  that  the  Lenoir  (fig.  2,  C)  variety  did 
remarkably  well  in  certain  locations,  and  all  who  could  obtain  them 
planted  this  variety  as  stocks.    However,  it  was  observed  that  these 
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were  useless  on  soils  not  well  drained  or  soils  which  their  roots  could 
not  deeply  penetrate.  It  is  now  known  that  they  are  not  durable 
graft  bearers. 

The  rupestris  St.  George  (pi.  7,  A)  was  and  is  now  as  indiscrimi- 
nately planted,  and  similar  and  more  extensive  mistakes  are  being 


Figure  2.— Various  types  of  grape  root  ss^tems:  A,  Fleshy  type;  B,  shallower  spreading  type; 
C,  deep-striking  type;  D,  oblique  type 

made  with  it.  It  is  inadvisable  to  plant  this  variety  for  stock  pur- 
poses in  cool  situations  on  northerly  slopes  in  the  coast  ranges  or  to 
graft  it  with  late-ripening  sorts,  or  to  attempt  to  grow  it  on  shallow, 
wet,  very  rich,  or  stiff  clay  soils  in  any  locality.  It  requires  deep, 
permeable  soils  in  the  warmer  districts  and  locations. 
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PLATE   1 


m^':^-:C^^'  ..^: 


A,  Vineyard  partly  destroyed  by  Phylloxera  vitiafolia:  13,  vineyard  partly  destroyed  by  California 
vine  diseases;  C,  vineyard  destroyed  by  diverse  agencies 
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PLATE  2 


A  CMco  Varietal  Vineyard;  li,  Colfax  Experiment  Vineyard;  C,  Eiii  Grove  Experiment  Vineyard 
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PLATE  3 


A,  Fresno  Exi)erimeut  Viueyard;  B,  Geyserville  Ex|)eriment  Vineyard;  C,  Guasti  Experiment 

Vineyard 
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PLATE   4 


A,  Livermore  Experiment  Vineyard;  B,  Lodi  Experiment  Vineyard;  C,  Mountain  View  Experi- 
ment Vineyard 
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PLATE  5 


A,  Oakville  Experiment  Vineyard;  B,  Sonoma  Experiment  Vineyard;  C,  Stockton  Experiment 

Vineyard 
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PLATE  6 


Upper  and  lower  sides  of  leaves  of  four  native  American  species  of  grapes  used  as  stocks:  A,  Vitis 
champini,  one-fourth  natural  size;  B,  V.  doaniana,  one-sixth  natural  size;  C,  V.  candicans,  one- 
fourth  natural  size;  D,  V.  berlandieri,  one-sixth  natural  size 
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The  resistant  stocks  mentioned  and  all  others  are  good  in  soils  and 
under  conditions  to  which  they  are  adapted  (Tables  5  and  6,  pp.  25 
and  26),  but  are  less  valuable  or  even  worthless  where  they  are  not. 

FACTORS  IN  RESISTANCE 

The  resistance  of  vines  to  phvlloxera  depends  upon  their  inherent 
resistant  character  and  their  adaptation  to  soil,  climatic,  and  other 
conditions  in  which  they  are  to  be  grown.  When  used  as  stocks, 
their  resistance  is  influenced  in  direct  ratio  to  the  congeniality  existing 
between  them  and  the  varieties  to  which  they  are  to  be  grafted. 
Therefore,  to  establish  successfully  a  vineyard  on  resistant  stocks  it 
is  necessary  to  determine  the  resistants'  adaptation  to  the  soil  and 
conditions  where  they  are  to  be  grown  and  the  congeniality  of  the 
varieties  it  is  desired  to  grow  on  them. 

NATURE  OF  PHYLLOXERA  INJURY  AND  INHERENT  CHARACTER  OF  THE  VINES 

Vines  of  various  species,  particularly  those  of  American  origin  and 
their  hybrids,  possess  varying  degrees  of  resistance  to  the  attacks  of 
phylloxera.  Such  resistance  is  manifest  in  the  degree  to  which  the 
roots  of  the  vines  develop  the  characteristic  swellings,  nodes,  and 
tubercles  resulting  from  phylloxera  injury,  and  in  the  resulting  health 
and  vigor  of  the  vine.  Those  showing  no  injury  in  phylloxerated 
soils  are  considered  resistant.  The  rate  at  which  those  not  resistant 
succumb  to  the  attacks  of  phylloxera  determines  the  degree  of 
resistance  that  they  possess. 

Vines  upon  the  roots  of  which  the  phylloxera  does  not  remain  or 
produce  injury  are  said  to  be  immune.  The  phylloxera  usually  first 
punctures  the  end  of  one  of  the  youngest  roots  near  the  extremity 
and  fixes  itself  there.  Soon  thereafter,  the  swelling  or  nodosity  of 
the  puncture  appears.  This  constitutes  the  mildest  noticeable  form 
of  the  insect's  root  injury. 

The  nodosity  is  whitish  or  pinkish  and  when  seen  under  the  micro- 
scope somewhat  resembles  the  head  and  neck  of  a  long-billed  bird, 
and  the  insect  causing  it  is  as  a  rule  found  on  the  throat,  or  the  angle 
formed  where  the  head  joins  the  neck.  The  nodosities  decay  more 
or  less  rapidly  in  the  different  grape  species.  In  the  vinifera  they 
usually  rot  in  a  very  short  time.  In  the  American  species  the  nodosi- 
ties remain  sound  for  a  longer  time,  the  various  species  differing  in 
this  respect.  The  size  of  the  nodosities  on  the  different  species  also 
vary  greatly,  those  on  the  vinifera  being  about  three  times  as  large 
as  those  on  the  most  resistant  American  species.  Between  these 
extremes  may  be  found  all  intermediate  sizes. 

The  number  of  nodosities  caused  by  the  phylloxera  varies  greatly 
on  the  different  varieties.  After  the  formation  of  a  considerable 
number  upon  the  rootlets,  the  insects,  having  multiphed  gradually, 
eventually  attack  the  relatively  larger  roots.  When  cancerous 
patches  of  decomposition  are  found  on  these  roots  tuberosities  occur 
and  the  vine  is  greatly  weakened.  Wherever  tuberosities  are  found 
there  are  also  nodosities,  but  the  reverse  is  not  true.  On  some 
grape  varieties  nodosities  may  be  found  on  practically  all  of  the 
rootlets,  while  on  others  there  may  be  practically  none. 

Varieties  of  some  of  the  American  species  are  not  injured  by  the 
phylloxera  any  further  than  that  a  few  nodosities  form  on  the  roots, 
ouch  vines  have  a  very  high  resistance.     In  fact,  the  resistant  ratings 
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of  the  different  species  are  based  on  a  determination  of  the  relative 
number  and  size  of  nodosities  found  on  the  roots.  In  order  to  indicate 
somewhat  definitely  the  resistance  to  phylloxera  (not  the  value  of 
the  stock),  viticultural  scientists  have  adopted  an  arbitrary  scale  of 
ratings  in  which  the  maximum  of  resistance  or  immunity  is  taken  as 
20,  while  absence  of  or  no  resistance  is  zero.  In  accordance  with  this 
rating,  Viala  and  Ravaz  ^  drew  up  the  following  scale  of  resistance  of 
different  species:  Rotundifolia,  19;  vulpina  (pi.  7,  D),  riparia,  rupes- 
tris  (pi.  7,  A),  and  cordifolia,  18;  berlandieri  (pi.  6,  D)  and  monticola, 
17;  cinerea,  aestivalis  (pi.  7,  B),  and  candicans  (pi.  6,  C),  15;  longii 
and  nova  mexicana,  14;  bourquiniana,  12;  labrusca  (pi.  7,  C),  5; 
vinifera,  0.  According  to  this,  Vitis  rotundijolia  is  rated  highest, 
with  19  points,  which  for  all  practical  purposes  represents  absolute 
resistance,  whereas  the  vinifera  show  0,  or  no  resistance. 

ADAPTATION  TO  SOIL,  CUMATE,  AND  OTHER  CONDITIONS 

The  resistance  of  a  vine  to  the  attacks  of  the  phylloxera  without 
serious  injury  is  influenced  greatly  by  the  adaptability  of  the  vine  to 
the  climatic  (Table  3)  and  soil  conditions  (see  descriptions  of  experi- 
ment vineyard  sites)  in  which  it  is  grown.  These  either  increase  or 
diminish  the  vigor  of  the  plant  and  retard  or  favor  the  repairing  of 
the  insect  injuries.  The  soil  and  the  climate  also  affect  the  resistance 
by  favoring  or  hindering  the  approach,  dissemination,  and  activity 
of  the  insect.  For  example,  sand  of  a  certain  fineness  is  an  obstacle 
to  the  insect  in  going  from  the  surface  of  the  ground  to  the  roots  of 
the  vines  and  from  one  vine  to  another. 

CHmatic  differences  also  affect  the  multiplication  of  the  insect. 
Also,  a  vine  variety  which  in  one  locahty  has  splendid  resistant 
qualities  perishes  in  another  locahty  having  the  same  soil  but  a  dif- 
ferent climate,  or  in  another  locahty  having  the  same  cUmate  but  a 
different  soil.  This  is  due  not  only  to  the  adaptabihty  of  some  species 
to  moist  and  others  to  drier  soil  and  the  like,  but  also  to  the  habit  of 
the  root  systems  of  the  species  (fig.  2),  which  vary  from  horizontal  to 
vertical,  and  to  other  characteristics  of  the  roots,  which  vary  from 
thick  to  thin  and  from  soft  to  hard,  with  intermediate  grades  between 
these  extremes.  It  will  readily  be  seen  how  a  horizontal-root  system 
would  suffer  in  a  dry  soil  and  a  hot  climate,  also  what  a  punishment 
it  would  be  for  a  deep-rooting  system  to  be  planted  in  a  shallow  hard 
soil  or  a  moisture-loving  variety  where  there  is  but  little  moistm-e. 

Congeniahty,  or  the  lack  of  it,  existing  between  vine  varieties  when 
grafted  on  other  vine  varieties  also  has  its  influence  on  phylloxera 
resistance.  For  instance,  varieties  lacking  in  congeniality  would 
make  a  comparatively  weak  growth  and  thus  succumb  more  easily 
to  phylloxera  attacks.  Other  causes — and  there  are  many — affect 
the  resistant  quahties  of  vines;  and  it  is  with  the  study  of  the  adap- 
tation of  resistant  varieties  to  varying  conditions  that  the  researches 
here  reported  are  concerned.  Under  favorable  conditions  of  soil  and 
climate  a  variety  will  frequently  prove  more  resistant  than  one  that 
has  greater  natural  resistance  but  is  not  adapted  to  the  particular 
conditions.  Thus,  the  Lenoir  in  many  locahties  in  California  on 
deep  loose  soils  (fig.  2,  C)  is  an  excellent  resistant  as  an  entire  plant 
and  has  been  largely  planted  in  this  and  foreign   countries  for  its 

«  Viala,  P.,  and  Ravaz,  L,  American  vines  (resistant  stock);  their  adaptation,  culture,  graft- 
ing AND  propagation.  Traasl.  of  Ed.  2  by  R.  Dubois  aad  E.  H.  Dwight.  Pt.  3,  pp.  198,199.  San  Fran- 
cisco.   1903. 
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own  fruit  as  a  direct  producer,  but  investigations  *  show  that  it 
should  not  be  used  as  a  graft  bearer.  Again,  the  rotundifoUa,  which 
of  all  the  species  is  rated  the  highest  iu  resistance  to  phylloxera,  is 
uncongenial  to  vinifera  varieties  and  therefore  valueless  as  stocks. 

The  waste  of  money  spent  in  the  reestabUshment  of  vineyards  in 
CaUfornia  from  the  first  appearance  of  phylloxera  to  the  present  time 
can  not  even  be  approximately  estimated.  Considerable  losses  of 
vineyards  are  likely  to  occur  in  the  more  than  400,000  acres  planted 
in  this  State  during  the  last  10  years  which  are  not  on  resistant 
stocks.  That  the  destruction  of  California  vineyards  has  been  con- 
tinuous LQ  recent  years  is  evident  from  the  fact  that  the  annual 
yields  of  grapes  during  the  last  three  years  are  practically  the  same, 
although  Targe  acreages  have  been  set  out  each  year.  "* 

Some  of  the  direct  causes  of  these  results  are  the  planting  of  non- 
resistants,  or  of  resistants  not  adapted  to  the  conditions,  and  graft- 
ing on  these  stocks  vinifera  uncongenial  to  them  or  not  suited  to  the 
local  conditions ;  the  introduction  of  foreign  resistants  not  true  to  name; 
and  improper  care  and  management  of  resistant  vineyards,  such  as 
allowing  roots  to  grow  from  viuifera  tops  grafted  on  resistant  stocks. 

Furthermore,  in  ante  bellum  days,  when  labor  and  production  costs 
were  less  than  half  of  what  they  are  at  the  present  time,  Cahfomia 
nurserymen  began  to  furnish  growers  with  resistant  stocks  and 
vinifera  grafted  on  such  stocks,  but  they  found  themselves  undersold 
by  foreign  nurserymen  who  were  dehvering  them  for  slightly  more 
than  half  the  cost  of  producing  them  here.  Since  the  iutroduction 
of  grafted  vines  is  forbidden  by  the  Federal  quarantine,  California 
nurseries  carry  only  rupestris  St.  George,  compelling  growers  who  can 
not  obtain  other  resistant  stocks  to  plant  either  rupestris  St.  George 
or  nonresistant  vinifera  varieties. 

FOREIGN  DETERMINATIONS  AS  TO  RESISTANCE  INAPPUCABLE  IN  AMERICA 

In  the  portions  of  the  United  States  where  the  vinifera  varieties  are 
commercially  grown,  soil,  climate,  and  other  conditions  differ  so  much 
from  those  of  France  that  it  is  not  often  safe  to  accept  the  resistance 
ratings  given  by  French  viticulturists  to  the  different  varieties. 
This  is  very  forcibly  shown  by  the  experience  with  riparia  varieties 
so  largely  used  by  the  French  in  the  past,  but  which  are  adapted  to 
few  grape  localities  in  California.  Also,  the  French  vineyards  are 
so  largely  located  on  Umy  soils  that  the  ability  of  resistant  stocks  to 
endure  calcareous  conditions  has  entered  much  more  largely  into  the 
varietal  ratings  than  is  necessary  for  stocks  in  Cahfomia,  making  it 
plain  that  the  resistance  standards  established  by  the  French  can 
not  be  accepted  as  infaUible  in  America  or,  in  fact,  serve  as  more  than 
general  guides  for  American  viticultural  investigators  or  vineyardists. 

Of  the  23  species  of  grapes  native  to  North  America,  14  have  been 
found  sufficiently  resistant  to  merit  the  attention  of  the  viticulturist 
and  have  been  imder  test  in  the  experiment  vineyards  of  the  United 
States  Department  of  Agriculture.  Table  1  snows  their  natural 
habitat,  the  locations,  sites,  the  type  of  soil  they  prefer,  the  habits 
of  the  vines,  their  root  systems,  the  relative  season  of  leafing,  flower- 
ing, and  ripening  of  the  fruit,  the  ease  or  difficulty  of  propagating 
theni,  their  suitability  for  either  bench  or  field  grafting,  and  their 
relative  resistance  to  phylloxera,  cold,  dampness,  neat,  and  drought. 

*  Husmann,  O.  C.    Op.  cit. 
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10      TECHNICAL  BULLETIN    146,   U.   S.   DEPT.   OF  AGRICULTURE 
COOPERATIVE  EXPERIMENT  VINEYARDS 

To  afford  facilities  for  a  comprehensive  study  and  adaptability- 
tests  of  phylloxera-resistant  grape  varieties,  12  experiment  vine- 
yards have  been  established  in  California  at  different  times,  one  at 
the  United  States  Plant  Introduction  Garden  near  Chico  and  the 
others  at  Colfax,  Elk  Grove,  Fresno,  Geyserville,  Guasti,  Livermore, 
Lodi,  Mountain  View,  Oakville,  Sonoma,  and  Stockton,  in  coopera- 
tion with  growers  in  these  grape-growing  centers.  These  vineyards 
are  locatea  on  the  leading  soil  types  at  different  altitudes,  at  varying 
distances  from  the  ocean  and  other  bodies  of  water,  and  under  dif- 
ferent climatic  and  other  conditions  (fig.  1),  a  brief  description  of 
which  follows.  The  soil  descriptions  are  from  data  furnished  by  the 
Bureau  of  Chemistry  and  Soils,  and  the  weather  data  are  taken  from 
records  furnished  by  the  San  Francisco  office  of  the  Weather  Bureau 
and  from  observations  made  in  the  vineyards.  Correlation  and 
mechanical  analysis  of  the  soils  and  fuller  climatic  data  are  given  in 
Bulletin  172  of  the  Bureau  of  Plant  Industry.^ 

Attention  is  called  to  the  fact  that  each  of  the  aforementioned 
experiment  vineyards  ^  was  located  on  land  just  cleared  of  phylloxera- 
infested  vines,  so  that  these  sites  and  vineyards  adjacent  to  them 
were  full  of  phylloxera.  Furthermore,  in  the  Fresno  and  Oakville 
experiment  vineyards  (the  plantings  in  these  two  vineyards  con- 
jointly including  all  the  so-called  phylloxera-resistant  stock  varie- 
ties that  the  department  has  had  under  test)  the  roots  of  the  vines 
were  annually  inoculated  with  phylloxera  to  make  absolutely  certain 
that  they  were  enabled  to  resist  the  attacks  of  this  insect  under  the 
various  climatic,  soil,  and  other  conditions  found  in  the  different 
experiment  vineyard  locations. 

GENERAL  PLAN  OF  PLANTINGS  ^ 

In  the  Chico  varietal  vineyard  only  2  vines  of  each  variety  have 
been  planted,  whereas  in  all  the  other  vineyards  the  plantings,  for 
comparative  tests  and  study,  were  made  in  regular  checks  of  10 
vines  of  each  variety  except  in  instances  where  nothing  definite  was 
known  of  a  variety,  and  plantings  of  a  less  number  (usually  5  vines 
ot  a  variety)  were  made  for  a  preliminary  study.  Each  vine  received 
its  block,  row,  and  vine  number.  A  complete  history  and  accurate 
records  were  kept  from  the  tirde  of  planting.  Their  behavior  was 
closely  noted,  detailed  descriptions  were  made  of  the  vines,  sind  their 
value  and  adaptability  to  different  conditions  recorded. 

CHICO  VARIETAL  VINEYARD 

The  Chico  varietal  vineyard  is  located  at  the  United  States  Plant 
Introduction  Garden.  (PL  2,  A.)  The  alluvial  soil,  composed  of 
material  brought  down  from  the  mountains  and  hills  on  the  east,  is 
8  to  12  feet  deep  and  is  underlain  by  a  body  of  sandy  waterworn 
gravel  and  bowlders,  which  always  carry  water.  The  soil  is  of  light 
texture,  varying  from  a  light  loam  to  heavy,  fine  sandy  loam,  the 

«  HusMANN,  Q.  C.    1910.     Op.  cit. 

«  Acknowledgment  is  made  to  the  property  owners  of  the  various  cooperative  experiment  vineyard 
sites  for  the  very  com-teous  cooperation  at  all  times  extended  to  representatives  of  the  U.  S.  Department 
of  Agriculture. 

'  In  the  care  and  maintenance  of  the  California  experiment  vineyards  and  in  prosecuting  researches  in 
them,  George  C.  Husmann,  pomologist  in  charge  of  grape  investigations,  is  assisted  by  Fred  L.  Husmann, 
superintendent,  and  Elmer  Snyder,  associate  pomologist. 
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heaviest  being  loam.  It  is  well  drained  and  easily  cultivated.  The 
heavy,  fine  sandy  loam  consists  of  30  to  36  inches  of  fine  sandy  loam, 
underlain  by  very  fine  sandy  loam,  usually  containing  some  gravel. 
The  light  loam  has  10  to  15  inches  of  fine  sandy  loam  underlain  by 
a  heavier  structure  closely  approaching  loam.  The  largest  area  of 
this  soil  is  found  about  Chico,  but  similar  soil  occurs  in  the  Feather 
and  Bear  River  Valleys. 

At  the  Chico  vineyard  are  being  assembled  and  maintained  two 
plants  each  of  grape  varieties  that  prove  of  special  value  for  specific 
purposes,  together  with  grape  immigrants  from  all  parts  of  the  world 
mtroduced  by  the  Office  of  Foreign  Plant  Introduction. 

COLFAX  EXPERIMENT  VINEYARD 

The  Colfax  experiment  vineyard  was  estabHshed  on  the  property 
of  Louis  Cortopassi  in  the  Sierra  Nevada  Mountains.     (PL  2,  B.) 

The  soil,  which  is  usually  fairly  deep,  well  drained,  and  hilly,  origi- 
nated in  the  decomposition  of  the  Mariposa  formation,  consisting  of 
dark  shales  or  slates,  sandstone  or  quartzite  sandstones,  and  conglomer- 
ates. The  large  proportion  of  iron  present  from  decomposing  vol- 
canic-rock material  when  exposed  to  perfect  weathering  gives  the 
soil  a  deep  red  color.  Dark,  shallow,  conglomerate  rocks  sometimes 
outcrop  in  spots,  and  rock  fragments  occur.  The  first  few  inches  are 
often  dark  red,  from  the  accumulation  of  organic  matter.  The  first 
8  to  18  inches  are  usually  brownish  red  clay  or  clay  loam,  underlain 
by  3  to  6  feet  of  red  clay  or  clay  loam,  with  partially  decomposed 
and  weathered-rock  formation,  giving  the  soil  a  yellow  appearance. 
Rock  outcrops  of  conglomerates,  chert,  and  slate  occur  in  the  higher 
portions. 

The  native  vegetation  is  manzanita,  chaparral,  live  oak,  and 
yellow  pine.  The  Colfax  district  is  unique  in  the  diversity  of  fruits 
grown  on  sidehill  locations. 

ELK  GROVE  EXPERIMENT  VINEYARD 

The  Elk  Grove  experiment  vineyard  is  on  the  property  of  the  Colo- 
nial Grape  Products  Co.  in  the  Sacramento  Valley  plain.  (PI.  2,  C.) 
This  plain  is  gently  undulating,  with  frequent  low  mounds  and  inter- 
vening depressions  commonly  called  hog  wallows  and  occasional  larger 
but  locally  inclosed  basinlike  depressions.  Surface  drainage  is  mod- 
erately well  developed.  The  occurrence  of  compact  heavy  subsoils 
is  usually  accompanied  by  indurated  or  cemented  substrata  or  layers 
of  hardpan.  Subdrainage  is  restricted,  which  during  and  immediately 
following  the  winter  rainy  seasons  renders  the  soils  cold,  wet,  and  boggy, 
with  water  standing  in  the  depressions. 

The  soil  of  this  vineyard  tract  strongly  resembles  both  the  San 
Joaquin  and  the  Madera  series.  The  surface  is  Madera  loam — clay 
loam  of  dark-brown  to  light  reddish  or  sometimes  yellowish  brown 
color — 9  to  18  inches  in  depth  and  is  friable  when  in  favorable  con- 
dition of  moisture.  The  subsoil,  occurring  9  to  18  inches  below  the 
surface,  varies  from  7  to  13  inches  in  depth  and  is  a  heavy,  compact, 
semicemented,  dark  to  yellow-brown  clay,  grading  to  hardpan. 
Undern'eath  the  subsoil  is  a  hard  stratum  of  hardpan.  The  soil  and 
subsoil  material  are  retentive  of  moisture  and  under  favorable  con- 
ditions of  drainage,  irrigation,  cultivation,  and  depth  to  hardpan  are 
well  adapted  to  vine  culture. 
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FRESNO  EXPERIMENT  VINEYARD 

The  United  States  Experiment  Vineyard  near  Fresno,  Calif., 
(pi.  3,  A)  was  established  on  the  property  of  the  Fresno  Vineyard  Co. 
The  soil  is  the  San  Joaquin  sandy  loam.  The  fact  that  it  is  an  out- 
lying isolated  portion  of  soil  of  this  character  accounts  for  the  in- 
creased depths  to  hardpan  and  the  sandier  subsoil  immediately  above. 
The  San  Joaquin  sandy  loams  are  confined  to  lands  adjacent  to  the 
lower  foothills  on  the  eastern  side  of  the  San  Joaquin  and  Sacramento 
Valleys,  where  75,000  acres  near  Fresno,  6,000  acres  near  Stockton, 
and  265,000  acres  in  the  vicinity  of  Sacramento  have  already  been 
mapped.  The  soil  is  light  red  in  color,  granitic  in  origin,  and  com- 
posed largely  of  sharp,  angular  particles.  The  surface  is  rolling  and 
generally  covered  with  hog  wallows  and  small  mounds. 

In  this  plot  two  varieties  of  soil  were  recognized,  namely,  an  adhesive 
sandy  loam,  closely  approaching  a  true  loam,  and  a  friable  sandy  loam. 
The  former  retains  moisture  longer  than  the  latter,  which  is  a  deeper 
soil  of  lighter  texture.  In  leveling  the  plot  the  natural  soil  conditions 
were  disturbed,  the  depth  of  the  sticky  adhesive  sandy  loam  was 
decreased  in  spots,  and  free  sandy  loam  was  exposed  in  other  places, 
causing  the  hardpan  underlying  the  plot  to  occur  at  depths  varying 
from  scarcely  20  inches  to  more  than  6  feet,  whereas  the  average 
depth  is  3 K  to  4  feet  below  the  surface.  This  hardpan,  which  always 
accompanies  San  Joaquin  sandy  loam  soil,  is  a  red  iron-sandstone 
substance  cemented  by  hydrates  of  iron  and  alumina  combined  with 
clay.  When  this  occurs  at  2  feet  or  less  below  the  surface,  blasting  is 
necessary.  Trees  and  vines  thrive  when  the  hardpan  is  broken  or 
where  it  lies  at  a  sufficient  depth  below  the  surface. 

The  soil  of  the  plot  above  the  hardpan  contains  alkali  varying  from 
less  than  0.05  to  more  than  20  per  cent;  in  the  lowest  grade  soil,  how- 
ever, no  alkali  is  visible.  Of  the  salts,  about  2  per  cent  are  potassium 
and  more  than  90  per  cent  are  chlorides,  about  as  follows:  Calcium, 
50;  magnesium,  25;  sodium,  15.  The  remainder  consists  of  calcium 
sulphate  and  bicarbonate  of  soda.  The  depth  of  the  water  table  on 
the  tract  averages  8  feet. 

This  is  the  second  in  importance  of  the  experiment  vineyards  of  the 
United  States  Department  of  Agriculture.  It  was  purchased  by  the 
Federal  Government  in  1923,  since  which  time  it  has  become  impor- 
tant as  a  place  for  viticultural  research. 

GEYSERVILLE  EXPERIMENT  VINEYARD 

The  Geyserville  experiment  vineyard  was  established  on  the  prop- 
erty of  John  D.  Bosch.  (PL  3,  B.)  The  soil  consists  of  a  uniform 
dark  gravelly  loam  to  a  depth  of  2)^  to  3  feet  with  a  subsoil  of  light  or 
yellowish  brown  color,  similar  in  texture  to  the  topsoil.  The  soil  is 
very  mellow  and  carries  considerable  humus,  which  enables  it  to  retain 
moisture  well.  This  type  of  soil  extends  over  considerable  areas  along 
the  streams  and  the  floor  of  the  Sonoma  Valley,  having  been  washed 
from  the  shale,  schist,  and  conglomerate  hills.  Soils  of  this  type  pro- 
duce some  of  the  choicest  red  and  white  grape  juices  of  the  State. 

GUASTI  EXPERIMENT  VINEYARD 

The  Guasti  experiment  vineyard,  in  the  San  Bernardino  Desert,  was 
estabhshed  on  the  property  of  the  Italian  Vineyard  Co.     (PL  3,  C.) 
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The  soil,  mapped  as  Maricopa  gravelly  sand  and  washed  from  the 
Sierra  Madres,  is  a  gray-brown  gravelly  sand  of  a  texture  uniform  to 
an  unknown  depth.  The  surface  is  compact  when  untilled,  because 
the  sharp  angular  sand  in  its  composition  becomes  somewhat  cemented 
by  the  organic  matter  occurring  in  the  topsoil.  At  a  depth  of  3  feet 
it  is  more  concentrated  and  often  yellowish  from  the  oxidation  of  iron. 
It  is  almost  entirely  granitic  and  contains  quantities  of  undecomposed 

Eotash  and  feldspar  particles,  which  would  indicate  that  there  would 
e  abundant  potash  for  the  maturing  of  grapes.  It  covers  most  of  the 
San  Bernardmo  Valley  floor  and  when  thoroughly  cultivated  holds 
moisture  well,  the  fine  sand  and  silt  giving  the  capillary  power  to 
bring  water  up  from  below.  Two  of  the  largest  vineyards  of  the 
world  are  in  this  valley,  on  similar  soil.  As  the  phylloxera  was  not 
known  to  exist  there,  the  plantings  in  this  experiment  vineyard  were 
principally  vinifera  varieties.  However,  phylloxera-resistant  stocks 
were  mcluded  in  the  tests,  to  supply  information  relative  to  the 
adaptability  of  such  stocks  to  that  section. 

UVERMORE  EXPERIMENT  VINEYARD 

The  Livermore  experiment  vineyard  was  estabhshed  on  the  propertv 
of  C.  H.  Wente.  (PI.  4,  A.)  The  vineyard  has  a  very  uniform,  level, 
alluvial  soil,  derived  from  decomposed  shales  and  schists,  and  is 
full  of  rounded  gravel  washed  down  from  the  surrounding  mountains. 
The  surface  soU  is  a  dark-brown  gravelly  loam;  the  second,  third,  and 
fourth  feet  are  gravelly  sandy  loam,  replaced  by  gravelly  sand  in  the 
fifth  foot.  The  humus  decreases  with  the  depth,  while  the  gravel 
increases,  varying  from  30  to  59  per  cent.  The  proportion  of  clay  is 
greater  than  that  of  silt,  which  gives  the  soil  a  very  heavy  appear- 
ance, the  gravel  sticking  together  very  tightly  when  dry  or  packed. 
There  is  no  alkali  in  the  soil,  but  ground  water  is  encountered  at  a 
depth  of  5  or  6  feet  in  some  places.  These  soils  are  common  over  the 
Livermore  Valley,  and  grapes  grown  on  them  produce  a  superior  white 
juice  of  the  sauterne  type. 

LODI  EXPERIMENT  VINEYARD 

The  Lodi  experiment  vineyard  was  established  on  the  Lawrence  & 
Murray  property.  (PI.  4,  B.)  A  large  body  of  this  soil  exists 
between  Lodi  and  Acampo. 

There  are  two  variations  in  the  plot.  Phase  No.  1  is  a  brown,  free, 
sandy  loam,  underlain  below  4)^  feet  by  a  more  adhesive  light-brown 
or  yellowish  sandv  loam.  Occasional  iron  concretions  give  the  sub- 
soil a  mottled  color.  The  soil  has  good  capillarity,  and  the  water 
table  occurs  at  5  to  6  feet.  Phase  No.  2,  an  adhesive  sand,  was 
formed  by  an  old  stream  channel.  This  is  Hght-brown  sand  to  a 
depth  of  3  feet,  the  subsoil  water- washed  sand,  much  looser  in  texture 
and  lighter  in  color,  and  dry  to  a  depth  of  more  than  6  feet,  as  the 
soil  texture  is  too  loose  to  exert  much  capillary  force.  There  is  no 
hardpan  or  alkali.  The  soils,  however,  are  deficient  in  lime,  but  other- 
wise they  are  very  productive,  comparatively  level,  unirrigated,  and 
easily  tilled.  This  locality  is  well  known  for  its  table  grapes  and  as 
a  table-grape  shipping  point. 
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MOUNTAIN  VIEW  EXPERIMENT  VINEYARD 

The  Mountain  View  experiment  vineyard  was  established  on  the 
property  of  Mrs.  Carohne  Distel,  on  the  west  side  of  the  Santa  Clara 
Valley.     (PI.  4,  C.) 

The  soil  is  a  gravelly  Placentia  sandy  loam.  The  first  12  inches  are 
gravelly  sandy  loam,  dark  bro\\^n  from  humus;  below  this,  to  a  depth 
of  4  feet,  the  subsoil  becomes  redder  and  more  gravelly  until  sand  is 
encountered.  It  is  well  drained,  but  inclined  to  become  too  dry  in 
summer  and  fall.  The  surface  soil  at  times  becomes  quite  compact 
and  when  plowed  breaks  up  into  hard  clods.  When  tilled  at  the 
right  time  it  works  into  a  very  mellow  condition.  These  soils  are 
from  washings  of  granitic  sandy  shales  and  schist  rocks. 

Before  the  destruction  of  vineyards  by  phylloxera  and  other  agen- 
cies, the  Santa  Clara  Valley  was  the  banner  wine-producing  section  of 
California. 

The  following  areas  of  Placentia  sandy  loam  have  been  surveyed 
in  California:  San  Jose,  61,500;  lower  Salinas,  74,000;  Los  Angeles, 
66,000;  San  Bernardino,  87,000;  San  Gabriel,  48,000;  and  Santa  Ana, 
16,800  acres.  Soils  of  this  series  occur  throughout  the  Coast  Range 
of  mountains  from  San  Francisco  to  the  Mexican  line,  occupying 
undulating  portions  of  valleys  close  to  the  hills. 

OAKVILLE  EXPERIMENT  VINEYARD 

The  United  States  Experiment  Vineyard  near  Oakville,  Calif., 
(pi.  5,  A)  was  established  on  the  property  of  the  To-Kalon  Vineyard 
Co.  The  soil  is  a  dark-brown  or  black  gravelly  clay  or  heavy  loam, 
containing  a  large  quantity  of  organic  matter  formed  in  a  swamp  or 
lagoon  extending  in  past  geological  ages  up  Napa  Valley  from  San 
Pablo  Bay,  typical  of  the  greater  part  of  the  soils  in  the  valley  floor. 
On  weathering,  the  shales,  sandstones,  limestones,  lime  conglomerates, 
and  large  quantities  of  gravel  with  little  erosion  of  edges  are  washed 
down  from  the  steep  hills  or  mountains  surrounding  Napa  Valley  and 
tend  to  form  a  heavy  or  clayey  soil  with  only  small  quantities  of  sand. 
No  hardpan  or  alkali  appears.  The  surface  is  undulating,  affording 
a  fairly  rapid  run-off  of  surplus  rain  water,  although  in  places  the  sub- 
soil is  somewhat  wet  during  the  spring  months.  No  irrigation  is 
necessary.  The  clay  and  silt  in  the  subsoils  greatly  aid  in  retaining 
moisture  in  spite  of  the  20  to  40  per  cent  of  gravel  that  they  contain. 
Cultivation  reduces  the  surface  to  a  good  mulch. 

When  grape  culture  in  Napa  Valley  and  the  adjoining  foothills 
became  an  important  industry,  a  reputation  for  the  superior  qualities 
of  Napa  County  wines,  especially  its  white  wines,  was  rapidly  made, 
and  it  has  remained  one  of  the  leading  juice-grape  sections  of  the 
State. 

This  property  was  purchased  by  the  Federal  Government  in  1923, 
since  which  time  it  has  rapidly  become  the  most  important  experiment 
vineyard  of  the  United  States  Department  of  Agriculture  for  viti- 
cultural  research. 

SONOMA  EXPERIMENT  VINEYARD 

The  Sonoma  experiment  vineyard  was  established  on  the  property 
of  the  Gundlach-Bundschu  Wine  Co.  (PL  5,  B.)  The  soil  is  of  rather 
poor  quality.  To  a  depth  of  8  or  10  inches  it  is  a  gray  loam,  more 
easily  tilled  than  its  texture  indicates.  The  subsoil  is  clay  to  a  depth 
of  6  feet,  showing  at  4  feet  an  increase  of  sand,  from  hght  brown  to  a 
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yellowish  brown  in  color.  The  soil  is  found  near  where  the  weathered 
shales  from  the  surrounding  hills  have  been  partially  broken  down 
and  transported  into  the  valleys,  where  they  decompose.  The  soil 
usually  occupies  small  undulating  ridges  or  elevations  and  is  sur- 
rounded by  the  dark-brown  alluvial  clay  loam  of  the  valley  floor. 
The  surface  drainage  is  good,  and  alkali  is  not  present  in  injurious 
quantities.  This  soil  occurs  over  extensive  areas  in  the  Sonoma 
Valley  and  in  the  adjacent  bay  regions  and  produces  superior  white 
juices  of  the  Riesling,  Chasselas,  and  Traminer  types. 

STOCKTON  EXPERIMENT  VINEYARD 

The  Stockton  experiment  vineyard  was  established  on  the  property 
of  the  San  Joaquin  Valley  Realty  Co.,  on  Stockton  clay-loam  adobe. 
(PL  5,  C.)  This  type  of  soil,  locally  known  as  black  adobe,  was  laid 
down  in  a  swamp  or  tidal  marsh  in  quiet  water,  the  decomposing 
vegetation  giving  it  a  black  color.  It  is  a  clay  loam  in  texture,  adhe- 
sive and  sticky  when  wet  and  very  hard  when  dry,  cracking  into  large 
cubical  blocks  full  of  small  cubical  fractures.  SuflScient  rain  slakes 
the  clods  readily.  If  cultivated  when  neither  too  wet  nor  too  dry, 
the  soil  is  friable  and  pulverizes  well.  The  subsoil  is  a  light-yellow 
silt  loam,  usually  separated  from  the  surface  soil  at  a  depth  of  2% 
feet  by  a  thin  stratum  about  one-half  inch  in  thickness,  of  rather  soft 
marly  or  calcareous  hardpan,  which  is  not  always  continuous  and  is 
often  broken  or  disintegrated.  Roots  and  water  readily  penetrate 
the  subsoil,  often  passing  through  the  hardpan.  The  depth  to  the 
water  table  varies  from  3}^  to  6  feet  in  wet  seasons  and  from  6  to  10 
feet  in  dry  ones.  This  variation  is  influenced  by  a  thin,  marly  hard- 
pan,  which  appears  to  hold  the  water  down  under  pressure. 

It  is  somewhat  difficult  to  establish  vineyards  on  these  soils,  but 
when  successful  they  are  very  productive  and  lasting.  Grapes  for 
diverse  purposes  are  grown  on  them.  One  of  the  largest  grape-juice 
establishments  in  the  world  is  located  near  Stockton,  and  heavy  ship- 
ments of  table  grapes  grown  on  these  soils  are  made.  Soils  of  this 
type  in  California  have  been  mapped  as  follows:  Stockton,  53,312 
acres;  Hanford,  5,470  acres;  Fresno,  5,664  acres.  This  soil  covers 
many  thousand  acres  between  the  Marysville  Buttes  and  about 
North  Durham  in  the  Sacramento  Valley. 

DATA  CONCERNING  THE  EXPERIMENT  VINEYARDS 

Data  concerning  the  12  experiment  vineyards  are  given  in  Tables 
2  and  3. 
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Table  2. — Location  of  the  12  experiment  vineyards  of  the  Bureau  of  Plant  Industry 
in  California,  their  elevation,  year  established,  number  of  resistant  vine  varieties 
in  each,  and  year  when  discontinued 


Location  of  vineyard 

Elevation 
(feet) 

Estab- 
lished in 
the  spring 

Resistant 
vine  vari- 
eties 

Discon- 
tinued 
June  30— 

Chico,  Butte  Co.,  4  miles  south  of  town... 

196 
2,412 

53 
290 
236 
950 
450 

55 

76 
161 
110 

15 

1906 

1906 

1914 

1903    ' 

1904 

1904 

1904 

1904 

1904 

1903 

1904 

1907 

764 
122 
147 
187 
94 
83 
109 
112 
124 
306 
117 
91 

Elk  Grove,  Sacramento  Co.,  one-fourth  mile  south  of  town 

Fresno,  Fresno  Co.,  4  miles  southeast  of  town. 

1919 

Guasti  San  Bernardino  Co.,  at  the  station 

1919 

1914 

Lodi,  San  Joaquin  Co.,  one-fourth  mile  northeast  of  town 

Mountain  View  Santa  Clara  Co.,  2  miles  west  of  town 

1919 
1912 

Oakville,  Napa  Co.,  one-half  mile  west  of  town... 

1919 

Stockton  San  Joaquin  Co.,  1  mile  southeast  of  town 

1920 

Table  3.- 


■Temperature  and  rainfall  at  the  12  experiment  vineyards  of  the  Bureau 
of  Plant  Industry  in  California 


MAXIMUM  TEMPERATURE  (°  F.) 


Vineyard 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

74 

78 

83 

94 

104 

111 

114 

116 

106 

96 

82 

74 

73 

88 

89 

86 

98 

110 

107 

108 

99 

91 

82 

78 

72 

80 

82 

89 

103 

106 

110 

110 

106 

98 

81 

73 

77 

84 

101 

110 

107 

115 

113 

108 

98 

84 

74 

79 

83 

91 

102 

108 

116 

116 

110 

113 

103 

98 

79 

83 

87 

88 

98 

101 

105 

108 

106 

105 

98 

89 

80 

77 

79 

88 

95 

108 

108 

113 

107 

108 

99 

87 

75 

70 

72 

80 

91 

104 

104 

110 

104 

105 

91 

78 

67 

76 

76 

85 

94 

104 

106 

111 

99 

109 

96 

84 

75 

77 

75 

86 

95 

106 

109 

110 

105 

110 

98 

84 

74 

77 

76 

82 

91 

104 

109 

106 

101 

111 

97 

82 

72 

67 

70 

80 

89 

102 

105 

110 

103 

104 

90 

84 

66 

An- 
nual! 


Chico 

Colfax 

Elk  Grove 

Fresno 

Geyserville 

Guasti 

Livermore. 

Lodi 

Mountain  View 

Oakville 

Sonoma. -_ 

Stockton 


116 
110 

110 
115 
116 
108 
113 
110 
111 
110 
111 
110 


MAXIMUM  TEMPERATURE  (°  F.) 


Chico 

Colfax 

Elk  Grove 

Fresno 

QeyservUle 

Guasti 

Livermore 

Lodi 

Mountain  View 

Oakville 

Sonoma 

Stockton. _ 


18 

20 

25 

30 

33 

40 

46 

48 

40 

34 

21 

22 

14 

19 

24 

25 

30 

34 

44 

38 

34 

24 

18 

16 

19 

21 

29 

35 

37 

44 

47 

48 

44 

36 

27 

24 

24 

25 

30 

34 

40 

42 

51 

52 

42 

36 

31 

24 

21 

21 

29 

30 

33 

37 

40 

39 

35 

30 

26 

23 

26 

26 

30 

32 

36 

39 

42 

42 

44 

39 

30 

26 

23 

24 

30 

30 

34 

39 

41 

41 

40 

34 

25 

23 

22 

24 

30 

33 

38 

43 

45 

44 

40 

31 

25 

21 

25 

23 

29 

29 

34 

36 

40 

39 

37 

30 

27 

24 

20 

24 

25 

26 

30 

34 

32 

34 

36 

27 

26 

17 

23 

27 

29 

27 

32 

34 

41 

34 

36 

32 

26 

23 

24 

24 

32 

36 

40 

40 

48 

42 

42 

36 

25 

20 

MAXIMUM  TEMPERATURE  (°  F.) 


Chico.... 

Colfax... 

Elk  Grove 

Fresno 

Geyserville 

Guasti 

Livermore 

Lodi 

Mountain  View 

Oakville 

Sonoma 

Stockton 


46.3 

49.6 

63.0 

58.9 

66.3 

73.0 

79.4 

77.6 

71.4 

63.9 

52.8 

45.8 

42.6 

44.1 

46.3 

62.9 

59.4 

68.6 

75.1 

73.6 

66.7 

69.0 

61.6 

43.5 

46.3 

60.2 

64.5 

68.6 

63.7 

69.4 

73.6 

73.2 

70.0 

62.4 

63.4 

46.8 

47.6 

60.9 

66.4 

60.8 

66.4 

74.5 

81.8 

80.2 

73.1 

64.4 

54.3 

46.7 

47.4 

50.3 

52.8 

57.8 

62.4 

67.3 

69.8 

68.2 

67.0 

62.2 

63.9 

47.7 

49.9 

51.7 

54.7 

68.3 

60.7 

67.2 

76.2 

73.2 

69.9 

64.4 

66.5 

61.3 

48.0 

51.0 

53.5 

57.2 

60.5 

66.0 

70.9 

69.8 

68.3 

62.8 

54.5 

48.8 

46.6 

49.4 

53.1 

57.6 

63.0 

68.8 

72.9 

70.6 

67.0 

60.0 

51.6 

45.0 

49.1 

51.2 

53.3 

56.1 

69.0 

62.7 

66.0 

66.1 

64.3 

60.2 

54.0 

48.1 

46.4 

48.3 

50.4 

66.1 

69.7 

64.1 

66.8 

66.8 

66.1 

60.8 

62.3 

45.6 

47.3 

50.1 

51.7 

55.5 

59.4 

63.8 

66.2 

64.6 

64.2 

60.6 

52.9 

46.3 

45.7 

48.8 

52.6 

56.9 

62.1 

68.3 

73.2 

71.1 

67.8 

61.1 

51.6 

44.2 

61.4 
56.9 
60.2 
62.9 
58.9 


58.8 
67.4 
66.6 
56.8 


1  The  maximum  and  minimum  temperatures  given  in  this  column  are  the  highest  and  lowest  during 
the  entire  period. 
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Table  3. — Temperature  and  rainfall  at  the  IB  experiment  vineyards  of  the  Bureau 
of  Plant  Industry  in  California — Continued 

PRECIPITATION  aNCHES ») 


Vineyard 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual 

Chico 

Colfax 

Elk  Grove 

6.41 
13.12 
3.86 
2.11 
11.08 
6.05 
4.55 
5.02 
4.47 
8.07 
6.80 
4.24 

3.77 
7.78 
2.88 
1.30 
6.85 
4.30 
2.00 
2.68 
2.46 
4.42 
4.91 
2.12 

5.46 
11.02 
2.84 
2.24 
9.49 
6.40 
3.75 
4.71 
4.45 
6.67 
6.02 
3.62 

1.14 

3.00 

1.47 

.77 

1.40 

1.29 

.65 

.80 

.80 

1.10 

.74 

.72 

0.96 

2.59 
.76 
.58 

1.30 
.93 
.57 

1.56 
.54 
.78 
.87 
.68 

0.29 
.95 
.13 
.03 
.45 
.12 
.19 
.26 
.18 
.26 
.25 
.14 

T. 

T. 
.02 
.001 

T. 
.02 

T. 

T. 

T. 

T. 
.34 

T. 

0.01 
.002 
.01 

T. 

T. 
.01 
.03 
.003 
.04 
.01 

T. 
.01 

1.03 
1.14 
.28 
.30 
.96 
.44 
.31 
.40 
.62 
.78 
.82 
.48 

0.79 
2.39 
.78 
.56 
1.59 
.66 
.43 
.55 
.51 
.77 
.83 
.42 

2.03 
4.98 
1.95 

.72 
3.88 

.87 

.90 
1.14 

.96 
2.10 
2.75 

.99 

3.50 
6.39 
3.80 
1.26 
5.24 
3.14 
2.47 
2.94 
2.49 
3.95 
4.00 
2.31 

25.39 
53.36 
18.78 

Fresno.   ._  .  

9.87 

Qeyserville 

42.25 

Ouasti 

24.13 

Livermore 

15.86 

Lodi-- 

20.06 

Mountain  View 

Oakville 

17.42 
28.81 

Sonoma 

28.33 

Stockton.- 

16.73 

» T.=Trace. 

GROWTH  RATINGS  OF  PHYLLOXERA-RESISTANT  STOCKS 

In  Table  4  (in  which  the  parentage  follows  the  name  if  the  varietal 
designation  does  not  give  it),  the  upper  numbers  after  each  name 
in  the  column  headed  ''Experiment  vineyard"  show  the  years  when 
the  vines  were  planted,  and  the  lower  numbers  show  the  growth 
ratings,  which  in  all  cases  were  made  in  the  fall  of  1920,  except  that 
those  at  Mountain  View  were  made  in  1912  and  those  at  Livermore 
in  1914.  Growth  ratings  later  than  1920  were  not  secured  for  those 
vineyards,  which  were  discontinued  that  year. 

Table  4. — Tests  of  Phylloxera-resistant  grape  stocks  in  the  12  experiment  vineyards 
in  California,  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings 


Experiment 

vineyard 

Variety 

u 

O 

1 

a 
o 

•:3 

^ 
3 

1 

1 

> 
§ 

i 

O 

i 

1 

CO 

Adobe  Giant  (Vitis  longii): 

Years  planted... 

Growth  rating 

13 
6- 

14 
98+ 

14 
40- 

14 
78- 

11 
20- 

14 

96+ 

14 
76- 

14 
100 

----- 

10 
85- 

6 
95+ 

6 

98+ 

16 
80- 

17 
88 

15 
82- 

7 
70+ 

14 
90- 

17 
99 

17 
92 

16 
80- 

16 
82- 

17 
76 

17 
86- 

15 
95+ 

15 
95 

16 
85 

16 

86+ 

13 

95+ 

16 
92+ 

15 
90- 

15 
86+ 

16 
70 

13 

82- 

(AestivalisXmonticola^  X(ripariaX 
rupestris,  No.  564-5): 
Years  planted 

16 
100 

7 
81 

12 

Growth  rating. . 

60- 

( Aestivalis  Xrapestris)  Xriparia, 
No.  227: 
Years  planted                      .  .. 

Growth  rating. 

Alicante  BouschetXcordifolia,  No. 
142-B: 
Years  planted 

13 

Growth  rating 

92 

Alicante  Bouschet  Xriparia,  No.  141-A: 
Years  planted                    . 

12 
92 

12 

Growth  rating 

"  "" 

30— 

Aramon Xriparia,  No.  143-A: 

Years  planted 

13 

Growth  rating 

8fi— 

85973°— 30 3 

..... 
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Table  4. — Tests  of  Phylloxera-resistant  grape  stocks  in  the  12  experiment  vineyards 
in  California,  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings — Continued 


Experiment  vineyard 

Variety 

O 

13 
100 

13 
92- 

14 
98 

8 
98 

14 
100 

14 
100 

14 
100 

14 

95+ 

14 
92 

13 
100 

14 
92 

12 
100 

13 

95+ 

8 
80+ 

14 
92- 

14 
100 

11 
90+ 

14 
98+ 

14 
70 

14 
100 

1 

o 

14 
100 

13 
92+ 

14 
80 

14 
80 

14 
100 

13 
85+ 

14 
90 

14 

98+ 

14 
95+ 

13 
90 

13 

88 

» 
O 

M 

16 
98+ 

16 
98+ 

6 
98+ 

6 
95 

6 
90 

6 
60 

6 
80- 

6 

75+ 

6 

75+ 

16 
85 

5 
85 

6 

82+ 

6 
90+ 

6 
90+ 

6 
90- 

6 

88- 

o 

17 
90+ 

17 
94 

17 
88 

1 

O 

16 
96- 

16 
95 

16 

82 

O 

12 
92+ 

14 
100 

14 
100 

> 

10 
96 

10 
83 

10 

88 

1 

16 
98- 

16 
60+ 

.1 
>• 

a 

o 

8 
93 

8 
93 

8 
67 

® 

16 
95 

16 
100 

16 
57- 

i 

CO 

16 
95 

16 
92- 

16 
98+ 

§ 

i 

AramonXrupestris  Qanzin,  No.  1: 

Years  planted ._ 

12 

Growth  rating-   . 

60— 

AramonXrupestris  Qanzin,  No.  2: 

Years  planted 

13 

Growth  rating 

75— 

AramonXrupestris  Ganzin,  No.  9: 

Years  planted.. 

13 

Growth  rating 

88— 

Arizonica  Phoenix  (V.  arizonica): 

Years  planted -. 

Australis  (V.  longii) : 

Years  planted..        .               ..    .. 

17 
95+ 

17 
83 

17 
82 

17 
50+ 

16 
65+ 

16 

70+ 

17 

85 

16 
80+ 

17 
90 

16 

85+ 

17 
82- 

16 

88+ 

16 
93 

16 
88+ 

15 

88 

16 
86- 

16 
90 

16 
92- 

16 
90+ 

16 
96 

10 
89 

7 
87 

10 
60 

16 
100 

5 
60 

5 
51 

8 
78 

17 
96+ 

16 
100 

16 
70- 

15 

78 

16 
92 

16 
90+ 

16 
90- 

16 
92 

16 
92- 

16 

88 

15 
95+ 

16 
95+ 

16 
95+ 

16 
75- 

16 
93+ 

16 

75- 

17 
98 

16 

95+ 

16 
96+ 

16 
92+ 

13 

Growth  rating 

90 

Barnes  (V.  champini): 
Years  planted  . 

13 

Growth  rating 

90+ 

Berlandieri,  No.  1: 

Years  planted -_  .                 

Growth  rating - 

Berlandieri,  No.  2: 

Years  planted .           

Growth  rating 

Berlandieri  Lafont,  No.  9: 
Years  planted.. 



9 
83 

16 

75+ 

16 
90+ 

16 
100 

16 
95+ 

8 
72 

12 
70 

8 
66 

8 
75 

8 
88 

8 
64 

16 
72- 

13 

90+ 

15 
100 

Growth  rating 

Berlandieri Xriparia,  No.  33  E.  M.: 
Years  planted 

13 

Growth  rating 

88 

Berlandieri  Xriparia,  No.  34  E.  M.: 
Years  planted 

16 
92 

16 
90+ 

16 
90+ 

7 
85 

13 

Growth  rating 

95+ 

Berlandieri  Xriparia,  No.  l"67-if: 
Years  planted.. 

13 

Growth  rating 

90+ 

BerlandieriXriparia,  No.  426-A: 

Years  planted 

14 

95+ 

4 
33 

7 
85 

9 

13 

Growth  rating 

90- 

BerlandieriXriparia,  No.  420-B: 
Years  planted..  

Growth  rating       

(BourisquouXrupestris,  No.  601)  X 
Calcicola,  No.  13205: 

13 
100 

16 

92+ 

16 
92- 

16 

98+ 

12 
92+ 

Growth  rating 

91 

10 

77 

10 

87 

CabernetXberlandieri,     No.     333 
(E.  M.): 
Years  planted.. _. 

16 
92 

8 
91 

8 
83 

8 
69 

15 
80 

13 
65- 

13 
80- 

13 
98 

13 
90+ 

13 

Growth  rating ... 

75- 

Cabernet  Xrupestris  Ganzin,  No.  33-A: 
Years  planted 

Growth  rating  

ChasselasX  berlandieri,  No.  41-B: 
Years  planted 

13 

Growth  rating 

90- 

(CinereaXrupestris)  Xriparia,  No. 
229: 
Years  planted 

6 

82- 

1? 

Growth  rating             

40- 

Columbaud  Xriparia,  No.  2502:  ; 

Years  planted 

7 
74 

7 
94 

8 
81 

5 
80 

13 

Growth  rating.. 

85 

Columbaud  Xrupestris: 
Years  planted 

Growth  rating 

CordifoliaXriparia,  No.  125-1: 

Years  planted. 

Growth  rating 

13 

95 

6 

88 

16 
91- 
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Table  4. — Tests  of  PhyUoxera-resistant  grape  stocks  in  the  12  experiment  vineyards 
in  California,  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings — Continued 


Experiment  vineyard 

Variety 

8 
S 

5 

1 

a 

1 

O 

13 

1 

1 

> 
1 

1 

.2 

> 

o 

1 

1 

CO 

CordlfoliaXrupestrls: 
Y6ars  pliiiitsd 

14 
80- 

8 
86- 

13 
90- 

14 
100 

16 
80+ 

6 

98+ 

6 
82- 

9 

88 



7 
60 

Growth  rating 

17 
95+ 

17 
92 

17 
83 

17 
86- 

17 

88- 

16 
60- 

16 
97+ 

16 

93+ 

16 
70+ 

17 
83- 

14 
96 

16 
85- 

16 
92 

13 
90 

13 

82+ 

16 

82- 



De  Grassett  (V.  cmampini): 
Ysars  ulantod 

14 
95- 

14 
100 

13 
100 

14 
100 

14 
100 

8 
95+ 

14 
98+ 

13 

92- 

14 
100 

13 
80- 

14 
95- 

14 
95+ 

14 
92- 

13 
100 

13 
100 

14 
100 

14 
98+ 

13 

80- 

14 
60+ 

13 
26- 

11 
96+ 

14 
20 

17 
100 

17 
98+ 

17 
89- 

17 
98+ 

17 
80 

16 
96+ 

16 

88- 

16 
81- 

16 
86- 

17 
80 

17 
80+ 

17 
90- 

14 

98+ 

16 
76- 

16 
96- 

17 
96 

17 
98 

17 
60- 

13 

95+ 

16 
90- 

16 
80- 

13 
95 

13 
76 

16 
92+ 

16 
92- 

16 
92 

16 
96- 

14 
86- 

13 

90- 

Dog  Ridge  (V.  champini): 

Years  planted.  ..  ..._... 

14 
100 

12 
96+ 

14 

96+ 

10 

94 

10 

84 

8 
98 

8 
74 

13 

Growth  rating                         ... 

40- 

Hotporup  (Solonisxlinsecomii): 

Years  planted 

Orowtn  rating 

Joly  (V.  champini): 

14 
96 

14 
90+ 

14 
90 

14 

98+ 

14 
100 

14 
100 

14 
100 

14 
90- 

13 
80- 

6 
82- 

6 
90+ 

6 
98+ 

6 

92+ 

6 
92 

6 

95+ 

6 

88- 

Growth  rating 

Judge  (V.  doaniana): 

Years  planted-       . 

8 
66 

10 

84 

9 
90 

9 
90 

10 
96 

16 
86- 

16 
96 

16 
96+ 

6 
80 

8 
80 

8 
81 

8 
86 

8 
86 

Growth  rating 

MonticolaXriparia,  No.  664: 

Years  planted                      

13 

S,")- 

MonticolaXriparia,  No.  18804: 
Years  planted 

13 

95- 

MonticolaXriparia,  No.  18808: 
Years  planted 

13 

90 

MonticolaXriparia,  No.  18815: 
Years  planted 

12 

90+ 

MontioolaXrupestris: 
Years  planted 

14 

90+ 

16 

78- 

16 

98- 

14 
92 

14 

88+ 

14 
100 

13 

M- 

Motley  (V.  doaniana): 

8 
76 

10 
98 

8 
81 

16 
100 

8 
90 

8 
96 

Growth  rating 

MourvedreXrupestris,  No.  1202: 
Years  planted-    . 

6 
96- 

6 
.98 

17 

98 

14 
98 

16 
95+ 

15 
90- 

17 
90 

17 
95- 

17 
70- 

16 
93+ 

17 
89+ 

16 
90+ 

17 
80 

16 
80- 

14 
90- 

13 
90- 

16 
98+ 

12 

98- 

MourvedreXrupestris,  No.  1203: 
Years  planted 

Pinot  HouschetXriparia,  No.  3001: 
Years  planted 

13 

80+ 

Pinot  XruiHjstris,  No.  1305: 

Years  planted 

14 
90- 

13 
80 

13 
90- 

6 
92 

15 
90+ 

16 
40- 

12 
100 

13 
98 

12 
100 

12 
92+ 

13 
95+ 

14 
96+ 

14 
100 

10 

96 

16 
100 

8 
94 

13 

Growth  rating 

98- 

Ponroy: 

Years  planted 

Ramsey  (V.  rupestrisXcandicans): 
Years  planted 

4 

86 

9 
61 

10 
74 

10 

82 

10 

82 

16 
96+ 

16 
92 

6 
94 

8 
66 

Growth  rating 

Riparia  du  Colorado: 

16 
80+ 

16 
96+ 

16 
96+ 

16 
90 

16 
95 

Growth  rating . 

Riparia  France: 

Years  planted 

13 

Growth  rating 

fiO- 

Riparia  Oloire: 

Years  planted. 

14 
92+ 

6 

86 

6 
90+ 

6 
86 

17 
66- 

17 

«.- 

17 
60 

13 

Growth  rating 

so- 

Riparia Grand  Glabre: 

Years  planted- 

8 
74 

ls 

Growth  rating 

80 

Riparia  a  (}rand  Feuilles: 

Years  planted 

Growth  rating 
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Table  4. — Tests  of  Phylloxera-resistant  grape  stocks  in  the  12  experiment  vineyards 
in  California,  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings — Continued 


Experiment  vineyard 

Variety 

8 

3 
o 

1 

I 

o 

1 
1 

O 

i 

3 

I 

.1 
> 

1 

o 

J 

1 
1 

DQ 

Riparia  Martineau: 

Years  planted.. 

14 
100 

8 
92+ 

16 
60- 

14 
67- 

15 
50- 

16 
92 

16 
80- 

16 
80- 

16 
90+ 

16 
90+ 

15 
89- 

16 

84+ 

16 
83- 

16 
95+ 

16 
95- 

16 
60- 

17 

88- 

16 
92- 

14 

92+ 

14 
96+ 

17 
85 

17 
99+ 

17 
94+ 

16 
80- 

Growth  rating 

Riparia  Ramond: 

Years  planted. 

14 
95 

Growth  rating 

Riparia  Selected: 

Years  planted.. 

Growth  rating 

RipariaXberlandieri,  No.  161-49: 
Years  planted. 

14 
100 

14 
40- 

14 

98+ 

14 
85+ 

14 
95 

8 
90+ 

13 

98+ 

14 
100 

11 
98+ 

14 
100 

14 
92+ 

14 
90- 

13 
100 

14 
96+ 

14 
82+ 

14 
92+ 

14 
100 

14 
90 

14 
95+ 

13 
92- 

14 
98- 

6 
80- 

6 
95 

5 

87 

8 

72 

8 
65 

8 
86 

Growth  rating 

Riparia  X  (cor  dif olia  Xrupestris) ,      No. 
Years  planted 

16 
90+ 

16 

82+ 

16 
90- 

16 

88- 

16 
90 

16 
95+ 

16 
90 

16 

88 

16 

92+ 

10 
76 

10 
92 

10 
91 

10 
90 

16 
95- 

16 
100 

16 
100 

16 
100 

16 
92- 

16 
95- 

16 
90 

16 

98 

14 
95- 

16 

92+ 

16 
90 

16 
95- 

16 
90- 

13 

Growth  rating 

92— 

Riparia  Grand  GlabreXAramon  rupes- 
tris,  No.  4110: 
Years  planted.. 

1? 

Growth  rating. 

30— 

RipariaXrupestris,  No.  101: 

Years  planted.. 

14 
60- 

14 
90- 

14 
98+ 

14 
95 

14 
85- 

14 
90- 

14 
80- 

6 

85- 

6 
82+ 

6 
95+ 

6 
85- 

6 
90- 

16 
98+ 

16 

88+ 

14 
90 

16 
92 

16 
85- 

16 
98- 

14 

78- 

13 

Growth  rating... 

9?+ 

RipariaXrupestris,  No.  101-14: 

Years  planted.. 

13 

Growth  rating    .         _  . 

88— 

RipariaXrupestris,  No.  108-103: 

13 

Growth  rating 

50— 

RipariaXrupestris,  No.  3306: 

Years  planted 

12 

98+ 

12 
95+ 

12 
85- 

12 
90+ 

10 

77 

10 
79 

16 
50- 

16 
90- 

8 
91 

8 
88 

13 

Growth  rating... 

90- 

RipariaXrupestris,  No.  3309: 
Years  planted    .  . .  . 

13 

Growth  rating 

95 

RipariaXrupestris  de  Jaeger: 
Years  planted    ... 

Growth  rating 

Riparia  X  (rupestrisXAramon)  Jaeger, 
No.  201: 
Years  planted. 

10 
95 

16 
92+ 

8 
67 

13 

Growth  rating.  ....      

98- 

RipariaXrupestris  Ramond: 

Years  plan  ted 

Growth  rating.  . 

Rupestris  des  Causettes: 

Years  planted 

14 
90- 

14 
85- 

13 

85+ 

14 

85- 

14 
85- 

6 
92+ 

6 

95+ 

6 
90+ 

6 
90+ 

6 
85- 

6 
92+ 

6 
92 

17 
85- 

16 
92+ 

16 
92 

14 
92+ 

10 

85 

7 
96 

16 
88- 

8 

78 

5 
81 

16 

85- 

13 

Growth  rating 

88- 

Rupestris  des  Semis,  No.  81-2: 

Years  planted  .    . 

13 

Growth  rating          ... 

92— 

Rupestris  Ganzin: 

Rupestris  Le  Reux: 

14 
90+ 

14 
80 

15 
95 

Rupestris  Martin: 

Years  planted 

17 
75- 

17 
88- 

16 
50- 

16 

76+ 

16 
92- 

16 
92+ 

15 
90+ 

10 
92 

10 

93 

10 

88 

7 
65 

16 
100 

16 

98+ 

9 

76 

8 
82 

8 
74 

16 
90+ 

14 
70- 

16 
82+ 

13 

Growth  rating          .... 

90+ 

Rupestris  Metallica: 

Growth  rating      . 

Rupestris  Mission: 

Years  plan  ted 

18 

Growth  rating 

fiO- 

Rupestris  Othello: 
Years  planted 

13 

Growth  rating 

82 
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Table  4. — Testa  of  Phylloxera-resiatant  grape  stocks  in  the  12  experiment  vineyards 
in  California^  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings — Continued 


Experiment  vineyard 

Variety 

o 

1 

o 

1 

1 
•1 

O 

> 
i4 

I 

.2 
> 
a 
B 

1 

08 

1 

Rupestris  Pillans: 

Years  planted 

14 
98+ 

14 
98- 

14 
98 

14 
92+ 

14 
98+ 

14 
98+ 

14 
95- 

11 
90+ 

14 
95 

13 

88+ 

14 
100 

14 
98- 

14 
85- 

14 
90- 

13 
80- 

13 
90+ 

14 
100 

13 
85+ 

13 
96 

13 
92+ 

14 
95 

13 

95+ 

6 
95+ 

6 
95 

6 
90- 

6 
60- 

15 
92- 

17 
90- 

17 
88- 

17 
82 

14 
90 

16 
98 

16 
90+ 

16 
88 

16 
92 

14 

96+ 

14 
100 

14 
88- 

9 
92 

10 
98 

10 
88 

10 
85 

16 
100 

16 
100 

7 
80 

8 

87 

8 
73 

6 

88 

7 
87 

6 
82 

16 
90 

17 
94- 

17 
90- 

17 
87 

16 
96+ 

16 
95+ 

16 
96 

16 
98+ 

13 

Growtn  rating 

82+ 

Rupestris  St.  George: 

Years  planted.. , 

13 

98 

Rupestris Xberlandieri,  No.  21»-A: 

Years  planted.. 

13 

90— 

Rupestris  Xberlandieri,  No.  301-A: 

Years  planted.. 

13 

86— 

Rupestris  Xberlandieri,  No.  301-B: 
Years  planted 

Rupestris  Xberlandieri,  No.  301-37-162: 
Years  planted.. 

6 
88- 

6 
100 

6 
90 

6 
85 

16 
92+ 

8 
84 

16 
76- 

13 
100 

13 
99+ 

15 
90 

16 
95+ 

RupestrisXChasselas  Rose,  No.  4401: 
Years  planted 

Qrowtn  rating.  .. 

Rupestris  XCinerea: 

16 
90 

16 
93 

16 
92+ 

16 
92+ 

16 
90+ 

5 
85 

15 
95 

16 
92 

14 
90- 

16 
97- 

13 

Growth  rating 

90 

Rupestris Xcordifolia,  No.  107-11: 

Growth  rating 

RupestrisXCcordifoliaXrupestris,    No. 
Years  planted 

5 
82 

13 

Growtn  rating.. 

40— 

Rupestris  X  (cordifoUaXrupestris,    No. 
Years  planted 

14 

78 

15 

78- 

8 
50 

10 

74 

10 
91 

8 
90 

Growtn  rating    ........._ 

RupestrisXAzemar,  No.  215: 

Years  planted 

13 

82- 

14 
60- 

14 
100 

8 
95+ 

14 
100 

15 
30- 

7 
70 

16 
80- 

Growth  rating 

RupestrisX  Petit  Bouschet,  No.  603': 

Growth  rating 

RupestrisX  Petit  Bouschet  Jaeger,  No. 
Years  planted 

16 
85- 

16 
90 

16 

71- 

17 
96+ 

13 
85- 

16 

95+ 

Growtn  rating 

RupestrisXriparia,  No.  108-16: 
Years  planted    . 

14 
90+ 

6 
90- 

6 
90- 

6 
88+ 

6 
82- 

6 
88 

6 
90 

6 
90- 

16 

88+ 

17 
90+ 

17 
83 

17 
85 

16 
88 

17 
100 

16 
93+ 

Growtn  rating 

Salt  Creek  (V.  doaniana): 

Years  planted 

16 
90 

9 

77 

8 
68 

n 

Growtn  rating 

n- 

Solonis  Ordinaire: 

Years  planted 

13 

Growtn  rating 

60- 

Solonis  Robusta: 

Years  planted.. 

14 
28- 

11 
90+ 

14 
98- 

14 
80- 

14 
72- 

13 
96 

13 
98+ 

14 
86- 

16 
40- 

14 

98+ 

10 
83 

8 
76 

9 

88 

16 
92- 

8 
90 

17 
86+ 

14 
90+ 

le 

98- 

16 
93 

16 
95+ 

13 

Growtn  rating 

90- 

8olonisX(cordifoliaXrupestris,        No. 
202-4): 
Years  planted 

Growtn  rating 

Solonis X Othello,  No.  1613: 

Years  planted 

16 
96+ 

14 
100 

16 
90+ 

16 
100 

8 
88 

6 
83 

16 
100 

16 
92- 

13 

Growtn  rating. 

90- 

SolonisXriparia,  No.  1615: 

Years  planted ....— i;.— 

13 

Growth  rating *,,-... 

86- 

22      TECHNICAL   BULLETIN    146,    U.    S.   DEPT.   OF  AGRICULTURE 

Table  4. — Tests  of  Phylloxera-resistant  grape  stocks  in  the  12  experiment  vineyards 
in  California,  showing  the  number  of  years  since  vines  were  planted  and  their 
relative  growth  ratings — Continued 


Experiment  vineyard 

Variety 

8 

O 

o 

o 

V 

O 

> 

i 

1 

03 
O 

05 
CO 

p 

SolonisXriparia,  No.  1616: 

Years  planted.  ..    

14 
80- 

14 

88+ 

14 
100 

14 
95+ 

14 
95+ 

14 
95+ 

13 
70+ 

14 
96+ 

13 
92 

6 
95+ 

6 
85+ 

6 

88 

5 
95+ 

16 
96+ 

16 
92+ 

16 
90 

16 
90+ 

16 
80+ 

9 

88+ 

16 
90- 

16 
92+ 

16 
95 

12 
100 

12 

78+ 

10 
80 

10 
70 

16 
92 

8 
80 

8 
71 

16 
50 

16 

88+ 

16 
90 

17 
90 

17 
100 

16 
50- 

16 
80+ 

16 
96+ 

16 
95 

16 
96+ 

13 

Growth  rating                  

98 

Taylor  Narbonne  (V.  riparia): 

13 

Growth  rating 

80- 

Tisserand: 

Growth  rating 

Vermorel  (V.  berlandieriXcandicans): 

17 
95+ 

12 
100 

Growth  rating 

Viala  (V.  ripariaXlabrusca): 

10 

71 

10 
70 

13 
60- 

15 
98+ 

13 

Growth  rating 

95 

VialaXriparia    (V.    ripariaXlabrusca) 
Xriparia: 
Years  planted 

7 
78 

8 
65 

Vitis  candicans: 
Years  planted 

YorkXrupestris  Ganzin,  No.  212: 
Years  planted 

16 
85- 

13 

Growth  rating 

85- 

The  growth  or  adaptability  of  each  variety  at  each  vineyard  where 
it  is  under  test  is  expressed  in  the  form  of  a  percentage  rating  on  a 
scale  in  which  the  growth  of  the  variety  under  conditions  to  which 
it  is  well  adapted  is  taken  as  the  standard  of  excellence,  100  per  cent. 

Therefore,  these  adaptability  ratings  represent  the  behavior  of 
each  variety  under  the  conditions  existing  at  the  several  vineyards 
expressed  in  terms  that  permit  comparison  with  its  behavior  else- 
where. They  are  not  based  on  a  comparison  with  other  varieties 
in  the  same  vineyard.  Each  variety  is  therefore  rated  on  a  scale 
based  on  its  own  standard  of  excellence,  rather  than  on  an  arbitrary 
scale  formulated  for  application  to  all  varieties.  It  is  believed  that 
this  method  renders  a  truer  expression  of  the  reaction  of  each  variety 
to  different  soil  and  climatic  conditions  than  would  be  possible  were 
an  arbitrary  scale  of  growth  measurement  used. 

To  illustrate,  AramonXrupestris  Ganzin,  No.  2,  planted  at  each  of 
three  experiment  vineyards  in  1904,  at  Oakville  was  rated  100,  at 
Livermore  83,  and  at  Lodi  only  60.  This  shows  that  at  Oakville 
the  growth  was  most  satisfactory  and  was  therefore  rated  100;  at 
Livermore  the  growth  was  good  but  not  nearly  so  good  as  at  Oakville 
and  was  rated  at  83 ;  at  Lodi  it  made  a  poor  growth,  which  as  com- 
pared with  the  perfect  growth  made  at  Oakville  was  as  60  to  100, 
i.  e.,  60  per  cent. 

The  minus  sign  after  a  rating  indicates  that  in  previous  years  the 
vines  had  much  higher  rating  but  are  steadily  on  the  decline,  whereas 
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the  plus  sign  shows  they  formerly  had  lower  ratings  which  improved 
as  the  vines  matured.  Where  no  sign  occurs  such  ratings  were  con- 
stant. This  shows  that  some  vine  varieties  start  into  growth  and 
develop  rapidly  but  speedilv  prove  worthless;  others  take  hold  and 
develop  slowly  at  first,  but  later  prove  most  valuable  as  sturdy,  safe, 
and  constant  vine  varieties.  Resistance  to  the  phylloxera  is,  of 
course,  an  all-important  consideration,  and  while  these  ratings  may 
serve  as  a  fairly  safe  guide  in  the  selection  of  resistant  stocks,  never- 
theless the  writer  wishes  to  stress  the  fact  that  these  tests  have  been 
under  way  only  20  years,  and  there  have  been  many  instances  in 
California  where  viniferas  on  their  own  roots  under  very  favorable 
conditions  have  resisted  phylloxera  for  an  even  longer  time. 

A  number  of  the  resistant-stock  varieties  have  been  growing  a  suf- 
ficient time  to  show  what  may  be  expected  of  them  under  similar 
conditions.  In  the  following  list  of  stocks  worthy  of  special  men- 
tion for  having  made  excellent  growth  ratings  at  each  of  the  12  Cali- 
fornia experiment  vineyards,  the  varieties  are  given  in  the  order  of 
their  ratings,  beginning  with  the  best  growers: 

Chico  Varietal  Vineyard. — Aramon X rupestris  GanziM,  No.  1;  Constantia; 
Dog  Ridge  (champini);  (aestivalis  X  monticola)  X  (ripariaX  rupestris,  No.  654-5); 
Lenoir;  monticola Xriparia,  No.  18815;  Salt  Creek;  australis  (longii);  ripariaX 
berlandieri,  No.  161-49;  MourvedreX rupestris,  No.  1202;  SolonisX Othello, 
No.  1613;  rupestris  St.  George;  rupestris  Pillans. 

Colfax  Experiment  Vineyard. — Lenoir;  Dog  Ridge  (champini);  Aramon X 
rupestris  Ganzin,  No.  1;  MourvedreX  rupestris,  No.  1202;  monticola  Xriparia, 
No.  18815;  monticola X rupestris;  rupestris  Pillans;  rupestris  St.  George;  monti- 
colaXriparia,  No.  18808;  berlandieri  Xriparia,  No.  34  E.  M.;  ripariaX  (cordi- 
foliaX rupestris),  No.  106-8;  Constantia;  SolonisX riparia,  No.  1616;  SolonisX 
Othello,  No.  1613;  ripariaX  rupestris.  No.  101-14;  Salt  Creek. 

Elk  Grove  Experiment  Vineyard. — Aramon  X  rupestris  Ganzin,  No.  1;  I^noir; 
Aramon X rupestris  Ganzin,  No.  2;  Dog  Ridge  (champini);  Constantia;  (aesti- 
valis X  monticola)  X  (ripariaX  rupestris,  No.  654-5);  monticola  Xriparia,  No. 
18815;  rupestris  St.  George;  SolonisX  Othello,  No.  1613:  Solonis Xriparia,  No. 
1616;  monticolaXriparia,  No.  18804;  ripariaX  rupestris.  No.  108-103;  ripariaX 
(cordifoliaX rupestris),  No.  106-8;  rupestris X berlandieri.  No.  219-A;  ripariaX 
rupestris.  No.  3309;  berlandieri  Xriparia,  No.  420-A;  MourvedreX  rupestris. 
No.  1202;  Salt  Creek. 

Fresno  Experiment  Vineyard. — SolonisX  Othello,  No.  1613;  MourvedreX 
rupestris,  No.  1202;  Constantia;  monticolaXriparia,  No.  18815;  australis  (longii); 
Aramon  X  rupestris  Ganzin,  No.  2;  Dog  Ridge  (champini);  Solonis  Xriparia,  No. 
1616;  berlandieri  Xriparia,  No.  34  E.  M.;  rupestris  X  cordifolia.  No.  107-11; 
ripariaX  rupestris.  No.  3309:  cordifolia  Xriparia,  No.  125-1;  monticolaXriparia 
No.  18804;  rupestris  St.  George;  ripariaX  rupestris,  No.  101;  berlandieriX 
riparia,  No.  420-A;  Salt  Creek;  ripariaX  (cordifoliaX rupestris).  No.  106-8. 

Geyserville  Experiment  Vineyard. — MourvedreX  rupestris,  No.  1202;  rupestris 
St.  George;  Lenoir;  ripariaX  rupestris,  No.  101;  Aramon  X  rupestris  Ganzin, 
No.  1;  Dog  Ridge  (champini);  SolonisX  Othello,  No.  1613;  Aramon  X  rupestris 
Ganzin,  No.  2;  Solonis X  riparia,  No.  1616;  ripariaX  rupestris.  No.  3306;  ripariaX 
(cordifoliaX  rupestris),  No.  106-8;  berlandieri  Xriparia,  No.  33  E.  M.;  monti- 
cola X  rupestris;  berlandieri  Xriparia,  No.  420-A;  Salt  Creek. 

Guasti  Experiment  Vineyard. — SolonisX  Othello,  No.  1613;  Constantia; 
Solonis  Xriparia,  No.  1616;  Dog  Ridge  (champini);  MourvedreX  rupestris.  No. 
1202;  rupestris  St.  George;  riparia  Gloire;  ripariaX  rupestris,  No.  3306,  ripariaX 
rupestris,  No.  3309;  Lenoir;  Aramon  X rupestris  Ganzin,  No.  2. 

Livermore  Experiment  Vineyard. — MourvedreX  rupestris,  No.  1202;  rupestris 
St.  George;  Aramon X rupestris  Ganzin,  No.  1;  monticolaXriparia,  No.  18815; 
Dog  Ridge  (champini);  ripariaX  rupestris,  No.  101-14;  monticolaXriparia, 
No.  18804;  ripariaX  rupestris,  No.  101;  SolonisX  Othello,  No.  1613;  berlandieriX 
riparia.  No.  34  E.  M. 
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Lodi  Experiment  Vineyard. — SolonisX  Othello,  No.  1613;  MourvedreX 
rupestris,  No.  1202;  (aestivalis X monticola)  X  (ripariaXrupestris,  No.  554-5); 
ripariaXrupestris,  No.  101-14;  rupestris  X  berlandieri.  No.  219-A;  rupestris 
St.  George;  ripariaXrupestris,  No.  101;  berlandieri Xriparia,  No.  420-A; 
AramonX  rupestris  Ganzin,  No.  1;  monticola X  riparia,  No.  18804;  monticolaX 
riparia,  No.  18808;  riparia X(cordifoliaX rupestris).  No.  106-8. 

Mountain  View  Experiment  Vineyard. — Dog  Ridge  (champini) ;  MourvedreX 
rupestris.  No.  1022;  Aramon  X  rupestris  Ganzin,  No.  1;  AramonX  rupestris 
Ganzin,  No.  2;  ripariaXrupestris,  No.  3306;  SolonisX  Othello,  No.  1613;  ripariaX 
rupestris,  No.  3309;  rupestris X berlandieri.  No.  301- A;  Solonis X riparia.  No. 
1616;  rupestris  St.  George;  monticola  Xriparia,  No.  18815;  berlandieri  Xriparia, 
No.  420- A. 

Oakville  Experiment  Vineyard. — AramonX  rupestris  Ganzin,  No.  2;  Constantia; 
berlandieri X riparia,  No.  33  E.  M.;  Dog  Ridge  (champini);  Aramon X rupestris 
Ganzin,  No.  1;  SolonisX  Othello,  No.  1613;  (aestivalisXmonticola)X  (ripariaX 
rupestris,  No.  554-5);  ripariaXrupestris,  No.  101-14;  ripariaXrupestris,  No.  101; 
ripariaXrupestris,  108-103;  australis  (longii);  rupestris  St.  George;  Salt  Creek; 
berlandieri  Xriparia,  No.  34  E.  M.;  cordifolia  Xriparia,  No.  125-1;  berlandieriX 
riparia.  No.  420-A;  MourvedreX  rupestris,  No.  1202;  Lenoir;  rupestris  X  ber- 
landieri. No.  219-A;  monticola  Xriparia,  No.  18815;  ripariaXrupestris,  No.  3306; 
ripariaXrupestris,  No.  3309. 

Sonoma  Experiment  Vineyard. — SolonisX  Othello,  No.  1613;  berlandieriX 
riparia.  No.  420-A;  Lenoir;  rupestris X berlandieri,  No.  301-A;  ripariaXrupestris, 
No.  101-14;  AramonX  rupestris  Ganzin,  No.  1;  monticola  Xriparia,  No.  18815; 
ripariaXrupestris,  No.  108-103;  rupestris X berlandieri,  No.  219-A;  rupestris 
St.  George;  Solonis  Xriparia,  No.  1616;  Dog  Ridge  (champini);  australis  (longii); 
monticola  Xriparia,  No.  18804;  riparia  Gloire;  ripariaX  (cordifolia  X  rupestris). 
No.  106-8;  MourvedreX  rupestris.  No.  1202;  berlandieri  Xriparia,  No.  34  E.  M.; 
ripariaXrupestris,  No.  101;  cordifolia  Xriparia,  No.  125-1;  ripariaXrupestris, 
No.  3306;  ripariaXrupestris,  No.  3309. 

Stockton  Experiment  Vineyard. — Rupestris  St.  George;  Solonis  Xriparia,  No. 
1616;  berlandieri  Xriparia,  No.  34  E.  M.;  ripariaXrupestris,  No.  3309;  monti- 
colaXriparia,  No.  18804;  ripariaXrupestris,  No.  101;  ripariaX  (cordifolia X 
rupestris).  No.  106-8;  MourvedreX  rupestris.  No.  1202;  monticola  Xriparia,  No. 
18815;  Constantia;  Dog  Ridge  (champini);  Lenoir;  SolonisX  Othello,  No.  1613; 
rupestris  X  berlandieri.  No.  219-A;  berlandieri  Xriparia,  No.  420-A;  AramonX 
rupestris  Ganzin,  No.  2. 

Table  5  gives  the  resistant  varieties  in  each  vineyard  which  are 
estimated  to  have  made  the  most  creditable  growth  records  as  com- 
pared with  all  the  varieties  tested.  The  number  on  the  line  with 
each  name  in  the  vineyard  column  shows  the  relative  growth  rating 
made  by  the  variety  in  the  respective  vineyards  where  it  is  being 
tested.  The  highest  rating  is  expressed  by  the  figure  1,  the  next  by  2, 
and  so  on.  The  ratings  represent  the  behavior  of  each  variety  under 
the  conditions  existing  at  the  several  vineyards,  expressed  in  terms 
that  permit  comparison  with  its  behavior  elsewhere  and  in  comparison 
also  with  other  varieties  in  the  same  vineyard.  To  illustrate:  Of  all 
the  varieties  at  Livermore,  the  best  records  were  made  by  Mourvedre 
X  rupestris,  No.  1202  (rated  as  1),  whereas  at  Stockton  it  was  eighth 
best  (expressed  by  8),  and  at  Sonoma  seventeenth  best  (expressed 
by  17). 
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PLATE  7 


Upi^r  aiui  lower  sides  of  leaves  of  four  native  Ainerifun  species  of  >.'ra[  es  extensively  used  as  stocks: 
A,  Ki/wr«/;f.v/rM,  one-fourth  natural  size;  B,  F.  nfs/Jra/w,  one-fourth  natural  size;  C,  V.tabrusca, 
one-seveuth  natural  size;  D,  V.  riparia,  two-fifths  natural  size 
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PLATE  8 


Upper  and  lower  sides  of  leaves  of  four  hybrids  originated  in  France  and  extensively  used  as  stocks: 
A,  RipariaXrupestris,  No.  3306,  one-eighth  natural  size;  B,  MourvedreXrupestris,  No.  1202, 
five-sixteenths  natural  size;  C,  ripariaXrupestris,  No.  101,  five-fourteenths  natural  size;  D, 
ripariaXrupestfis,  No.  3309,  one-third  natural  size 
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PLATE  9 


Up|)er  and  lower  sides  of  leaves  of  four  grai)e  hybrids  used  as  stocks  on  which  to  graft  vinifera  varie- 
ties, A,  B,  and  (',  having  originated  in  France  and  D  in  the  United  States.  A,  AlonticolaXriparia, 
No.  188W,  one-sixth  natural  size;  13,  cordifoliaXriparia,  No.  125-1,  one  eighth  natural  size;  C, 
berlandieriXriparia,  No.  420-A,  one-suth  natural  size;  D,  liusecomiiX(labruscaX vinifera),  one- 
eleveuth  natural  size 
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Table  6. — Resistant-stock  varieties  of  grapes  making  the  best  growth  records,  show- 
ing their  relative  merits  in  ea^h  of  the  12  experiment  vineyards  in  California 


Variety 

8 

JO 

O 

1^ 

O 

1 

O 

3 

3 

a 

^ 

1 

OQ 

(Aestivallsxmonticola) X(riparia  X  rupestris,  No . 
664—6) ..... ..        ...                     _... 

4 

1 

'T 

6 

1 
3 

3 

9 

"3' 
4 

7 
6 
1 

11 
3 

14 

16 
2 

15 
4 

18 

AramonXrupestris  Ganzin,  No.  1 _ 

6 

6 
8 

'ii' 

3 

6 

"is" 

"l« 

Australis  (lohgii)           .      '           

8 

BerlandieriXriparia,  No  33  E   M 

12 

BerlandieriXriparia,  No.  34  E.  M 

10 

"lY 

5 

9 
16 
3 

12 

7 

10 

18 
2 

"20' 
12 
3 

14 

3 

BerlandieriXriparia,  No.  420-A 

14 

8 

12 

15 

Constantia 

2 

12 

2 

10 

CordifoliaXriparla,  No.  125-1 

Dog  Ridge  (champini) 

3 

6 

2 

4 

2 

11 

12 

7 

6 
3 

4 
10 

6 

.... 

1 

11 

Lenoir 

1? 

MonticolaXriparia,  No.  18804...     .    . 

7 

10 
11 

5 

MonticolaXriparia,  No.  18808 

9 
5 
6 
4 

" 

MonticolaXriparia,  No.  18815 

6 

4 

11 

20 

7 

q 

MonticolaXrupestris 

13 

1 

Mourvedr«Xrupestris,  No.  1202 

Kiparia  Gloire  . . 

10 

18 

6 
7 

1 

2 

2 

17 

17 
16 

8 

RipariaXberlandieri,  No.  161-49 

9 

RipariaXruiiestris,  No.  101 

4 

.... 

8 
6 

7 

9 
8 
10 
21 
22 

19 
6 
8 
21 
22 
15 

6 

RipariaXrui)estris,  No.  101-14 

15 
10 

4 

.... 

RipariaXrui)estris,  No.  108-103 

13 

RipariaXrupestris,  No.  3306 

10 

"ii" 

8 
9 

5 

7 

RipariaXrupestris,  No.  3309 

16 
14 

4 

RipariaX(cordifoliaXrupestris),  No.  106-8  

11 

7 
8 

12 

7 

Ru^jestris  Pillans 

13 
12 

Rupestris  St.  George. 

8 
16 

2 

6 

2 

6 
5 

10 

-T 

12 
19 

10 
9 
4 

1 

RupestrisXberlandieri,  No.  219-A  

14 

RupestrisXberlandieri,  No.  301-A 

Rupestris Xcordifolia,  No.  107-11 

8 

Salt  Creek 

7 
11 

16 
14 
13 

19 
9 
10 

15 
7 
9 

13 
6 

SolonisX Othello,  No.  1613     .          .      . 

3 

9 

1 

6 
9 

1 
11 

13 

SolonisXriparia,  No.  1616 

<;{ 

VALUE  AND  USE  OF  HYBRIDS 

In  the  attempts  to  obtain  resistants  suited  to  soil,  climatic,  and 
other  conditions  and  which  at  the  same  time  would  prove  congenial, 
lasting,  and  productive  stocks  on  which  to  graft  the  vinifera  varieties, 
many  difficulties  were  encountered.  For  instance,  the  stock  may  be 
adapted  to  the  soil,  but  it  may  be  so  hard  to  root  as  to  make  its 
commercial  use  impracticable.  Again,  the  stock  may  be  suited  to 
the  soil  and  it  may  root  easily  and  be  resistant,  but  not  congenial  to 
or  make  a  lasting  junction  with  vinifera  varieties;  or  the  congeniality 
of  the  variety  may  be  good  but  the  fruitfulness  of  the  graft  may  be 
impaired. 

In  many  cases  also  no  resistant  species  are  exactly  suited  to  the 
soil  and  climatic  conditions.  To  overcome  such  difficulties  and  others 
of  like  nature,  hybrids  have  been  and  are  being  produced,  in  the 
breeding  of  which  such  of  the  American  species  were  selected  as  pos- 
sessed the  various  qualities  desired.  (Pis.  8  and  9.)  In  this  work 
some  remarkable  successes  have  been  achieved,  such,  for  instance, 
as  riparia  X  rupestris.  No.  101;  riparia  X  rupestris.  No.  3306;  ripa- 
riaX rupestris.  No.  3309;  Solonis X Othello,  No.  1613;  rupestrisX 
cordifoUa,  Nos.  107-11;  riparia  X  (cordifolia  X  rupestris).  No. 
106-8;  rupestris Xberlandieri,  No.  301-A;  berlandieri X riparia,  No. 
420-A;  and  monticola X  riparia.  No.  18808. 

Establishing  vineyards  on  phylloxera-resistant  stocks  is  accom- 
pUshed  in  two  entirely  different  ways. 
85973°— 30 4 
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(1)  Resistant  stocks,  either  cuttings  or  young  rooted  vines  from  the 
nursery,  are  bench  grafted  with  the  desired  vinif era  varieties  and  grown 
in  the  nursery  for  one  year;  or  resistant  stocks  growing  in  the  nursery 
are  grafted  with  the  desired  vinifera  varieties  and  allowed  to  remain 
in  the  nursery  one  year.  The  following  spring  the  grafted  vines 
obtained  in  either  way  are  used  in  direct  vineyard  plantings. 

(2)  Resistant  stock  varieties  are  planted  directly  in  the  vineyard 
and  when  thoroughly  established  are  grafted  with  the  desired  vinifera 
varieties  where  they  are  to  grow. 

Experiments  with  various  resistant  stocks  show  them  to  be  valuable 
only  in  soils  and  under  other  conditions  to  which  they  are  suited. 
Some  have  been  found  too  difficult  to  root  from  cuttings,  which  makes 
them  expensive  for  use  in  bench  grafting;  others,  rooting  easily  as 
cuttings,  do  not  bench  graft  successfully;  and  some  stocks  are  suitable 
for  direct  vineyard  plantings  only;  all  of  which  are  important  con- 
siderations in  the  cost  of  establishing  resistant  vineyards. 

Table  6  gives  a  list  of  the  more  useful  and  valuable  resistant  stock 
varieties  and  gives  the  determinations  obtained  by  observation  of 
and  experimentation  on  the  more  valuable  of  such  hybrid  resistant 
stocks,  the  soil  conditions  for  which  they  are  best  suited,  their  rooting 
percentages  as  cuttings,  and  their  relative  value  when  grafted  as 
cuttings  or  as  rooted  vines,  and  when  planted  directly  in  the  vineyard 
or  grafted  in  the  vineyard. 

Table  6. — Resistant  stock  varieties,  the  soil  and  conditions  for  which  each  is  best 
suited,  the  relative  rooting  percentages  of  their  cuttings,  their  relative  value  foJ- 
bench  grafting,  and  their  relative  value  for  direct  planting  and  grafting  in  vineyards 


Variety 

Rooting 
percent- 
ages of 
cuttings 

Value 

for 
bench 
grafting 
as  cut- 
tings 

Value 
for 

bench 
grafting 

as  root- 
ed vines 

Value 
for 
vine- 
yard 
grafting 

Soils  and  conditions  for  which  best 
suited 

(Aestivalis  X  monticola)  X  (ripa- 

riaxrupestris,  No.  654-5.) 
AramonXrupestris    Oanzin, 

No.  1. 
Ar  amon  Xr  upestris     G  a  n  z  i  n , 

No.  2. 
Aestivalis  X  (rupestris  Xriparia, 

No.  227). 
Berlandieri Xriparia,    No.    33 

E.  M. 
Berlandieri  Xriparia,    No.    34 

E.  M. 
BerlandieriX  riparia.  No.  420- A. 

ChasselasXberlandieri,   No. 

41-B. 
Constantia 

95 
90 
85 
40 
30 
30 
25 
60 
85 
50 
20 

20 
60 

80 
80 
90 

92 

76 

26 
10 
10 
60 
25 
25 
40 
60 
60 
66 
10 

6 
30 

65 

65 
70 

6 

60 

90 
80 
80 
86 
90 
90 
85 
90 
95 
90 
86 

90 
80 

95 
95 
95 

80 

85 

90 
92 
90 
85 
90 
90 
90 
90 
95 
90 
95 

96 

85 

90 
90 
96 

95 

90 

Arid,  gravelly,  poor  land  with  effec- 
tive moisture. 

Deep,  cool,  fertile,  moist,  silicious, 
alluvial  clay. 

Arid,  heavy  clays  with  effective 
moisture. 

Moist,  poor  land. 

Arid,  hot,  poor,  gravelly  decomposed 
land  with  effective  moisture. 
Do. 

Arid,    deep,    warm,    gravelly   with 
effective  moisture. 

Arid,  limy,  compact  land  with  effec- 
tive moisture. 

Deep,   well-drained,    gravelly    land 
with  effective  moisture. 

Arid,  poor  land  with  effective  mois- 
ture. 

Prefers    arid,    compact    soils    with 
effective  moisture  but  adapts  itself 
to  a  variety  of  soils. 

Warm,  deep,  gravelly,  moist  soils. 

Arid,    limy,    gravelly,    decomposed 
land  with  effective  moisture. 
Do. 
Do. 

Arid,  limy  hot,  loose,  deep  gravelly 
land  with  low  water  table. 

Moist,   heavy,  loose,   gravelly  clay 
land. 

Moist,  loose,  sandy,  along  creek  and 
river  bottoms. 

CordifoliaXriparia,  No.  12&-1... 
Dog  Ridge 

Lenoir... 

MonticolaXriparia,  No.   18804. 

MonticolaXriparia,  No.   188U8. 
MonticolaXriparia,,  No.   18816. 

MourvedreXrupestris,  No.  1202 
Riparia  Qloire.... .,,... 
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Table  6. — Resistant  stock  varieties,  the  soil  and  conditions  for  which  each  is  best 
suited,  the  relative  rooting  percentages  oj  their  cuttings,  their  relative  value  for 
bench  grafting,  and  their  relative  value  for  direct  planting  and  grafting  %n  vineyards — 
Continued 


Rooting 

Value 
for 

Value 
for 

Value 
for 
vine- 
yard 
grafting 

percent- 

bench- 

bench 

Soils  and  conditions  for  which  best 

.  Variety 

ages  of 

grafting 

grafting 

suited 

cuttings 

as  cut- 
tings 

as  root- 
ed vines 

Riparia  X  (cordifoliaXrupestris, 
No.  106-8;. 

40 

10 

60 

85 

Moist,  poor  land. 

RipariaXrupestris,  No.  101 

60 

15 

75 

86 

Deep,  cool,  fertile  alluvial  clay. 

Riparia Xrui)estris,  No.  101-14_. 

75 

30 

90 

92 

Deep,  fertile,  heavy,  alluvial  clay. 

Riparia Xruijestris,  No.  108-103.. 

60 

30 

90 

92 

Deep,  heavy,  fertile  alluvial  soils. 

Riparia Xrui)estris,  No.  3306 

30 

30 

85 

80 

Deep,  cool,  fertile  clay,  heavy  allu- 
vial flooded  bottom  land. 

RipariaXrupestris,  No.  3309 

40 

20 

80 

90 

Arid,    poor,    land    with    effective 
moisture. 

RupestrlsXberlandieri,    No. 

50 

40 

85 

90 

Arid,  hot,  limy  land  with  effective 

21&-A. 

moisture. 

RupestrisXberlandieri,   No. 

301-A. 
Rupestris  Pillans. - 

40 

20 

85 

88 

Do. 

60 

26 

80 

85 

Moist,  deep,  well  drained,  gravelly. 
Deep,   well-drained,    gravelly   land 
with  effective  moisture. 

Rupestris  St.  George 

90 

75 

90 

92 

RupestrisXcordifolia,  No.  107- 

60 

30 

90 

92 

Poor,    loose,    deep,    gravelly,    with 

11. 

effective  moisture. 

Solonis  X  (cordifolia  Xr  upestris, 

60 

20 

80 

90 

Moist,  not  of  first  quality. 

No.  202-4). 

SolonisX  Othello,  No.  1613„ 

80 

40 

86 

90 

Moist,    mediocre,    flooded    bottom 
land. 
Do. 

SolonisXriparia,  No.  1616 

40 

30 

85 

90 

DIRECT  PRODUCERS  ORIGINATED  IN  EUROPE  AND  IN  THE  UNITED 

STATES 

The  important  European  grape-producing  countries  have  endeav- 
ored to  produce  hybrids  between  the  vinifera  and  the  American  native 
grape  species  which  would  be  resistant  to  Phylloxera  viticola  and  at 
the  same  time  yield  sufficient  crops  of  fruit  of  desirable  character 
and  quality.  It  was  reasoned  that  if  such  direct  producers  could  be 
obtained,  the  time  and  cost  of  grafting  would  not  only  be  saved  but 
congeniality  would  not  have  to  be  considered.  Some  remarkable 
strides  are  being  made  in  this  direction.  The  more  promising  of  these 
hybrids  have  been  introduced  and  tested  in  the  department's  experi- 
ment vineyards,  but  no  complete  successes  were  found  among  them. 
Either  the  hybrid  reverted  too  far  toward  the  vinifera,  and  the 
phylloxera-resistant  qualities  were  found  wanting  ;^or  too  much 
to>yard  the  resistant,  thus  impairing  the  quality  of  the  fruit;  or  both 
resistance  and  the  quantity  and  quality  of  the  fruit  of  the  hybrid 
^ere  undesirable.  So  far,  none  of  them  are  equal  to  the  improved 
finer  American  juice-grape  varieties  or  hybrids  of  American  native 
grape  species. 

No  doubt  American  grape  history  suggested  this  plan  of  crossing, 
for  in  this  country  such  men  as  Rogers  and  Ricketts  crossed  labrusca 
with  vinifera  principally  to  obtain  varieties  hardy  to  American 
conditions,  but  in  which  the  strong  foxy  flavor  and  aroma  of  the 
labrusca  would  be  at  least  partly  eliminated.  The  late  T.  V.  Munson, 
however,  went  a  step  farther  and  originated  not  only  valuable 
hybrids  of  vinifera  and  American  Euvitis  but  many  valuable  hybrids 
of  American  native  grape  species  that  already  are  destined  to  feature 
conspicuously  in  American  viticulture. 
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Table  7  gives  an  alphabetical  list  of  the  direct  producers  (originated 
in  Europe  and  the  United  States)  that  have  been  tested  on  their  own 
roots  in  the  department's  California  experiment  vineyards,  (PI.  10.) 
Column  1  gives  the  varietal  name  and  shows  the  parentage  (whether 
a  seedling  of  a  single  species  or  a  hybrid  of  different  species),  the  abbre- 
viations used  to  designate  the  species  being  A.  for  aestivalis,  Ba.  for 
bourquiniana,  C.  for  cordifolia,  Ca.  for  candicans,  Ci.  for  champini. 
La.  for  labrusca,  Li.  for  linsecomii,  R.  for  riparia,  Ru.  for  rupestris, 
and  V.  for  vinifera.  Column  2  shows  the  experiment  vineyards  in 
which  the  growth  was  tested,  use  being  made  of  the  following  abbre- 
viations: C  for  Chico,  Cx  for  Colfax,  EG  for  Elk  Grove,  F  for  Fresno, 
G  for  Geyserville,  Gi  for  Guasti,  L  for  Lodi,  Li  for  Livermore,  M  for 
Moimtain  View,  O  for  Oakville,  S  for  Sonoma,  and  St  for  Stockton. 
Colunm  3  shows  the  number  of  years  covered  by  the  test.  Column  4 
shows  the  growth  and  adaptability  of  each  variety  at  each  vineyard 
where  it  is  imder  test,  expressed  in  the  form  of  a  percentage  rating 
on  a  scale  in  which  100  per  cent  is  taken  as  the  standard  of  excellence. 
Column  5  gives  the  pruning  method,  s  being  used  for  spurs  and  c 
for  canes.  Column  6  gives  the  nodes  at  which  fruit  is  borne;  7  and  8, 
the  growth-starting  dates  in  early  and  late  seasons;  9  and  10,  the 
blossoming  dates  in  early  and  late  seasons;  11  and  12,  the  fruit- 
setting  dates  in  early  and  late  seasons;  13  and  14,  the  fruit-ripening 
dates  in  early  and  late  seasons.  Column  15  shows  the  condition  of 
productiveness,  whether  excellent  (e),  good  (g),  medium  (m),  or 
poor  (p);  column  16,  the  bearing  habit,  whether  regular  (r)  or 
occasional  (o);  column  17,  the  average  percentage  of  sugar.  Balling 
scale;  column  18,  the  average  acid,  as  tartaric,  per  100  c.  c.  (sugar 
and  acid  determinations  and  fruit-ripening  dates  are  given  only  of 
such  varieties  as  it  was  thought  might  be  worth  while).  Column  19 
shows  the  size  of  the  cluster,  whether  medium  (m),  medium  to  large 
(z),  large  (1),  very  (v),  or  small  (s).  Column  20  shows  the  shape  of  the 
clusters,  whether  round  (r),  cylindrical  (c),  long  (1),  or  tapering  (t). 
Column  21  designates  the  density  of  the  clusters,  whether  compact 
(c),  medium  (m),  or  loose  G).  Column  22  shows  the  size  of  the  berry, 
whether  large  (1),  medium  (m),  or  small  (s).  Column  23  gives  the 
shape  of  the  berry,  whether  round  (r),  oval  (o),  or  oblong  (b).  Column 
24  shows  the  color  of  the  berry,  whether  black  (b),  red  (r),  or  white 
(w).  Column  25  indicates  the  purpose  for  which  the  fruit  is  used, 
whether  for  table  (t),  shipping  (s),  juice  (j),  wine  (w),  or  cold  storage 
(c).  In  this  table  the  nomenclature  of  varieties  has  been  brought 
into  conformity  with  the  code  of  the  American  Pomological  Society  ^ 
in  so  far  as  has  appeared  practicable. 

8  American  Pomological  Society,    code  of  fkuit  nomenclature.    2  p.    1923,    [Mimeographed.] 
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SUMMARY  AND  CONCLUSIONS 

Information  relative  to  the  successful  use  of  the  different  phylloxera- 
resistant  grape  stock  varieties  best  suited  to  various  soil,  climatic, 
and  other  conditions,  as  well  as  for  the  successful  estabhshment  of 
vineyards  on  resistant  stock,  is  given  in  this  bulletin.  It  also  con- 
tains information  relative  to  the  so-called  direct  producers  originated 
in  Europe,  together  with  those  originated  in  the  United  States,  that 
have  been  tested  in  the  United  States  Department  of  Agriculture 
experiment  vineyards  located  in  the  various  vinifera  regions. 

The  ideal  resistant  stock  is  one  having  a  most  resistant  root  which 
is  congenial  to  a  top  producing  an  abundance  of  best-quahty  fruit. 

Varying  soil,  climatic,  and  other  conditions  complicate  the  estab- 
lishment of  vineyards  on  resistant  stocks. 

Good  resistant  vineyards  can  result  only  when  stocks  are  grafted 
with  vinifera  varieties  congenial  to  them  and  grown  in  soil  and  under 
climatic  and  other  conditions  to  which  they  are  suited.^ 

The  adaptability  of  resistant  stocks  to  soil,  climatic,  and  other 
conditions  can  be  closely  forecast,  but  their  congeniaUty  to  varie- 
ties grafted  on  them  must  be  determined  by  actual  test. 

Where  conditions  are  not  suited  to  any  given  species  they  are  often 
adapted  to  hybrids  of  a  species  with  some  other  species;  and  where 
all  the  quahties  desired  can  not  be  found  in  a  hybrid,  a  complex 
hybrid  (a  hybrid  of  hybrids)  may  yield  the  desired  results. 

The  congeniality  of  the  variety  to  the  stock  on  which  it  is  grafted 
very  materially  affects  the  phylloxera-resistant  quality  of  the  stock. 

The  relative  rooting  quality  of  resistant  cuttings  is  an  important 
consideration  in  the  cost  of  establishing  a  resistant  vineyard. 

Cuttings  of  many  of  the  hybrids  root  easily,  although  the  cuttings 
from  one  of  the  parents  may  be  hard  to  root. 

Stocks  that  root  easily  from  cuttings  may  not  give  good  results 
in  bench  grafting. 

Some  stocks  are  especially  suited  for  bench  grafting,  whereas  others 
are  suitable  only  for  vineyard  grafting. 

Some  of  the  hybrid  resistant-stock  varieties  are  resistant  stocks  in 
California  under  conditions  suited  to  them. 

Resistant  stocks  giving  excellent  results  as  entire  plants  may  be 
failures  as  graft  bearers. 

Species  difficult  to  propagate  otherwise  can  be  readily  grown  from 
seed,  but  seedlings  vary  greatly  and  for  this  reason  are  undesirable 
for  vineyard  purpose. 

Cuttings  of  monticola,  berlandieri,  aestivalis,  linsecomii,  bicolor, 
and  candicans  rooting  with  difficuHy  should  be  grown  by  layering 
or  rooted  in  the  nursery  and  either  grafted  there  or  planted  in  the 
vineyard  and  subsequently  grafted. 

Riparia  cuttings  root  easily  and  are  excellent  stocks  well  suited 
for  vineyard  and  bench  grafting,  but  in  California  they  are  adapted 
only  to  locations  where  they  are  iafluenced  by  the  sea  and  coast  to  a 
marked  degree.     Soils  in  which  riparia  varieties  thrive  usually  produce 

» In  the  department's  experiment  vineyards  at  Fresno  and  Oakville,  Calif.,  are  mother- vine  plantings 
of  all  the  important  phylloxera-resistant  stock  varieties  considered  valuable  in  establishing  vinifera  vine- 
yards on  resistant  stocks.  Growers  will  be  able  to  obtain  a  limited  supply  of  cuttings  of  such  varieties  as 
are  not  procurable  in  nurseries  of  this  country  by  making  a  direct  request  for  them  sufficiently  early  in  the 
winter  for  the  cuttings  to  be  prepared  in  time  for  spring  use. 
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large  crops  of  fruit  which  ripens  relatively  early  and  is  of  only  fair 
quality. 

Rupestris  stands  drought  well,  its  cuttings  root  and  graft  easily, 
and  it  is  best  adapted  for  bench  grafting,  but  when  so  used  the  dor- 
mant eyes  should  be  cut  out  of  the  stocks.  Manj  grape  varieties 
are  not  congenial  to  rupestris  and  usually  ripen  their  fruit  somewhat 
later  on  it  than  when  grown  on  other  stocks. 

A  grower  intending  to  establish  a  vineyard  on  resistant  stocks 
should  decide  on  the  vinifera  varieties  he  intends  to  grow  and  then 
choose  soil  and  other  conditions  suited  for  the  object  in  view.  It 
should  be  previously  determrued  whether  the  plantings  are  to  be 
bench  or  nursery  grafts  or  stocks  planted  hi  the  vineyard  and  grafted 
afterwards,  and  resistant  varieties  congenial  to  the  variety  to  be 
grown  should  then  be  selected.  Familiarity  with  all  the  operations 
required  lq  establishing  a  resistant  vinevard  is  most  essential. 

The  more  promising  of  the  direct  producers  iutroduced  and  tested 
LQ  the  department's  experiment  vineyards  showed  no  complete  suc- 
cesses. Either  the  hybrids  reverted  too  far  toward  the  vinifera  and 
the  phylloxera-resistant  quaUties  were  found  wanting,  or  too  much 
toward  the  resistant,  thus  impairing  the  quaUty  of  the  fruit;  or  both 
resistance  to  phylloxera  and  the  quantity  and  quality  of  the  fruit 
of  the  hybrid  were  not  as  desired.  So  far  none  of  them  are  equal  to 
some  of  the  finer  American  grape-juice  varieties  that  are  improved 
varieties  or  hybrids  of  native  species. 

Information  relative  to  grape  propagation  and  grafting  is  to  be 
had  in  Farmers'  Bulletin  No.  471.^°  Information  relative  to  vinifera 
grape  varieties  and  their  congeniality  to  important  resistant  stocks 
can  be  had  in  Department  of  Agriculture  Bulletin  No.  209." 

"  HusMANN,  Q.  C.    GEAPE  PROPAGATION,  PRUNING,  AND  TRAININQ.    U.  S.  Dept.  AgT.  Farmers'  Bui. 
471,  29  p.,  illus.     1911. 
"  HusMANN,  Q.  C.    1915.    Op.  cit. 
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PART  1.— GENERAL  ACCOUNT  ^ 


INTRODUCTION 


So  many  of  our  native  rodents  have  habits  conflicting  with  human 
interests,  making  it  necessary  to  control  their  abundance  and  dis- 
tribution, or  to  wage  a  ceaseless  warfare  of  destruction  against 
them,  that  a  species  or  a  group  of  species  of  rodent  that  is  mainly 
useful  to  man  and  beneficial  to  agriculture  becomes  of  special  interest 
and  importance.  The  grasshopper  mice  (pi.  1)  are  of  this  class. 
These  sturdy  little  rodents  are  so  largely  insectivorous  and  carnivo- 
rous in  food  habits  as  to  be  of  considerable  value  over  their  wide 
range  in  the  western  United  States  and  adjoining  parts  of  Canada 
and  Mexico  (fig.  1)  in  helping  to  hold  in  check  the  natural  increase 
pf  numerous  injurious  insects  and  to  keep  a  wholesome  balance 

»  Part  1  was  written  by  Vernon  Bailey;  part  2,  by  Charles  C.  Sperry. 
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among  many  groups  of  small  animal  life.     Their  possible  injury 
to  crops  or  other  property  is  so  slight  as  to  be  negligible. 

Much  has  been  learned  of  the  characters,  distribution,  and  varia- 
tion of  these  interesting  little  animals,  during  the  century  since 
the  first  specimen  was  collected  (1833),  and  while  their  habits  have 
not  yet  been  fully  studied,  enough  has  been  learned  to  be  placed 


Figure  1. — Approximate  distribution  of  grasshopper  mice,  genus  Onychomys. 
Solid  lines  inclose  ranges  of  subspecies  in  the  leucogaster  group  ;  dotted  lines 
subspecies  in  the  torriclua  group.  Numbers  refer  to  the  list  on  page  4,  Circles 
indicate  the  type  localities 

on  record  as  a  guide  to  future  study  and  to  show  in  part  the  relations 
of  grasshopper  mice  to  agriculture  through  the  destruction  of  insect 
pests  and  other  rodents. 

Generally  the  grasshopper  mice  are  regarded  as  rather  scarce  or 
rare,  partly  because  of  the  fact  that  they  are  hunters  and  wanderers, 
are  not  colonial,  and  do  not  follow  definite  runways.  They  thus 
leave  little  trace   (pi.  3,  A)   of  their  presence  and  are  not  easily 
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located  except  as  they  accidentally  get  into'  traps  set  for  other 
animals.  The  collector  rarely  sets  a  trap  with  any  assurance  that 
he  will  capture  one  of  these  mice,  whereas  ^yith  most  other  rodents 
he  gets  wnat  he  is  trapping  for.  In  favorable  localities,  however, 
considerable  numbers  are  taken  in  traps,  and  the  individuals  are 
generally  found  to  be  more  numerous  than  they  appear  to  be.  In 
many  places  they  are  present  in  sufficient  numbers  to  have  a  decided 
influence  on  the  abundance  of  the  animal  life  tliat  furnishes  their 
food. 

In  1887  the  writer's  first  letter  of  instructions  from  C.  Hart 
Merriam,  then  chief  of  the  Division  of  Economic  Ornithology  and 
Mammalogy  (now  the  Bureau  of  Biological  Survey)  of  the  United 
States  Department  of  Agriculture,  called  for  careful  investigation, 
as  opportunities  were  afforded,  of  the  food  habits  of  these  little- 
known  rodents,  and  in  more  than  40  years  of  field  work  since  then 
many  species  have  been  studied  both  in  the  field  and  in  captivity. 

HISTORY  OF  THE  GENUS  ONYCHOMYS 

,'  r 
.   -  X 

The  first  grasshopper  mouse  known  to  science  and  the  world  at 
large  was  collected,  described,  and  named  by  Maximilian,  Prince 
of  Wied,  who  took  the  type  specimen  in  1833  at  the  Mandan  villages, 
near  Fort  Clark,  N.  Dak.  He  called  it  Hypuda&as  leucogaster^ 
placing  it  with  the  red-backed  mice  long  known  as  Evotomys  but 
now  as  Clethrionomys. 

Ten  years  later  John  James  Audubon  collected  a  specimen  at 
Fort  Union,  near  Buford,  N.  Dak.,  which  proved  to  be  slightly 
different  and  was  named  by  him  Mus  missouriensis. 

Baird,  in  1857,  characterized  Onychomys  as  a  subgenus  of  Hes- 
peromys,  with  HypvdaetLS  leucog aster  designated  as  the  type. 

In  1874  Elliott  Coues  named  a  species  from  Camp  Grant,  Ariz., 
Hesperomys  {Onychomys)  torridus,  following  Baird  in  making 
Onychomys  a  subgenus  of  the  white-footed  mice  now  known  as 
Peromyscus. 

...  In  1888  Oldfield  Thomas,  of  the  British  Museum,  placed  the  group 
in  the  Old-World  genus  Cricetus. 

In  1889  C.  Hart  Merriam  in  a  synopsis  of  the  group  raised  Baird's 
subgenus  Onychomys  to  full  generic  rank,  and  showed  the  distinc- 
tiveness of  the  structural  characters. 

From  time  to  time  various  species  were  described.  The  first  com- 
prehensive revision  of  the  genus  was  that  by  Ned  Hollister,^  who  in 
1914  recognized  two  specific  groups  with  23  subspecific  forms,  and 
mapped  their  distribution. 

SPECIES  AND  SUBSPECIES  OF  ONYCHOMYS 

The  recognized  forms  of  Onychomys,  with  their  type  localities, 
stand  as  follows  (the  numbers  refer  to  subspecific  ranges  on  the  map 
(fig.  1),  on  which  solid  lines  indicate  subspecies  in  the  leucogaster 
group  and  dotted  lines  subspecies  in  the  torridics  group) :  a 

'  HOLLISTER,  N.       A   SYSTEMATIC  ACCOUNT   OF  THB  GRASSHOPPER   MICH.      U.   S.   Natl.    MU8. 

Proc  47 :  427-489.  lllus.  1914. 
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ONYCHOMYB  LEUCOGASTEE  GROUP 

1.  O.  I.  leucoffaster Fort  Clark  (near  Stanton),  N.  Dak. 

2.  O.  I.  missouriensis Fort  Union   (near  Buford),  N.  Dak. 

3.  0.  I.  arcticeps Clapham,  N.  Mex. 

4.  0.  I.  IrevicaucUus ._.  Blackfoot,  Idaho. 

5.  0.  I.  fuscogriseus 1_   Ironside,  Oreg. 

6.  O.  I.  melanophrys Kanab,  Utah. 

7.  O.  I.  fuligmosus Black  Tank  lava  beds,  Coconino  County,  Ariz. 

8.  O.  I.  ruidosae Ruidoso,  N.  Mex. 

9.  O.  I.  albescens Samalayuca,  Chihuahua,  Mexico. 

10.  O.  I.  longipes Concho  County,  Tex. 

11.  O.  I.  hreviauritus Fort  Reno,  Okla. 

12.  O.  I.  capitulatus Hualpai  Indian  Reservation,  Ariz. 

ONYCHOMYS  TOKBIDUS  GROUP 

13.  0.  t.  torridus Camp  Grant,  Ariz. 

14.  0.  t.  perpallidus Arizona — Sonora  line  at  east  bank  of  Colorado  River. 

15.  0.  t.  pulcher Morongo  Pass,  Calif. 

16.  0.  t.  longicaudus St.  George,  Utah. 

17.  O.  t.  clarus Keeler,  Calif. 

18.  0.  t.  tularensis Bakersfield,  Calif. 

19.  O.  t.  ramona San  Bernardino  Valley,  Calif. 

20.  0.  t.  maorotis Head  of  San  Antonio  River,  Lower  California,  Mexico. 

21.  O.  t.  ifaMensis Camoa,  Sonora,  Mexico. 

22.  O.  t.  canus San  Juan  Capistrano,  Zacatecas,  Mexico. 

23.  0.  t.  surrufuS Miquihuana,  Tamaulipas,  Mexico. 

The  Onychorm/s  leucog aster  and  O.  torridus  groups  are  quite  dis- 
tinct (pi.  2),  with  many  differences  in  structure,  habits,  and  habitat, 
but  within  each  group  there  seem  to  be  only  such  differences  in  habits 
as  are  induced  by  varying  environmental  conditions  over  a  wide  range 
of  country.  The  leueogcDster  group  occurs  mainly  in  the  Upper 
Sonoran  Zone,  while  the  tor^ndus  group  is  restricted  mainly  to  the 
Lower  Sonoran.  Several  forms  of  the  leucogaster  group,  however, 
range  into  the  Transition  Zone,  and  one  into  the  Lower  Sonoran, 
and  in  places  forms  of  both  groups  occur  together  or  in  close  prox- 
imity along  the  borders  of  their  ranges.  '  (Fig.  1.)  Their  division 
of  range  is  evidently  not  a  matter  of  antipathy  between  the  species, 
as  it  is  in  some  groups,  for  when  placed  in  a  cage  together  repre- 
sentatives of  the  two  groups,  one  O.  leucogmter  fvjscogriseus  and  four 
O.  torridus  torridus^  were  perfectly  fri-endly,  sleeping  in  one  nest  for 
weeks  and  evidencing  signs  of  distress  when  separated.  The  differ- 
ences between  the  two  groups  are  comparable  with  those  separating 
the  wolves  and  coyotes — both  being  good  hunters,  there  is  no  rivalry 
while  their  game  is  plentiful.  When  there  is  any  conflict  of  interests 
the  smaller  species  in  both  cases  is  duly  respectful  toward  its  larger 
relative. 

GENERAL  CHARACTERS 

ONYCHOMYS  LEUCOGASTER  GROUP 

In  general  appearance  the  forms  of  the  leuoogaster  group  resemble 
some  of  the  white-footed,  or  deer,  mice,  but  are  of  shorter,  heavier 
build.  They  have  short,  thick,  tapering  tails ;  narrower,  more  pointed 
ears ;  and  keen,  eager,  almost  weasellikef  expressions.  The  pink-and- 
white  nose  and  dusky  wash  across  the  face  below  the  eyes  in  some  of 
the  darker  forms  give  them  a  bold  expression  somewhat  like  that 
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Plate  1 


Onychomys  Leucogaster  Fuscogriseus 

The  grasshopper  mouse  found  in  Oregon  and  adjoining  parts  of  Washington,  Idaho,  Nevada, 
and  California.    (See  portion  of  map  of  range  of  the  genus  designated  5,  Fig.  1.) 
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Plate  2 


CAPTIVE  Individuals  of  Onychomys 


A. — Oregon  grasshopper  mouse  (Onychomys  leucogaster  fuscogriseus) ,  the  ears  curled  backward  as  usual 

in  bright  light.    About  natural  size. 
B  and  C— The  Arizona  grasshopper  mouse  {Onychomys  torridus  torridus)  is  smaller,  with  a  relatively 

longer  tail  than  its  northern  cousin.   Its  food  habits  are  much  the  same  as  those  of  the  larger  species, 

and  it  enjoys  a  grasshopper  or  beetle  just  as  much  and  eats  it  in  the  same  manner.    Considerably 

less  than  natural  size. 
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of  the  black-footed  ferret,  especially  when  in  a  fight  or,  with  ears 
laid  back  and  eyes  sparkling  with  eagerness,  in  pursuit  of  prey. 
Their  fur  is  full,  soft,  and  fine,  and  usually  immaculately  clean.  The 
upper  parts  in  adults  are  in  various  shades  of  pinkish  buff,  more  or 
less  clouded  with  dusky;  the  under  parts,  feet,  nose,  and  lower  half 
and  tip  of  the  tail  are  snowy  white.  Young  and  immature  are  slaty 
or  ashy  gray  over  the  upper  parts. 

ONYCHOMYS  TORRffiUS  GROUP 

The  various  forms  of  the  torridus  group  are  smaller,  more  slender, 
and  relatively  longer-tailed  than  are  those  of  the  leucogaster  group. 
In  these  characters,  as  in  the  less-developed  coronoid  process  of  the 
jaw,  they  show  a  nearer  relationship  to  the  white-footed  mice  of  the 
genera  Biomys  and  Peromyscus.  In  color  the  upper  parts  are  bright 
tawny;  ears  dusky;  top  of  tail  dark  gray;  under  parts,  spot  at  an- 
terior base  of  ear,  feet,  lower  surface,  sides,  and  tip  of  tail  pure  white. 
Immature  individuals  are  ashy  gray  over  the  upper  parts. 

Measurements  of  typical  torridus  from  Arizona :  Total  length,  148 
millimeters;  tail,  48;  hind  foot,  21;  ear  from  notch  to  tip,  17. 
Weight  of  adult  male,  26  grams. 

The  characters  of  the  different  subspecies  are  based  mainly  on 
slight  variation  in  shades  of  color  and  in  measurements,  relative 
length  of  tail,  and  proportions  of  skulls. 

ODOR 

At  times  grasshopper  mice  have  a  very  strong  odor,  always  much 
the  same,  pungent  and  musky,  almost  sloinklike,  but  there  are  no 
local  external  glands  from  which  it  is  discharged.  It  seems  to  be 
derived  from  the  intestinal  tract  or  feces,  and  is  probably  due  to  the 
nature  of  their  food.  If  the  cage  is  not  kept  well  cleaned  and  sup- 
plied with  plenty  of  fresh  sand,  the  odor  becomes  strong  and 
unpleasant. 

The  fur  has  a  tendency  to  become  oily  and  of  ruffled  appearance 
unless  plenty  of  dry  sand  is  supplied,  m  w^hich  they  can  roll  and 
dust  themselves.  The  sand  and  dust  quickly  remove  the  surplus  oil, 
however,  and  the  fur  becomes  soft  and  fluffy  again.  The  oil  evi- 
dently comes  from  evenly  distributed  glands  of  the  skin  or  hair 
follicles,  as  no  localized  or  concentrated  oil  glands  have  been 
discovered. 

VOICE 

Grasshopper  mice  have  two  very  different  notes,  the  commoner  a 
short,  sharp  little  squeak  or  bark,  ech^  ech^  ech^  ech,  uttered  in  rapid 
succession  when  on  the  defensive,  angry,  or  in  hot  pursuit  of  prey. 
It  is  much  like  the  barking  of  a  tiny  terrier  and  is  used  in  much  the 
same  manner  in  expression  of  anger  or  excitement.  The  other  note 
is  a  long,  line,  shrill  whistle  in  a  nigh  key,  insectlike  in  fineness  and 
quality.  It  can  be  approximately  reproduced  by  softly  whistling 
over  the  tip  of  the  tongue  in  the  roof  of  the  mouth  just  back  of 
the  teeth.  It  is  the  wolf's  howl  in  miniature,  without  rise  or  fall, 
and  is  made  with  raised  nose  and  open  mouth  in  perfect  wolf  form. 
Usually  only  a  single  call  is  heard  at  a  time  or  at  long  intervals,  but 
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under  special  conditions  it  may  be  heard  several  times  in  an  evening 
or  at  intervals  all  night,  and  what  has  seemed  to  be  an  answering  call 
has  been  heard  from  another. 

It  is  most  often  heard  in  the  early  springtime  when  the  mating 
instincts  are  roused  in  most  animals,  but  may  be  heard  at  any  time 
during  the  summer,  especially  on  still,  dark  nights.  Probably  it  is 
the  mating  or  hunting  call  and  may  be  both.  At  times  it  is  a  lone- 
some call,  when  a  mate  or  companion  has  been  lost  or  removed. 

VARIATION 

'V\niile  varying  considerably  in  color  and  slightly  in  size  and 
proportions,  the  different  subspecies  in  each  group  are  not  very 
strongly  marked.  Typical  leucogaster^  from  North  Dakota,  measures 
in  total  length,  164  millimeters;  tail,  42;  hind  foot,  22;  while  an 
adult  male  of  fuscogriseus^  from  Oregon,  measured  150;  40;  21;  ear 
from  notch,  16 ;  and  weighed  45  grams. 

GENERAL  HABITS 

The  habits  that  have  attracted  special  attention  to  these  rodents 
and  suggested  their  economical  importance  are  their  fondness  for 
insect  and  animal  food,  and  the  evidence  of  general  hunting  instincts 
so  unusual  among  rodents.  Many  other  rodents,  however,  are  carniv- 
orous to  a  lesser  degree. 

In  North  Dakota  these  rodents  were  first  called  "  grasshopper  " 
mice,  because  the  stomachs  of  those  collected  for  specimens  were 
usually  filled  with  grasshoppers.  In  Arizona  they  were  called 
"  scorpion  "  mice,  because  their  stomachs  often  contained  remains  of 
scorpions  to  the  exclusion  of  all  else.  Over  the  country  at  large, 
however,  they  feed  upon  a  great  variety  of  insect  and  small  animal 
life,  usually  on  the  locally  abundant  forms  that  in  many  cases  are 
classed  as  objectionable  or  destructive  economically.  Insect  life  when 
abundant  generally  furnishes  most  of  their  food,  but  when  insects 
or  other  animals  are  scarce,  seeds  or  such  other  vegetable  foods  as 
are  available  are  freely  taken.  Their  habit  of  eating  any  small 
rodents  found  in  the  traps  of  collectors  has  shown  grasshopper  mice, 
to  be  almost  as  carnivorous  as  they  are  insectivorous,  and  in  cap- 
tivity their  habit  of  killing  other  mice  for  food  has  been  fully  veri- 
fied. At  least  a  dozen  stomachs  examined  in  the  field  have  been 
found  to  contain  flesh  and  hairs  of  small  rodents,  including  kangaroo 
rats,  pocket  mice,  and  white-footed  mice  that  could  be  recognized, 
while  far  greater  numbers  of  rodents  have  been  wholly  or  partly 
eaten  from  the  traps  of  collectors  in  such  manner  as  almost  positively 
to  convict  Onychomys  of  the  deed.  Such  cases  include  many  species 
of  kangaroo  rats,  pocket  mice,  white-footed  mice,  a  few  harvest 
mice,  meadow  mice,  cotton  rats,  ground  squirrels,  and  pocket  gophers, 
as  well  as  species  of  grasshopper  mice. 

STUDIES   OF  ONYCHOMYS  IN  CAPTIVITY 

Five  of  the  different  forms  of  Om/chomys  leucogaster  have  been 
kept  in  captivity  and  their  food  habits  carefully  noted. 

In  1887  an  O.  I.  missovHensis  from  the  Yellowstone  River  be- 
tween  Fort  Buford   and   Glendive,  Mont.,   was  kept   captive   for 
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about  a  month,  and  much  was  learned  of  its  food  habits  and  its 
call  note,  a  fine  long  whistle  in  a  high  key.  In  1892  one  was 
captured  at  Kiowa  in  southern  Kansas,  probably  referable  to  the 
subspecies  O.  I.  hreviauritus^  and  kept  alive  for  several  weeks  before 
it  escaped,  although  little  that  was  new  was  learned  of  its  habits. 
In  1920  one  of  the  subspecies,  O.  I.  fuscogriseus^  was  taken  near  Mal- 
heur Lake  in  eastern  Oregon,  and  for  nearly  three  years  of  captivity 
it  yielded  interesting  facts  concerning  food  and  other  habits.  In 
1922  F.  B.  Sumner  sent  the  writer  a  pair  of  the  pale  form  from  the  i 
Painted  Desert,  Ariz.,  known  as  O.  I.  iiielano'plii^s^  from  which  two  * 
families  of  five  young  each  have  been  reared  in  captivity. 

In  1913  an  Onychmmjs  t(/t^Mu9  was  taken  alive  in  Arizona  and 
kept  for  some  time,  but  it  died  of  injuries  received  in  the  trap.  In 
1920  others  of  the  tanidus  group  were  taken  and  kept  alive  all 
winter  and  their  habits  more  thoroughly  studied.     (PL  3,  B  and  C.) 

ACTIVITIES 

NOOTUENAL   WANDERINGS 

Grasshopper  mice  are  mainly  nocturnal,  hunting  and  roaming  at 
night  and  being  rarely  seen  during  the  day.  In  captivity,  however, 
they  see  well  in  the  daytime  if  forced  into  the  light,  but  dislike  it 
and  try  to  hide  away  in  the  darkest  corners. 

They  are  great  wanderers,  being  taken  at  the  burrows  of  man}^ 
other  animals,  but  rarely  at  burrows  that  could  have  been  made  by 
themselves,  or  where  they  would  be  likely  to  have  permanent  homes, 
except  during  the  breeding  season,  when  an  old  female  and  her 
family  of  half -grown  young  may  be  taken  in  close  proximity. 

MOVEMENTS 

Grasshopper  mice  are  not  swift  runners,  owing  to  their  com- 
paratively short  legs  and  heavy  bodies,  but  they  are  extremely 
quick  at  turning  and  dodging,  and  are  more  difficult  to  catch  in 
hand  than  many  swifter  rodents.  In  an  open  place  they  are  unable 
to  overtake  white-footed  mice,  or  house,  pocket,  or  meadow  mice, 
but  in  a  corner  or  narrow  place  they  will  catch  and  kill  any  of 
them. 

Although  they  may  climb  low  bushes  the  only  evidence  of  their 
doing  so  is  found  in  their  feeding  on  the  green  caterpillars  of  the 
sagebrush.  In  the  cages  they  rarely  attempt  to  climb  even  the  wire- 
netting  sides,  and  in  efforts  to  escape  usually  try  to  crawl  under 
rather  than  over  concealing  objects.  When  kept  in  kitchen  or  base- 
ment they  do  not  climb  above  that  floor  unless  there  is  some  easy 
way  of  walking  up  an  inclined  surface. 

BUKROWS    USED 

The  strong  claws  of  grasshopper  mice  resemble  good  digging  tools, 
but  there  seems  little  evidence  of  extensive  burrowing.  They  can  dig 
rapidly  in  soft  earth,  and  to  some  extent  dig  out  and  capture  their 
prey  in  this  manner.  It  is  questionable  whetiier  they  habitually  dig 
their  own  burrows  or  generally  use  abandoned  burrows  or  those  of 
their  victims. 


HUNTING 

The  large,  strong  claws  of  Onychomys  are  effectively  used  in 
capturing  and  holding  their  prey.  A  large  grasshopper  will  some- 
times kick  so  hard  while  its  head  is  being  eaten  off  that  its  captor 
is  tipped  over  backward,  but  it  never  escapes  the  grasp  of  teeth  and 
toes.  The  prey  is  often  pounced  upon  and  grasped  with  the  feet 
and  the  keen  incisors,  and  the  feet  are  often  placed  on  a  bone  or  body 
to  hold  it  as  the  meat  is  torn  off  in  true  canine  fashion.  Most  sig- 
nificant, however,  is  the  manner  in  which  a  mouse  of  approximately 
similar  size  is  grasped  with  the  claws  in  a  death  struggle,  and  while 
fighting  is  held  and  turned  until  the  back  of  the  head  is  within  reach 
of  a  daggerlike  thrust  of  the  long  keen  lower  incisors,  which  pene- 
trate the  brain  and  instantly  end  the  struggle.  Such  habits  would 
seem  to  explain  the  development,  for  muscular  attachment,  of  the 
powerful  hamular  process  of  the  lower  jaw  as  well  as  the  strong 
claws. 

DISPOSITION 

Grasshopper  mice  are  conspicuously  less  nervous  and  timid  than 
many  rodents,  and  even  when  caught  in  traps  usually  show  no  signs 
of  terror,  either  submitting  quietly  to  being  handled  or  making 
vigorous  resistance  in  fighting  or  struggling  to  escape.  When  taken 
out  of  the  trap  they  have  been  known  to  sit  on  the  open  hand  and 
eat  live  grasshoppers  from  it  a  moment  later. 

Generally  they  are  sociable,  seemingly  enjoying  the  company  of 
their  own  or  related  species,  and  at  times  in  the  absence  of  other 
companions  even  allowing  a  white-footed  mouse  not  needed  for 
immediate  food  to  occupy  the  cage  and  nest  with  them.  Occasionally 
two  will  appear  to  be  fighting,  but  they  seldom  injure  each  other 
and  evidently  are  only  playing  or  indulging  in  their  own  form  of 
exercise. 

As  pets,  grasshopper  mice  show  no  attachment  for  the  person 
who  feeds  them.  They  are  extremely  independent  and  strenuously 
object  to  being  handled,  and  while  apparently  unafraid  and  not 
nervous,  they  make  every  effort  to  avoid  or  escape  from  a  person's 
hands,  sometinues  biting  severely  if  captured  and  forcibly  held  or 
continuously  annoyed  by  being  touched  and  followed  up  by  the 
fingers.  While  later  generations  born  in  captivity  might  become 
partly  domesticated,  captives  have  become  rather  less  gentle  with 
years  of  familiarity.  They  have  some  home  instinct,  however,  and 
with  the  cage  left  open  in  a  vivarium,  kitchen,  or  basement  they 
will  run  at  large  all  night  and  almost  invariably  be  found  in  their 
own  nests  in  the  morning.  As  pets  for  children  or  as  playthings 
they  have  not  proved  a  success,  but  they  will  rid  kitchens,  basements, 
cellars,  or  greenhouses  of  cockroaches  and  other  insect  pests.  When 
so  used  the  mice  are  easily  handled  and  controlled  merely  by  placing 
their  cages  with  open  doors  in  the  room  and  allowing  them  to  run 
at  large  at  night.  If  the  rooms  are  not  tight,  they  may  escape  and 
wander  away  or  be  caught  by  cats. 

SENSES 

All  of  the  common  senses  seem  to  be  keen.  The  eyes  are  large, 
expressive,  and  alert,  and  the  motion  of  a  grasshopper  or  caterpillar 
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ACTIVITIES   OF   CAPTIVE   ONYCHOMYS 


625110:  B25196;  B25I95 


A.— Tracks  of  Oregon  grasshopper  mou.se  in  a  thin  layer  of  flour,  much  as  they  would  appear  in  light 
sand  or  fresh  snow,  with  the  animal  rapidly  trotting.    About  natural  size. 

B.— Grasshopper  mice  from  the  Painted  Desert  of  Arizona  exercising  on  their  inclined  disk  in  a  small 
cage.  Elevated  nest  boxes  leave  the  bottom  of  the  cage  free,  and  a  sand  box  fitted  against  a  hole  in 
the  side  of  the  cage  is  used  as  an  excrement  chamber,  so  that  the  cage  is  kept  clean. 

C. — In  a  larger  cage  two  nest  boxes,  one  above  the  other,  accommodate  a  whole  family,  the  mother 
and  her  five  young  occupying  one  and  the  old  male  the  other.  The  sand  box  is  in  one  corner,  and  the 
revolving  disk  is  placed  high  enough  to  provide  play  room  underneath. 
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Female  and  Young  of  Onychomys 


B4128M;  B4129M;  B25I94 


A.— Young  grasshopper  mice  (Onychomys  leucogaster  melanophrys)  before  they  are  a  day  old  when 

weighing  3  grams  each,  naked,  blind,  and  helpless.   About  natural  size. 
B. — Two  of  the  above  mice  at  8  days  old  when  covered  with  soft  hair,  but  before  the  eyes  or  ears  had 

opened.   About  natural  size. 
C— Old  female  from  the  Painted  Desert,  Ariz.,  with  her  five  8-day-old  young  clinging  to  her  nipples 

as  she  drags  them  around  the  cage.    Considerably  less  than[.natural  size. 


LIFE   HISTORY   AND   HABITS   OF   GRASSHOPPER  MICE  9 

rarely  escapes  their  notice  either  in  daylight  or  in  the  dusk.  It  is 
not  known  how  well  they  can  see  in  dense  darkness. 

Grasshopper  mice  have  keen  hearing,  as  is  shown  by  their  quick 
notice  of  the  slightest  sound;  even  the  walking  of  insects  in  the 
cage  brings  one  out  of  its  nest  box  alert  for  the  hunt.  It  seems 
probable  that  their  voices  include  and  their  ears  catch  many  sounds 
that  are  not  registered  by  corresponding  human  senses. 

Their  noses  are  keen  and  quick  to  detect  and  recognize  food  or 
game,  and  one  will  often  follow  the  trail  of  another  mouse  around 
the  cage,  under  and  over  obstructions,  sniffing  the  ground  and  ob- 
jects that  their  quarry  has  touched.  They  quickly  discover  and 
dig  up  insects  buried  half  an  inch  below  the  surface  of  the  earth 
and  probably  get  much  food  underground  in  the  form  of  insects, 
larvae,  and  eggs.  While  not  swift  runners,  they  seem  to  be  good 
trailers  and  to  be  able  to  follow  and  corner  their  prey  by  tracking. 

The  short,  soft,  useless-looking  tail  is  very  expressive  when  they 
are  following  trails  or  stalking  their  quarry.  It  wags  intensely  as 
they  come  to  close  quarters  and  shows  all  the  excitement  and  eager- 
ness expressed  by  the  tail  of  a  good  bird  dog. 

SANITATION 

When  kept  in  cages  (pi.  3,  B  and  C),  grasshopper  mice  usually 
select  some  corner  or  hidden  place  for  a  regular  urinal  but  scatter 
their  pellets  more  or  less  carelessly  over  the  sandy  floor.  One  pair 
selected  a  food  box  at  the  top  of  the  cage  for  depositing  their  excre- 
ment, and  when  the  box  was  half  filled  with  sand  they  used  it  regu- 
larly. Then  a  little  square  tin  box  with  sand  in  the  bottom  and  a 
hole  in  one  side  was  fitted  against  a  hole  in  the  side  of  the  cage.  Im- 
mediately this  dark,  sandy  retreat  was  adopted  for  the  purpose  and 
used  so  exclusively  that  the  rest  of  the  cage  was  kept  clean  for  an 
indefinite  time.  The  box  would  become  rank  and  vile  smelling  in  a 
few  days,  but  was  easily  emptied  and  supplied  with  fresh  sand,  and 
the  care  of  the  cage  was  rendered  comparatively  easy.  The  fact  that 
all  the  rank  odor  was  confined  to  the  sand  dox  seems  to  indicate 
absence  of  specific  odor-producing  glands. 

BREEDING  HABITS 

In  breeding  habits  the  two  groups,  and,  so  far  as  is  known,  the 
various  subspecies,  are  much  the  same.  The  females  have  regularly 
six  mammae  arranged  in  two  pairs  close  together  in  the  inguinal 
region  on  the  posterior  part  of  the  belly  and  one  pair  in  the  pectoral. 
These  are  on  four  distinct  mammary  glands,  the  pair  of  inguinal 
glands  bearing  each  two  nipples. 

The  number  of  young  at  a  birth  in  the  leucogaster  group  is  usually 
4,  5,  or  6.  Four  is  probably  the  normal  first  litter,  and  5  or  6  the 
number  in  older  and  fully  mature  females.  In  the  torridiLS  group 
the  number  of  embryos  noted  is  usually  3  to  5. 

The  young  are  born,  or  at  least  females  containing  embryos  are  col- 
lected, at  widely  varying  dates,  in  the  Northern  States  from  May  to 
August,  and  in  Texas  and  Arizona  from  April  to  December.  One 
pair  from  northern  Arizona  had  their  first  family  of  five  young  born 
in  captivity  on  April  4,  1923,  and  the  second  family  of  five  young 
about  May  15,  1923.  The  male  and  the  female  had  been  together  all 
59971—29 2 
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winter,  but  after  the  first  young  were  born  they  were  kept  separate 
until  May  1,  when  they  were  again  placed  in  the  same  cage  away  from 
the  half-grown  young.  On  May  18  the  writer  was  surprised  to  find 
the  female  with  five  more  young  that  weighed  7.8  grams  each  and 
must  have  been  at  least  3  days  old.  (PL  4.)  The  first  young  at 
birth  weighed  2.5  to  3  grams  each,  or  a  total  of  13.6  grams,  while  the 
mother  a  little  later  weighed  50  grams.  The  young  were  naked  and 
helpless,  with  eyes  and  ears  closed  and  no  trace  of  teeth  showing 
through.  On  the  eleventh  day  their  incisors  were  well  out  and  their 
ears  open,  and  on  the  fifteenth  day  their  eyes  opened.  They  Avere  not 
weaned  until  they  were  about  24  days  old  and  nearly  half  grown, 
but  they  had  been  eating  seeds,  rolled  oats,  and  green  food  for  a 
week. 

ECONOMIC  STATUS 

So  far  as  is  known  grasshopper  mice  are  practically  harmless  in 
the  usual  ways  in  which  many  others  of  the  small  rodents  destroy 
crops,  forage,  trees,  fruit,  or  man's  personal  property.  In  rare  cases 
they  eat  a  little  grain  or  a  few  seeds,  which,  in  part  at  least,  would 
be  scattered  waste.  They  undoubtedly  destroy  a  few  useful  preda- 
tory insects,  but  these  form  only  a  small  part  of  their  food.  On 
the  other  hand  they  consume  great  numbers  of  many  destructive 
insects  and  of  small  animals  that  are  not  ordinarily  reached  or  held 
in  check  by  birds  or  other  animals,  such  as  the  burrowing,  under- 
ground, and  nocturnal  species,  which  are  peculiarly  accessible  to  the 
mice,  and  also  the  diurnal  species  that  sleep  on,  near,  or  under  the 
surface  of  the  ground  and  are  easily  captured  at  night.  Their 
destruction  of  other  small  rodents,  especially  the  young,  undoubtedly 
tends  to  serve  as  a  check  on  overabundance  of  many  harmful  species. 
In  a  large  area  of  the  Western  States  where  the  moles  and  short- 
tailed  shrews  are  absent,  their  place  in  animal  economy  is  taken  to  a 
considerable  extent  by  these  mice. 

FOOD  HABITS 

WINTER   FOOD 

In  1833  Maximilian  at  the  Mandan  villages  in  North  Dakota  re- 
ported that  grasshopper  mice  were  common  over  the  prairies,  in 
winter  coming  into  the  Indian  houses  where  stores  of  food  were  kept. 
At  Fort  Berthold,  in  1872  and  1873,  Doctor  McChesney  reported  that 
they  were  abundant  and  were  infesting  the  underground  caches  of 
the  Indians. 

In  the  San  Luis  Valley,  Colo.,  Merritt  Gary  caught  a  considerable 
number  of  these  mice  in  an  outdoor  cellar  where  vegetables  were 
stored  for  winter.  This  was  late  in  October  and  early  in  November, 
1907,  and  the  mice  undoubtedly  had  gathered  there  for  the  winter. 
They  were  accused  of  eating  the  vegetables,  but  this  may  have  been 
wholly  or  in  part  the  work  of  other  rodents,  although  if  animal  food 
is  not  available  the  grasshopper  mice  will  eat  fresh  vegetables,  seeds, 
and  grain.  . 

These  reports  and  the  fact  that  the  mice  do  not  become  extremely 
fat  in  fall,  as  most  hibernating  animals  do,  would  imply  winter 
activity  in  any  available  underground  cavities,  caverns,  cracks,  or 
extensive  burrows  where  numerous  insects  also  congregate  for  winter, 
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and  when  necessary,  journeys  made  over  or  under  the  snow  to  new 
quarters  and  a  fresh  supply  of  food.  In  the  South,  where  deep  snow 
rarely  lies  very  long,  they  are  active  all  winter  and  are  taken  in  freez- 
ing weather,  but  in  the  North  their  winter  habits  have  not  been  care- 
fully observed.  Tame  individuals  of  Onychomys  I.  fuscogrlseus  from 
eastern  Oregon,  and  O.  I.  ruelanophrys  from  northern  Arizona  have 
kept  awake  all  winter  in  Washington,  D.  C,  in  outdoor  temperatures 
down  to  11°  F.  They  sleep  much,  eat  little,  and  keep  verv  quiet  dur- 
ing the  coldest  weather,  but  show  no  signs  of  even  partial  hibernation, 
although  they  have  the  appearance  of  being  fat  and  are  very  heavily 
furred. 

Storage  of  food  seems  to  be  a  common  winter  habit  of  Onychomys, 
and  in  cold  weather  captive  specimens  bring  sunflower  seeds  to  their 
nest  boxes  until  they  have  to  throw  out  part  of  the  nest  to  make  room 
for  them.  In  the  absence  of  cheek  pouches  they  carry  two  sunflower 
seeds  at  a  time  in  their  mouths,  and  make  numerous  rapid  journeys 
from  the  seed  supply  to  the  nest  box,  never  stopping  until  the  supply 
is  safely  stored  away.  These  stores  are  used  with  great  economy  and 
never  touched  if  other  food  is  available. 

In  mild  weather  the  grasshopper  mice  have  the  habits  of  carnivores, 
gorging  themselves  in  time  of  plenty  and  fasting  until  another  meal 
is  available,  leaving  a  half-eaten  carcass  when  they  can  eat  no  more, 
and  returning  later  if  a  fresh  supply  is  not  obtained. 

SUMMER  FOOD 

As  shown  by  examination  of  stomachs  in  field  and  laboratory,  most 
of  which  were  collected  during  the  warm  seasons,  the  summer  food  of 
Onychomys  is  almost  exclusively  animal  matter,  the  highest  percent- 
age of  insects  being  eaten  during  late  summer  and  fall,  when  both 
insects  and  seeds  are  most  abundant  and  a  free  choice  is  available. 

FOOD  IN  CAPTIVITY 

It  is  of  interest  to  note  the  food  preference  of  individuals  in  cap- 
tivity. Preferences  for  certain  kinds  are  very  marked.  Grasshop- 
pers and  crickets  of  many  kinds,  cockroaches  (both  native  and  intro- 
duced), beetles  and  weevils  of  most  kinds,  smooth  caterpillars,  and 
the  maggots,  pupae,  and  eggs  of  flies  are  favorite  insect  foods.  Scor- 
pions of  large  or  small  size  are  eagerly  eaten,  and  in  some  localities 
also  may  be  counted  a  favorite  food. 

The  mice  are  fond  of  fresh  meat  of  almost  any  kind — ^beef ,  lamb, 
game,  and  poultry — especially  of  the  bodies  of  the  mice  and  other 
small  rodents  that  are  always  available  in  the  camp  of  a  mammal 
collector  and  are  often  eaten  in  the  traps  before  the  collector  finds 
them.  They  eat  also  the  flesh  from  birds'  bodies  and  to  some  extent 
bacon  or  salted  meats  when  used  as  trap  bait.  Their  natural  and 
available  animal  food,  however,  is  obtained  by  capturing  mice  of 
their  own  size  or  smaller.  They  are  especially  fond  of  young  mice 
and  undoubtedly  eat  the  young  of  many  burrowing  rodents  much 
larger  than  themselves. 

In  Montana  in  1887  it  was  discovered  that  they  were  fond  of  mice, 
but  they  were  not  tested  in  killing  mice  until  an  Oregon  captive 
demonstrated  its  skill  in  this  regard.     A  live  white- footed  mouse 
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(Peroviyscfos  nnamiculatus  ganibeli)  of  approximately  its  own  size  was 
put  in  the  same  cage  with  the  Oregon  Onychomys,  and  the  next 
morning  only  the  torn  skin,  feet,  tail,  and  few  bits  of  bones  re- 
mained. These  weighed  2.2  grams.  The  mouse  was  not  weighed 
beforehand,  but  others  of  about  the  same  size  weighed  20  grams  each. 
The  grasshopper  mouse  then  weighed  22  grams.  The  next  night  it 
killed  and  ate  a  13-gram  pocket  mouse  {Perognathios  pm^vus)^  leav- 
ing only  2  grams  of  skin  and  bone.  The  following  night  it  killed  and 
ate  a  meadow  mouse  {Microtus  montamis)^  leaving  only  II/2  grams 
of  skin  and  bone,  and  in  the  morning  for  breakfast  ate  three  large 
grasshoppers  and  some  rolled  oats.  The  next  night  it  ate  6  grams  of 
solid  muscle  from  the  breast  of  a  prairie  falcon  and  some  grasshop- 
pers and  oats,  and  the  next  night  a  14-gram  white-footed  mouse,  all 
except  2  grams  of  skin  and  bone,  and  breakfasted  on  four  large- 
winged  grasshoppers,  a  dragon  fly,  a  moth,  and  some  oatmeal.  This 
was  its  chief  fare,  with  many  variations,  for  several  weeks.  About 
12  or  14  grams  of  meat,  all  the  grasshoppers  that  were  available,  and 
some  rolled  oats  each  day  kept  the  captive  contented  and  happy.  It 
preferred  to  kill  its  own  meat.  A  dead  white-footed  mouse  and  a  live 
pocket  mouse  were  put  into  the  cage  overnight.  In  the  morning  the 
14-gram  pocket  mouse  was  killed  and  eaten  all  except  2  grams  of 
torn  skin  and  bits  of  bones,  but  the  dead  animal  had  not  been  touched. 
The  amount  it  would  eat  each  day  was  never  accurately  determined, 
but  it  was  often  approximately  its  own  weight  in  24  hours.  Some- 
times no  food  was  given  for  a  night  and  a  day,  but  the  mouse  seemed 
not  to  mind,  the  effect  of  its  fast  being  shown  only  by  a  better  appe- 
tite the  next  night. 

In  California,  Arizona,  and  Washington,  D.  C,  this  Oregon  captive 
encountered  many  new  and  strange  kinds  of  food  and  game,  but 
always  showed  quick  decision  as  to  what  was  acceptable  and  what 
was  not.  In  Arizona  it  enjoyed  big  fat  scorpions  such  as  it  had 
never  seen  before,  some  2  and  3  inches  long,  with  heavy  bodies. 
The  tails  usually  were  first  bitten  so  that  the  terminal  part  with  the 
poisonous  sting  was  helpless,  then  the  mouse  would  stand  them  up, 
and  holding  them  with  its  front  feet  eat  first  the  head,  then  the  body, 
legs,  tail,  and  all,  not  leaving  even  the  stinger  of  the  tail,  and  han- 
dling them  just  as  adroitly  as  did  the  little  torridus  that  had  always 
livecl  in  their  country. 

Other  dainty  morsels  eagerly  eaten  were  the  underground,  trans- 
parent, wingless  grasshoppers  found  in  rodent  burrows.  Some  of  the 
big,  hard-shelled,  wingless  grasshoppers,  nearly  as  large  as  the  mouse, 
were  relished,  even  if  they  had  to  be  eaten  out  of  their  shells  like 
nut  meats. 

Some  very  large  praying  mantes,  including  gravid  females,  were 
relished,  eggs  and  all.  One  of  these,  about  3  inches  long,  with  20 
grasshoppers  furnished  one  good  day's  feed. 

The  mouse  ate  many  beetles  entirely  foreign  to  its  regular  habitat 
and  enjoyed  the  big  white  grubs,  cut  open  the  weevil-infested  bolls  of 
the  wild  cotton  plant  Thurberia,  and  ate  the  weevils  with  evident 
relish,  seeming  to  Imow  how  just  as  well  as  did  the  native  species. 
Lizards  and  salamanders  were  sometimes  eaten,  but  not  eagerly. 
At  Washington  a  tame  mouse  showed  the  same  fondness  for  new 
and  strange  foods  not  native  to  its  original  habitat.    It  enjoyed  the 
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common  potato  beetles  and  even  their  larvae,  and  ate  the  big  spotted 
lady  beetle  Epilachna  horecdis  (which  destroys  squash  and  melon 
vines),  as  well  as  rose  weevils  and  magnolia  weevils;  in  fact  it  ate 
all  beetles  offered  except  two  species  of  blister  beetle  {Epicauta 
vittata  and  E,  pennsylvanica) .  Parts  of  house  mice  placed  in  its 
cage  were  eaten,  including  the  brains,  but  the  musky  bodies  seemed 
not  to  be  relished. 

In  the  kitchen  this  mouse  proved  very  useful  in  capturing  and  eat- 
ing all  the  cockroaches  that  came  out  at  night.  At  first  they  were 
numerous  and  large,  but  after  a  few  weeks  they  became  scarce,  and 
only  the  very  small  or  young  individuals  were  occasionally  seen. 
Little  groups  of  legs  could  be  found  all  around  the  edges  of  the  floor 
for  a  few  nights,  but  the  smaller  young  were  eaten  legs  and  all,  and 
apparently  most  of  the  cockroaches  in  the  house  were  destroyed 
within  a  month.  At  the  end  of  this  time  there  were  not  enough  to 
supply  the  mouse  with  food,  and  he  had  to  depend  largely  on  his 
rolled  oats,  sunflower  seeds,  and  an  occasional  piece  of  chop  or  chicken 
bone.  When  a  large  cockroach  was  captured  on  the  pantry  shelf  and 
thrown  on  the  floor  in  the  kitchen  the  mouse  would  pounce  upon  and 
eagerly  devour  it. 

The  grasshopper  mice  are  thirsty  animals,  eagerly  drinking  water 
or  eating  green  food  and  juicy  plants  and  Iruit,  apparently  for  the 
moisture  they  contain,  and  showing  a  liking  for  fresh  apples,  lettuce, 
cactus  pulp,  green  clover,  or  even  green  grass  when  no  other  source 
of  water  is  available.  In  much  of  the  arid  region  where  they  are 
native,  there  must  be  long  periods  when  all  their  moisture  is  derived 
from  juicy  insects,  insect  eggs  and  pupae,  the  blood  of  animals,  or 
the  moisture  stored  in  plant  tissues. 

Summary  of  Foods  Eaten  by  Captive  Onychomys   (Showing  Degree  of  Ac- 
ceptability IN  Confinement) 

animal  matter  -^ 

Orthoptera    (grasshoppers,   etc.) 

Acrididae :  Grasshoppers  of  numerous  genera ;  extensively  eaten. 
Tettigoniidae  (formerly  Locustidae)  : 

Mormon  crickets  {Anahrus  simplex)  ;  eagerly  eaten. 

Sand  crickets  (Stenoi)elmatus)  ;  eagerly  eaten.  -'^'. 

Gryllidae:  Black  crickets  of  several  species;  eagerly  eaten.  /. 

Blattidae:  Cockroaches  (including  Blattella  germanica)  ;  eagerly  eaten. 
Mantidae:  Praying  mantes  (large  and  small)  ;  eagerly  eaten. 

Hemiptera  (true  bugs) 

Reduviidae:  Wheel  bug  (Aiilus  cristatus)  ;  reluctantly  eaten. 

Cicadidae:  Cicadas  of  several  species  (adult  and  immature)  ;  eagerly  eaten. 

Lepldoptera  (butterflies  and  moths) 

Moths: 

Adults  of  many  species,  including  large  sphinx  moths;  eaten.  ■     ! w 

Larvae  of  Datana  integerrima;  several  eaten. 

Chrysalids;  always  accepted  and  apparently  relished. 
Butterflies : 

Adults  of  many  species;  always  accepted.      .'<i^.:\kxio\m^  7;uqa  hni\   c-^    ^ 

Any  smooth  caterpillars;  eagerly  eaten. 
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Coleoptera  (beetles) 

Cicindelidae :  Tiger  beetles;  several  species  eaten. 

Hydrophilidae :  Water  scavenger  beetle  {Hydrophilus  triangularis)  ;  large  one 

eagerly  eaten. 
Coccinellidae :  Lady  beetles ;  many  species  eaten. 

Tenebrionidae :  Darkling  beetles  (Eleodes),  large  and  small;  many  eaten. 
Scarabaeidae : 

June  beetles  (Phyllophaga)  ;  many  eaten. 

Rose  bugs   (Macrodactylus  suhspinosus)  ;  a  few  eagerly  eaten. 
Cerambycidae :  Locust  borer  (Cyllene  roMniae)  ;  a  few  eaten. 
Chrj^somelidae : 

Potato  beetle  (Leptinotarsa  10-Un-eata)  ;  adults  and  young  eaten. 

Cucumber  beetle  {Diadrotica  12-punctata) ;  eagerly  eaten. 
Curculionidae :  Arizona   cotton-boll   weevil    {AntJwnomus   grandis   thurheriae} 
and  many  other  weevils  eaten. 

Diptera  (flies) 

Muscidae:  House  flies  (maggots  and  pupae)  ;  eagerly  eaten. 
Sarcophagidae :  Blow  flies,  maggots,  and  pupae ;  eagerly  eaten. 

Odonata  (dragon  flies,  etc.) 

Anisoptera:  Dragon  flies;  one  eaten.  , 

Hymen optera    (bees,  wasps,   ants,  etc.) 

Formicoidea:  Ants  (eggs  and  pupae  only). 
Sphecoidea :  Wasps ;  a  few  eaten,  not  much  relished. 
Vespoidea :  Hornets ;  a  few  eaten,  not  much  relished. 
Apoidea:  Carpenter  bee  (Xylocopa)  ;  a  few  eaten. 

Arachnida   (spiders,  scorpions,  etc.) 

Araneae:  Spiders  of  many  species  (large  and  small)  ;  a  few  eaten. 
Scorpionida:  Scorpions  of  many  species;  eagerly  eaten. 

Amphibia   (frogs,  salamanders,  etc.) 

Urodela:  Salamanders;  a  few  eaten,  not  eagerly. 

Reptilia   (snakes,  lizards,  etc.) 

Lizards;  a  few  eaten  (Uta  and  Sceloporus). 

Mammalia    (mammals) 

Mice  and  other  small  mammals ;  eagerly  eaten  and  many  killed. 
Meat,  raw  or  cooked ;  eagerly  eaten. 

VEGETABLE   MATTER 

Bread,  rolled  oats,  seeds,  and  grain ;  eaten  under  stress  of  hunger. 
Apples,  cactus,  lettuce,  spinach,   celery,   clover,   grass,   and   carrots;   eaten  in 
small  quantities,  apparently  for  the  moisture  obtained. 

Summary  of  Foods  Rejected  by  Capti\t:  Onychomys 

Myriapoda    (millipeds  and  centipedes) 

Millipeds  of  many  species ;  all  rejected  with  evident  antipathy. 

Lepidoptera  (butterflies  and  moths) 

Fuzzy  and  spiny  caterpillars;  avoided. 
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Coleoptera  (beetles) 

Meloidae:  Blister  beetles  {Epicauta  vittata  and  E.  pennsylvanica)  ;  not  touched 
when  left  overnight  in  the  cage. 

Hymenoptera  (bees,  ants,  etc.) 

Formicoidea :  Ants ;  adults,  generally  rejected  with  fear  or  aversion.* 
Bombidae:  Bumblebee;  one  killed  but  not  eaten. 

Mollusca   (mollusks) 

Slugs;  always  refused  with  repugnance. 

PART  2.— LABORATORY  STUDIES  OF  THE  FOOD  OF 
ONYCHOMYS^ 

ANALYSIS  OF  STOMACH  CONTENTS 

Analyses  have  been  made  of  the  stomach  contents  of  Onychomys 
collected  in  13  States  and  during  every  month  of  the  year.  Many  of 
these  examinations  were  made  in  the  field,  where  it  was  impracticable 
to  go  into  much  detail.  The  figures  here  given  for  percentages  of  food 
items,  therefore,  are  those  obtained  from  laboratory  examinations 
only.  Of  the  96  Onychomys  stomachs  examined  in  the  laboratory, 
90  were  taken  during  five  consecutive  months,  June  to  October,  and 
upon  these  are  based  the  percentages  quoted  herein  and  the  data  in 
the  tabulation  of  food  items  on  pages  17-19.  The  principal  foods  of 
Onychomys  as  revealed  by  stomach  analyses  are  here  discussed  in  the 
order  of  their  importance. 

ORTHOPTERA 

Orthopterans  were  eaten  by  78  of  the  90  Onychomys  collected 
between  June  and  October  and  composed  38.76  per  cent  of  their  food. 
Both  ground  and  field  crickets  were  commonly  eaten,  but  brown 
grasshoppers  (Acrididae)  and  green  grasshoppers  and  their  allies 
(Tettigoniidae)  formed  the  bulk  of  this  kind  of  food.  The 
tettigoniids  included  the  common  green  grasshoppers,  the  large 
awkward  sand  or  "  Jerusalem  "  crickets  of  the  West,  and  the  wingless 
camel  crickets,  the  last  form  being  eaten  abundantly  and  often  to  the 
exclusion  of  other  food.  While  only  one-third  of  the  stomachs  col- 
lected in  June  contained  Orthoptera,  every  Onychomys  taken  in 
September  and  October  and  51  of  the  55  collected  in  July  and  August 
had  eaten  grasshoppers  or  crickets  or  both.  Even  in  winter  the  grass- 
hopper mice  find  Orthoptera,  for  one  of  the  three  collected  in  January 
had  made  a  meal  on  crickets.  One  field  examination  by  D.  E.  Lantz 
credits  an  Onychomys  with  eating  a  walking  stick  (Phasmidae). 

COLEOPTERA 

Beetles,  constituting  on  an  average  20.73  per  cent,  are  second  in 
importance  in  the  food  of  Onychomys.  Ground  beetles  are  most 
numerous,  with  darkling  beetles  second,  and  lamellicorn  beetles  (June 

•Food  preferences  In  captivity  are  not  always  a  reliable  index  to  the  food  selected  in 
a  state  or  nature ;  note  (p.  16)  that  numerous  ants  had  been  eaten  by  Onychomys  cap- 
tured In  the  wild. 

*  By  Charles  C.  Sperry. 
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beetles,  dung  beetles,  etc.)  a  distant  third.  Most  of  the  coleopterans 
eaten  were  adults,  though  larvae  also  were  numerous. 

Other  beetles,  including  weevils  and  leaf  beetles  and  a  few  rove 
beetles,  were  occasionally  eaten.  One  Onychomys  even  captured  an 
adult  tiger  beetle.  The  single  stomach  collected  in  April  contained 
only  darkling  beetles. 

Individual  stomachs  sometimes  revealed  a  large  number  of  beetles. 
For  instance,  one  collected  in  June  contained  22  beetles,  while  one 
taken  in  July  held  27. 

LEPIDOPTERA 

Caterpillars,  lepidopterous  pupae,  and  the  remains  of  adult  moths 
make  up  17.04  per  cent  of  the  food  of  Onychomys.  This  item  is 
fairly  constant  throughout  the  five  months,  the  maximum  being  25 
per  cent  in  June  and  the  minimum  10  per  cent  in  September, 
Lepidopterans  in  30  stomachs  collected  in  July  composed  on  an 
average  17.03  per  cent  of  the  food. 

During  the  outbreak  of  the  range  caterpillar  (Hemileuca  oliviae) 
in  New  Mexico  in  1913  grasshopper  mice  were  found  to  be  active 
enemies  of  the  pest.  For  9  of  the  10  Onychomys  collected  near 
Koehler  Junction  and  examined  by  E.  E,.  Kalmbach  the  pupae  of 
this  insect  constituted  on  an  average  17  per  cent  of  the  food  eaten. 

MAMMALIA 

The  96  laboratory  examinations  give  records  of  1  meadow  mouse 
(Microtus),  2  deer  mice  (Peromyscus),  and  2  unidentified  mice, 
which  together  constituted  3.09  per  cent  of  the  food  eaten.  The 
average  mammal  content  of  the  8  stomachs  collected  in  October  was 
6.25  per  cent,  but  of  the  25  collected  in  August  none  contained  a 
trace  of  a  mammal,  and  the  average  for  30  taken  in  July  was  only 
2  per  cent.  Field  examinations  by  Bailey  credit  grasshopper  mice 
with  having  eaten  a  harvest  mouse  (Reithrodontomys),  pocket  mice 
(Perognathus),  and  kangaroo  rats  (Dipodomys). 

REPTILIA 

Xo  reptiles  were  found  in  the  laboratory  analyses  of  stomachs  of 
Onychomys,  but  field  examinations  by  Bailey  give  three  records- 
one  sand  lizard  (Uta)  and  two  fence  lizards  (Sceloporus). 

MISCELLANEOUS  ANIMAL  FOOD 

Ants,  flies,  spijders,  harvestmen,  bugs,  worms,  and  an  ant-lion  larva 
together  comprised  3.25  per  cent  of  the  animal  diet  of  the  Onychomys. 

Unidentified  matter  made  up  the  remaining  6  per  cent  of  animal 
food. 

HYMENOPTEEA 

Hymenoptera,  chiefly  ants,  constituted  2  per  cent  of  the  food  of 
Onychomys,  and  were  eaten  in  each  of  the  five  months  (June  to 
October),  but  in  quantity  in  only  one  instance.  Three  Onychomys 
collected  at  Casper,  Wyo.,  on  September  2,  1909,  made  55  per  cent 
of  their  last  meal  on  ants,  one  having  eaten  125  of  them.  Two 
stomachs  contained  hymenopterous  cocoons,  and  in  one  was  found 
a  parasitic  wasp. 
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DIPTEttA 


Flies  were  eaten  in  every  month  also,  but  in  such  small  quantities 
as  to  constitute  only  0.7  per  cent  of  the  food.  One  march  fly,  1  horse 
fly,  1  robber  fly,  and  2  long-legged  flies  were  identified.  Pupae  were 
most  common,  but  larvae  and  adults  also  were  represented.  One  of 
the  two  specimens  of  Onychomys  collected  at  Kanab,  Utah,  in  De- 
cember had  made  90  per  cent  of  its  last  meal  on  fly  larvae  and  pupae. 


ABACHNIDA 


Spiders  frequently  and  harvestmen  occasionally  were  eaten  by 
Onychomys,  even  though  they  made  up  only  0.5  per  cent  of  the  food. 
No  trace  of  a  pseudoscorpion  was  found,  and  only  1  solpugid,  al- 
though both  are  common  in  the  locality  in  New  Mexico  where  11  of 
the  grasshopper  mice  examined  were  collected. 


HEMIPTEEA 

Bugs  were  eaten  by  10  of  the  96  Onychomys  examined,  but  they 
•  constituted  only  0.05  per  cent  of  the  food.  Identifications  include 
stinkbugs,  leaf  hoppers,  flower  bugs,  and  lygaeids. 

VEGETABLE  FOOD 

About  one-ninth  (11.13  per  cent)  of  the  food  of  Onychomys  was 
vegetable,  composed  for  the  most  part  of  seeds  of  grasses  and  culti- 
vated grain.  The  identified  grasses  included  foxtail  and  feather- 
grass. 

Wheat  contributed  10  per  cent  of  the  diet  in  July,  and  wheat  and 
com  together  a  like  amount  in  June.  A  little  barley  (0.2  per  cent) 
was  eaten  in  August,  no  grain  at  all  in  September,  and  no  vegetable 
food  of  any  kind  in  October.  One  of  the  two  stomachs  collected  in 
December  and  two  of  the  three  taken  in  January  were  filled  with 
vegetable  food,  chiefly  wheat. 

With  the  exception  of  seeds  of  plants  of  the  sunflower  family, 
which  occasionally  formed  an  appreciable  part  of  the  food,  each  of 
the  other  plants  identified  was  found  but  once.  These  include  climb- 
ing buckwheat,  lamb's-quarters,  geranium,  and  spurge. 

UST  OF  ITEMS  OF  ANIMAL  ORIGIN  IDENTIFIED  IN  LABORATORY  EXAMINATION 
OF  THE  FOOD  OF  ONYCHOMYS,  WITH  THE  NUMBER  OF  STOMACHS  IN  WHICH 
EACH  WAS  FOUND 


Unideulified  animal  tis^^ue 6 

Annulata 
Unidentified  annelid 1 

Orthoptera    (grasshoppers,  etc.) 

Unidentified  Orthoptera  and  their 
epgs . 12 

Acrididae  (brown  grasshoppers)—     27 
Tettigoniidae      (green     grasshop- 
pers) : 

Unidentified    adults,    nymphs, 

and  eggs 16 

CeuthophUua  sp.  (camel  crick- 
ets)   -_— 17 


Tettigoniidae     (green      grasshop- 
pers)— Continued. 
Stenopelmatus  sp.  (sand  crick- 
ets)        1 

Gryllidae  (crickets)  : 

Unidentified 23 

Qryllus  sp _ 2 

Nemobius  sp 1 2 

Hemiptera  (true  bugs) 

Unidentified 2 

Pentatomidae  (stinkbugs) 2 

Lygaeidae 2 

Miridae  (plant  bugs) 1 

Clcadellidae  (leaf  hoppers) 4 
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Neuroptera 

Bfyrmeleonddae  (ant-lion  larva) __^      1 

Lepidoptera  (butterflies  and  moths) 

Unidentified  moths 7 

Unidentified  pupae 5 

Unidentified   caterpillars 29 

Saturniidae :     Hemilcuca    olimae, 

pupae  (range  caterpillars) 10 


Coleoptera  (beetles) 


Unidentified- 8 

Cicindelidae    (tiger    beetles)  :  O- 

clndela  sp 1 

Carabidae  (ground  beetles)  : 

Unidentified  adults . 30 

Unidentified  larvae— 6 

Anisodactylus  sp 2 

BemMdion  quadrimaculatum-  1 

Bemhidion  sp 2 

Calosoma  sp 3 

Cymindls  sp ^ 2 

Geopinus  incrassatus—- 5 

Harpalus  sp : 12 

Pasimachus   sp 2 

Rhadine  sp 2 

Hydrophilidae     (water    scavenger 

beetles)  :  HydropMlus    sp 1 

Staphylinidae  (rove  beetles) 2 

-Anthicidae  (antlike  flower  beetles)  : 

Mecynotarsua  sp 1 

Notoxus    sp 1 

Phalacridae      (shining     flower 

beetles) 1 

Tenebrionidae  (darkling  beetles)  : 

Unidentified  adults 25 

Unidentified  larvae  and  pupae_  7 

Eusattus  sculptus 2 

Scarabaeidae       (lamellicorn 
beetles)  : 

Unidentified  adults 8 

Unidentified  larvae 5 

Eucanthus  lazarus —  1 

Ontlwphagus  sp 1 

Phyllophaga  rugosa 1 

Chrysomelidae  (leaf  beetles)  : 

Unidentified 1 

Haltica  sp 2 

Haltica  Mmargimata 1 

Monoxid  sp 1 


Curculionidae  (weevils)  : 

Unidentified 1 

Acniaegenius  hylobinus 1 

Cleonus   sp 1 

Diamimus  subsericeus 1 

Eupagoderes  sp 3 

Ophryastes  sp 2 

Smicronyx  vestitus 1 


Diptera    (flies) 


Unidentified  adults  and  pupae 6 

Bibionidae     (march    files)  :  Bibio 

sp.   larva 1 

Tabanidae  (horse  fly,  pupa) 1 

Asilidae  (robber  flies) 1 

Dolichopodidae    (long-legged 

flies)  :  Dolichopus  sp 2 

Borboridae:  Leptocera  sp 1 

Anthomyiidae 1 

Ortalidae l 

Hymenoptera  (ants,  bees,  and 

wasps)  • 

Unidentified  hymenopterous 

cocoons 2 

Ichneumonoidea     (parasitic 

wasps)  :    Chelonella  sp 1 

Formicoidea  (ants)  : 

Unidentified 8 

Aphaenogaster  sp 1 

Camponotus  sp 1 

Formica  sp 1 

Lasius  sp 2 

Lasius  niger  americanus 6 

Monomorium  minimiom 1 

Mymvica  sp 1 

Myrmica  rubra  scabrinodis 1 

Solenopsis  niolesta 1 

Arachnida   (spiders,  harvestmen,  etc.) 

Unidentified   spiders 17 

Solpugidae:    Eremobates  sp 1 

Phalangidae     (harvestmen) 6 

Mammalia   (mammals) 

Unidentified  mice 2 

Muridae : 

Miorotus  sp.  (meadow  mice).  1 

Peromyscus  S]^.  (deer  mice) 2 


LIST  OF  ITEMS  OF  VEGETABLE  FOOD  IDENTIFIED  IN  LABORATORY  EXAMINATION 
OF  THE  FOOD  OF  ONYCHOMYS,  WITH  THE  NUMBER  OF  STOMACHS  IN  WHICH 
EACH  WAS  FOUND 


Unidentified  vegetable  tissue 6 

Gramineae : 

Unidentified  grasses 22 

Chaetochloa     viridis      (green 

foxtail) 6 

Hwdeum  vulgare   (cultivated 

barley) 1 

/Sf^ipa  *p.  (feathergrass) 1 

Triticum  vulgare    (cultivated 

wheat) 21 

Zea  mays  (cultivated  corn)__      2 


Polygonaceae :  Polygonum  convol- 
vulus (climbing  buckwheat) 1 

Chenopodiaeeae :  Ghenopodmrn  sp. 

(larabsquarters) 1 

Geraniaceae:  Geranium  sp 1 

Euphorbiaceae :      Euphorbia     sp. 

(spurge)  1 

Boraginaceae :   Lithospermum  sp_  1 

Compositae 3 
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CONCLUSION  FROM  LABORATORY  EXAMINATIONS 

The  animal  kingdom  contributed  eight-ninths  ^88.87  per  cent) 
of  the  food  of  Onychomys.  About  two-thirds  of  this,  or  actually 
55.8  per  cent  of  the  total,  was  composed  of  grasshoppers,  crickets, 
caterpillars,  and  moths,  and  20.73  per  cent  of  beetles.  Insect  food 
was  about  four-fifths  of  the  total  food  (79.28  per  cent). 

Cultivated  grains  comprised  less  than  5  per  cent  of  the  food  and, 
as  it  consists  mostly  of  wheat  eaten  in  July,  it  was  probably  waste. 

According  to  this  evidence  the  grasshopper  mice  should  certainly 
be  regarded  as  economically  beneficial. 
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INTRODUCTION 

In  1912  a  series  of  rotation  experiments  was  begun  at  the  Huntley 
Field  Station,'^  located  on  the  Huntley  reclamation  project,  in  the 
Yellowstone  Valley  of  southern  Montana.  The  station  lies  about 
4  miles  east  of  Huntley,  at  an  altitude  of  3,000  feet.  The  general 
agricultural  conditions  may  be  considered  as  fairly  representative  of 
those  in  a  considerable  area  within  the  State  as  well  as  of  those  in 
areas  in  adjoining  States  having  somewhat  comparable  conditions. 
The  irrigated  area  in  the  Yellowstone  Valley  and  m  valleys  tributary 
to  the  Yellowstone  in  southeastern  Montana  totals  slightly  more  than 
300,000  acres.  In  addition  to  the  land  in  Montana  watered  by  the 
Yellowstone  River  and  its  tributaries,  there  are  probably  more  than 
100,000  acres  of  irrigated  land  in  northern  Wyoming  having  somewhat 
similar  soil  and  climatic  conditions. 

The  Huntley  reclamation  project  occupies  about  32,000  acres  of 
land  in  the  Yellowstone  Valley  of  Montana,  somewhat  east  of  the 
south-central  part  of  the  State.  The  project  extends  from  Huntley 
east  to  Bull  Mountain,  a  distance  of  about  25  miles.  It  varies  in 
width  from  about  one-half  mile  at  Huntley  to  a  maximum  of  about 
4  miles  near  the  central  part,  again  narrowing  gradually  to  a  width 
of  one-half  mile  at  the  lower  end.  Most  of  the  project  occupies  a 
gentle  slope,  bounded  on  the  south  by  low  hills  and  sandstone  bluffs 
and  on  the  north  b^  the  Yellowstone  River.  Water  for  irrigation  is 
diverted  from  the  river  at  a  point  about  4  miles  above  Huntley. 

>  The  OfDce  of  Western  Irrigation  Agriculture  was  established  in  1904,  with  C.  S.  Scofleld  as  Agriculturist 
n  Charge,  for  the  purpose  of  investigating  and  improving  agricultural  conditions  on  irrigated  lands.  This 
work  at  the  various  field  stations  was  planned  and  inaugurated  by  Mr.  Scofleld  wiih  the  tissistance  ('f 
F.  D.  Farrell.  The  supervision  of  the  field  work  and  the  preparation  of  the  detailed  reports  on  which 
this  bulletin  is  based  were  under  the  direction  of  the  junior  writer.  Ue  was  assisted  at  various  times  by 
other  members  or  former  members  of  the  scientific  stall,  who  contributed  toward  procuring  the  data,  as 
follows:  E.  O.  Noble,  J.  W.  Knorr,  J.  W.  Boen,  D.  A.  Savage,  and  I^eRoy  Powers. 

*  The  station  is  maintained  cooperatively  by  the  Montana  Agricultural  Experiment  Station,  the  Bureau 
of  Reclamation  of  the  Department  of  the  Interior,  and  the  Bureau  of  I^lant  Industry.  Other  cooperating 
branches  of  the  United  States  Department  of  Agriculture  are  the  the  Bureaus  of  Animal  Industry  and  Dairy 
Industry,  as  well  as  various  offices  of  Plant  Industry. 
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The  average  elevation  of  the  project  is  about  2,900  feet  above  sea 
level.  The  average  annual  precipitation  as  recorded  at  the  Huntley 
station  since  1910  is  14.58  inches,  and  the  average  frost-free  period 
is  129  days.  Slightly  more  than  half  of  the  rainfall  occurs  between 
April  1  and  August  31,  which  is  of  material  aid  in  supplementing 
irrigation  water. 

The  soils  of  the  Huntley  project  vary  from  sandy  loam  to  heavy 
clay.  The  sandy  soils  occur  over  a  comparatively  small  area  and  are 
found  usually  along  the  river.  The  larger  part  of  the  more  productive 
soils  are  of  a  heavy  clay-loam  type  and  are  included  in  the  area  in  the 
upper  end  of  the  project  and  along  the  south  side  of  the  valley.  On 
a  bench  which  occupies  less  than  3,000  acres  and  which  is  about  50 
feet  above  the  floor  of  the  valley  east  from  the  town  of  Ballantine, 
most  of  the  soil  is  of  a  sandy-loam  nature.  In  some  places  on  this 
bench  the  surface  soil  contains  gravel,  and  gravel  underlies  this  entire 
area  at  comparatively  shallow  depths.  The  soils  on  most  parts  of 
this  bench  area  are  very  productive  and  are  worked  more  easily  than 
the  soils  in  the  main  part  of  the  valley.  On  the  lower  end  of  the  project 
is  an  area  of  ^,000  to  7,000  acres  on  which  the  soil  is  a  heavy  impervi- 
ous clay  containing  an  excessive  amount  of  alkali  salts,  chiefly  sodium 
sulphate.  This  land  is  difficult  to  reclaim,  and  much  of  it  has  not 
yet  been  brought  into  profitable  production. 

The  surface  soil  of  the  valley  is  underlain  by  a  stratum  of  sand  and 
gravel  at  depths  varying  from  5  to  15  feet.  This  underlying  gravel 
IS  broken  by  clay  barriers,  so  that  there  is  not  a  free  movement  of 
water  through  the  subsoil.  On  most  of  the  project  it  has  been  neces- 
sary to  provide  a  rather  complete  underground  drainage  system.  The 
native  vegetation  consists  mainly  of  low-growing  sage,  greasewood, 
and  grass. 

The  principal  crops  that  have  been  grown  on  the  project  are 
alfalfa,  sugar  beets,  oats,  wheat,  corn,  and  potatoes.  An  average  of 
about  2,000  acres  is  devoted  to  summer  pasture.  The  crops  grown 
chiefly  for  sale  are  sugar  beets,  wheat,  and  oats,  sugar  beets  being  by 
far  the  most  extensively  grown.  The  forage  produced  is  largely 
consumed  by  livestock  permanently  on  the  project  or  brought  in 
from  adjacent  ranges  to  consume  temporary  surpluses  for  which  there 
is  no  profitable  cash  market. 

The  soil  of  the  Huntley  Field  Station,  which  is  located  on  the  south 
side  of  the  valley,  is  of  the  heavy  clay-loam  type,  typical  of  the  better 
soils  on  the  larger  part  of  the  project.  Slight  variations  in  the  soil 
occur  over  most  areas,  and  this  is  true  to  some  extent  in  field  K,  in 
which  most  of  the  rotation  experiments  are  conducted.  The  soil 
there  is  particularly  heavy  in  the  lower  part  of  the  field  in  Series  V. 
This  variation  in  the  soil  resulted  in  the  early  years  of  the  experiment 
in  differences  in  plant  growth  within  plots  and  series.  These  dif- 
ferences have  become  less  apparent  in  recent  years. 

In  field  Lr-IV  the  soil  is  also  heavy,  but  it  is  rather  more  uniform 
than  that  in  field  K. 

The  general  plan  and  objectives  in  the  rotations  reported  herein 
are  similar  to  those  described  in  a  former  pubHcation  relating  to  the 
rotation  investigations  conducted  on  the  Scotts  Bluff  (Nebr.)  Field 
Station  ^  and  also  incorporated  as  a  part  of  the  investigational  work 
being  conducted  at  the  Belle  Fourche  (S.  Dak.)  Field  Station. 

>  ScoFiELD,  C.  S.,  and  Holden,  J.  A.    irrigated  crop  rotations  in  western  Nebraska.    U.  S.  Dept. 
Age.  Tech.  Bui.  2,  26  p.,  Ulus.    1927. 


IRRIGATED   CROP  ROTATIONS   IN  MONTA.NA  d 

OBJECTIVES  OF  THE  ROTATIONS 

It  was  desired  in  these  experiments  to  ascertain  what  rotations  an(^ 
cropping  methods  were  best  suited  to  the  irrigated  area  representative 
of  south-central  Montana  and  other  similar  areas  of  the  Great  Plains, 
This  information  was  sought  through  (1)  comparing  the  yields  from 
continuously  cropped  plots,  using  the  seven  most  important  crops 
with  those  in  a  rotation  of  two  or  more  years;  (2)  noting  the  effect  of 
alfalfa  in  a  rotation  as  compared  with  a  rotation  where  no  leguminous 
crop  is  grown;  and  (3)  observing  the  effect  of  barnyard  manure  in 
comparison  with  a  similar  rotation  receiving  none. 

In  addition  to  the  above,  which  were  the  chief  aims  of  the  rotations, 
information  was  obtained  as  to  (1)  the  value  of  rye  as  a  green-manur^ 
crop  when  used  in  a  rotation  with  oats  and  potatoes;  (2)  the  effect  or> 
subsequent  crop  yields  where  alfalfa  and  corn  are  pastured,  as  com-j 
pared  with  a  rotation  where  these  crops  are  harvested  by  the  ordinary 
method  and. removed;  and  (3)  the  efiect  on  yields  on  a  plot  continu- 
ously cropped  to  wheat  where  the  straw  is  returned  to  the  land,,  lis 
compared  with  a  plot  where  the  straw  is  removed. 

The  original  series  of  29  rotations  located  in  field  K  werie'  started 
in  1912.  In  1916,  10  additional  rotations  were  added  in  field  Lr-IV 
for  the  purpose  of  furnishing  additional  information  not  given  by  the 
original  series.  Field  K  was  broken  up  from  native  sod  in  1909: 
In  1910  approximately  the  west  three-fourths  of  the  field  w^as  cropped 
to  sugar  beets  and  the  remainder  of  the  field  to  com.  In  1911  the 
entire  field  was  cropped  to  oats.  Field  L-IV  was  broken  up  from 
native  sod  in  the  fall  of  1914  and  was  cropped  uniformly  to  oats  in 
1915.  The  field  before  being  broken  up  was  covered  with  a  light 
growth  of  buffalo  grass  and  blue  joint  grass. 

In  the  first  series  of  rotations  started  in  1912  the  following  crops 
and  crop  sequences  were  included :  Crops  grown  continuously  on  the 
same  land  each  year:  (1)  Oats,  (2)  sugar  beets,  (3)  wheat,  (4)  pota- 
toes, (5)  wheat,  (6)  corn,  (8)  alfalfa,  and  (9)  flax. 

The  following  are  the  2-year  rotations,  which  include  those  that 
receive  no  special  treatment  as  well  as  those  having  a  treatment  of 
barnyard  manure  at  the  rate  of  12  tons  to  the  acre  as  indicated: 
(16)  Oats,  corn;  (18)  wheat,  sugar  beets;  (20)  potatoes,  beets;  (21) 
potatoes  (manured)  followed  by  beets;  (22)  oats,  sugar  beets;  (23) 
oats  followed  by  sugar  beets  (manured);  (24)  oats,  potatoes;  (25)  oats 
followed  by  potatoes  (manured);  (26)  potatoes,  com;  and  (28)  wheat/ 
oats. 

The  following  are  the  3-year  rotations,  which  include  one  rotation 
(31)  receiving  an  application  of  12  tons  of  barnyard  manure  following 
oats  during  the  period:  (30)  Potatoes,  oats,  beets;  (31)  potatoes,  oats„ 
followed  by  beets  (manured);  and  (32)  com,  oats,  beets. 

Three  4-year  rotations  were  included,  in  which  two  years  of  alfalfa 
appear,  as  follows:  (40)  Potatoes,  sugar  beets,  alfalfa,  alfalfa;  (42) 
oats,  sugar  beets,  alfalfa,  alfalfa;  and  (44)  potatoes,  oats,  alfalfa, 
alfalfa. 

The  following  6-year  rotations  were  included,  in  which  alfalfa 
appears  three  successive  years  in  each,  and  manure  as  indicated  was 
used  in  rotation  61:  (60)  Potatoes,  oats,  sugar  beets,  alfalfa,  alfalfa, 
alfalfa;  and  (61)  potatoes,  oats  followed  by  sugar  beets  (manured), 
alfalfa,  alfalfa,  alfalfa. 
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In  connection  with  the  foregoing  crop  sequences,  information  was 
sought  along  the  lines  of  determining  the  merits  of  wheat  continuously 
(3  and  5)  as  compared  with  wheat  continuously  cropped  where  the 
straw  was  returned  to  the  land  each  year  (7) .  The  2-year  rotation  with 
oats  and  potatoes  with  no  special  treatment  (24)  was  compared  with 
oats  followed  by  winter  rye  and  potatoes.  In  the  two  6-year  rotations 
(60  and  61)  potatoes,  oats,  sugar  beets,  and  three  years  of  alfalfa 
appear  and  are  harvested  in  the  customary  manner.  A  6-year  rota- 
tion, No.  67,  includes  three  years  of  alfalfa,  followed  by  corn,  flax,  and 
beets.  In  this  rotation  the  third-year  alfalfa  and  the  corn  are  pastured 
by  hogs. 

In  1916, 10  rotations  were  added  to  the  above  list  for  the  purpose  of 
obtaining  further  information  on  crop  sequences.  It  will  be  observed 
that  several  continuously  cropped  plots,  identical  with  those  adopted 
in  1912,  are  included  in  this  new  list.  This  seemed  desirable  because 
there  were  soil  differences  between  field  K,  originally  selected,  and 
field  Lf-IV,  where  these  new  rotations  were  established.  The  10 
rotations  added  in  1916  were  as  follows: 

Continuously  cropped:  (1-a)  Oats,  (2-a)  sugar  beets,  (4-a)  potatoes,  (6-a) 
corn,  (8-a)  alfalfa. 

Two  3-year  rotations  were  added,  as  follows:  (34)  Potatoes,  sugar  beets,  oats; 
(36)  potatoes  (manured),  sugar  beets,  oats.  Rotation  34  is  to  be  compared  with 
35,  with  which  it  is  identical  except  that  35  has  an  application  of  12  tons  of  stable 
manure  every  three  years  preceding  the  potato  crop.  Rotations  30  and  31  may 
also  be  compared  with  34  and-  35,  with  which  they  are  identical  as  far  as  crops 
are  concerned,  but  are  different  in  that  the  crop  sequences  are  not  the  same. 
Potatoes,  oats,  and  sugar  beets  is  the  order  in  which  the  crops  appear  in  rotations 
30  and  31,  whereas  in  the  case  of  34  and  35  the  sequence  is  potatoes,  beets,  and 
oats. 

One  4-year  rotation  was  added  as  follows:  (46)  Sugar  beets,  oats,  alfalfa  (two 
years) . 

Two  6-year  rotations  were  also  added,  as  follows:  (64)  Alfalfa,  alfalfa,  alfalfa, 
potatoes,  beets,  oats;  (69)  alfalfa  seeded  in  oat  stubble  in  fall,  alfalfa,  alfalfa 
pastured  ^ith  hogs,  corn  harvested  by  hogs,  corn  harvested  by  hogs,  oats.  Rota- 
tion 64  may  be  compared  with  No.  60,  from  which  it  varies  only  in  the  sequence 
of  the  crops.  Rotation  69  is  supplementary  and  is  included  for  the  purpose  of 
determining  the  value  of  a  rotation  where  livestock  is  available  and  the  oppor- 
tunity is  taken  of  harvesting  the  third-year  alfalfa  and  the  two  crops  of  corn. 

These  rotations  were  so  arranged  that  each  crop  involved  in  each 
rotation  is  grown  every  year.  To  carry  out  this  plan  it  was  necessary 
to  have  as  many  plots  devoted  to  the  rotation  as  there  are  years  in 
the  cycle  of  rotation.  By  following  this  method  it  is  possible  each 
year  to  compare  the  yields  from  the  same  crops  grown  in  the  different 
rotations. 

LIST  OF  THE  ROTATIONS 

The  following  is  a  list  of  the  rotations,  arranged  in  numerical  order 
for  convenience  of  reference. 

CROPS    GROWN    CONTINUOUSLY    ON   THB    SAME    PLOTS 


1.  Oats. 
1-a.  Oats. 

2.  Sugar  beets. 
2-a.  Sugar  beets. 

3.  Wheat. 

4.  Potatoes. 
4-a.  Potatoes. 


5.  Wheat. 

6.  Corn. 
6-a.  Corn. 

7.  Wheat  (straw  returned). 

8.  Alfalfa. 
8-a.  Alfalfa. 

9.  Flax. 
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TWO-YEAR   ROTATIONS 


16.  Oats,  corn. 

18.  Wheat,  sugar  beets. 

20.  Potatoes,  sugar  beets. 

21.  Potatoes    (manured),    sugar 

beets. 

22.  Oats,  sugar  beets. 

23.  Oats,     sugar     beets     (ma- 

nured) . 


24.  Oats,  potatoes. 

25.  Oats,  potatoes  (manured). 

26.  Potatoes,  corn. 

27.  Oats  (followed  by  rye  plowed 

under),  potatoes. 

28.  Wheat,  oats. 


THRkiE-YEAR    ROTATIONS 


30.  Potatoes,  oats,  sugar  beets. 

31.  Potatoes,  oats,  sugar  beets 

(manured) . 

32.  Corn,  oats,  sugar  beets. 


34.  Potatoes,  sugar  beets,  oats. 

35.  Potatoes    (manured),   sugar 

beets,  oats. 


POUR-YEAR    ROTATIONS 


40.  Potatoes,  sugar  beets,  alfalfa 

(two  years). 
42.  Oats,    sugar    beets,    alfalfa 

(two  years). 


44.  Potatoes,  oats,  alfalfa  (two 

years) . 
46.  Sugar    beets,    oats,    alfalfa 

(two  years). 


SIX-YEAR    ROTATIONS 


60.  Potatoes,  oats,  beets,  alfalfa 

(three  years). 

61.  Potatoes,  oats,  sugar    beets 

(manured),  alfalfa  (three 
years) . 
64.  Potatoes,  sugar  beets,  oats, 
alfalfa  (three  years). 


67.  Corn  (harvested  with  hogs), 
flax,  sugar  beets,  alfalfa 
(three  years,  pastured 
with  hogs  the  third  year). 

69.  Corn  (harvested  with  hogs, 
two  years),  oats,  alfalfa 
(three  years,  pastured  with 
hogs  the  third  year). 


The  location  of  these  various  rotations  with  reference  to  one 
another  is  shown  in  Figures  1  and  2. 

CULTURAL  PRACTICES  AND  CROP  VARIETIES 

The  cultural  operations  used  in  conducting  these  investigations 
were  considered  to  be  in  keeping  with  the  more  modern  practices  in 
vogue  and  the  most  desirable  to  bring  about  the  best  results.  In 
order  that  the  yields  of  the  same  crop  appearing  in  the  different 
rotations  might  be  as  nearly  comparable  as  possible,  the  same  cul- 
tural practices,  planting  date,  and  harvesting  methods  were  followed 
as  closely  as  was  permissible  under  the  existing  conditions  at  the 
time  the  various  operations  were  scheduled  to  be  performed.  The 
same  varieties  of  crops  were  always  planted  each  season,  although 
as  more  improved  strains  or  varieties  were  introduced  in  certain 
instances  they  were  substituted  for  those  formerly  grown. 

Plots  to  be  planted  to  cultivated  crops  are  plowed  to  a  depth  of 
about  8  inches  the  previous  fall  and  left  in  the  rough  during  the 
winter;  the  only  exception  to  this  is  in  rotation  27,  where  rye  is  seeded 
in  oat  stubble  in  the  fall  and  plowed  under  the  following  spring. 
Where  oats,  wheat,  flax,  or  alfalfa  follow  a  cultivated  crop  the  land 
is  not  plowed  but  is  double  disked  in  the  spring  before  planting. 
Where  grain  follows  an  uncultivated  crop  the  land  is  fall  plowed. 

In  the  event  that  alfalfa  is  to  be  followed  by  another  crop,  the 
alfalfa  is  crowned  to  a  depth  of  about  4  inches,  and  about  a  week  or 
10  days  later  it  is  harrowed  with  a  spike-tooth  harrow  and  latet 
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plowed  to  a  depth  of  about  8  inches,  in  order  to  kill  as  many  of  the 
roots  as  possible.  All  plots  planted  to  grain  are  double  disked  in  the 
fall  immediately  after  the  crop  is  removed,  even  if  later  they  are  to 
be  plowed.  This  practice  is  followed  to  put  the  land  into  better 
condition  for  plowing  and  also  to  destroy  weeds  and  germinate 
shattered  grain  which  otherwise  would  be  a  source  of  annoyance  the 
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Figure  1.— Location  of  the  irrigated  rotations  in  field  K,  Huntley  Field  Station,  started  in  1912 

following  season.  All  alfalfa  plots  where  the  crop  has  been  seeded 
for  two  or  more  years  are  renovated  by  harrowing  with  a  spike-tooth 
harrow  about  the  time  the  green  shoots  appear  in  the  spring.  In  the 
fall  well-rotted  barnyard  manure  is  applied  at  the  rate  of  12  tons  per 
acre  to  all  plots  to  be  so  treated,  and  the  manure  is  plowed  under 
immediately  following  the  application.  As  soon  as  the  oat  crop  is 
harvested,  winter  rye,  used  as  a  green-manure  crop  in  rotation  27,  is 
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seeded  in  the  oat  stubble  in  the  fall  and  plowed  under  the  following 
spring  immediately  preceding  the  planting  of  the  potatoes.     After 
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FiQURE  2.— Location  of  the  irrigated  rotations  in  field  L,  Huntley  Field  Station,  started  in  1916 

plowing,  the  seed  bed  is  thoroughly  prepared  by  disking,  harrowing, 
and  leveling.  As  early  in  the  spring  as  the  land  can  be  prepared, 
wheat  is  seeded  at  the  rate  of  5  pecl^  to  the  acre.     Sugar  beets  and 
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spring-seeded  alfalfa  are  planted  the  last  of  April  or  early  in  May; 
corn,  potatoes,  oats,  and  flax  as  soon  as  danger  of  frost  is  over,  usually 
about  the  middle  of  May.  Rape,  used  as  a  supplementary  pasture 
crop  for  hogs  in  rotation  69,  is  seeded  in  the  corn  plots  the  latter 
part  of  July. 

Irrigation  practices  adopted  and  followed  were  those  consistent 
with  methods  in  vogue  locally  and  adjusted  to  meet  the  varying  cli- 
matic conditions  occurring  throughout  the  period.  Row  crops  were 
furrow  irrigated,  whereas  the  grain  crops — alfalfa  and  flax — were 
irrigated  by  flooding. 

The  difficulties  met  from  time  to  time  in  connection  with  maintain- 
ing uniformity  throughout  the  planting  and  cultural  operations  during 
the  period  covered  in  data  herein  reported  have  had  at  times  a  tend- 
ency to  affect  the  comparative  results.  Owing  to  weather  conditions 
it  has  not  been  possible  always  to  perform  the  cultural  operations  at 
the  time  and  in  the  manner  outlined.  Insects,  disease,  and  storm 
damage  have  been  factors;  and  the  injury  has  not  always  been  uni- 
form on  all  the  rotations  during  any  one  season.  There  have  also 
been  certain  accidental  injuries  which  have  not  been  uniformly  dis- 
tributed throughout  all  the  rotations.  In  most  instances  these  could 
not  be  allowed  for  because  the  effect  on  the  yield  could  not  be  definitely 
measured.  When  recognition  could  be  taken  of  these  factors,  and  it 
is  believed  they  have  had  a  material  tendency  to  distort  the  yearly 
comparative  results,  they  are  described  in  the  text. 

BASIC- YIELD  DATA 

In  presenting  the  results  of  these  rotation  experiments  it  appears 
to  be  desirable  to  follow  the  same  general  plan  of  presentation  as  that 
adopted  in  connection  with  the  Scotts  Bluff  rotations  reported  in  a 
former  publication  *  by  giving  in  detail  the  basic  facts  as  to  the  crop 
yields  obtained.  These  facts  may  be  summarized  and  compar,'d  in  a 
number  of  different  ways.  Some  of  these  comparisons  and  summaries 
accompany  and  follow  the  tables  of  yields. 

The  details  as  to  crop  yields  are  given  in  a  series  of  tables,  one  table 
for  each  crop.  The  yields  per  acre  are  given  for  each  year  and  for  each 
rotation.  Mean  yields  are  given  both  for  all  plots  of  the  same  crop 
for  each  year  and  for  each  rotation  for  the  period  of  15  years  covered 
by  the  experiments.  In  addition,  the  mean  yields  for  the  last  6 
years  of  the  experiments  are  reported  for  the  purpose  of  ascertaining 
the  trend  of  the  yields  for  that  period  as  compared  with  the  total 
period. 

The  acre  yields  of  oats  in  bushels  in  13  rotations  for  the  entire  period 
are  given  in  Table  1.  Rotations  1-a,  34,  35,  46,  64,  and  69  are 
rotations  started  in  1916  and  consequently  are  for  the  11-year  period 
from  1916  to  1926,  inclusive.  Yields  from  rotations  1  and  28  in  1916 
are  not  given,  as  both  these  plots  in  that  season  were  so  badly  infested 
with  wild  oats  that  the  crop  was  cut  and  burned,  and  the  same  condi- 
tion obtained  in  rotation  28  in  1919,  which  explains  why  yields  do  not 
appear  for  the  years  given  in  these  rotations. 

*  ScoFiELD,  C.  S.,  and  Holden,  J.  A.    Op.  cit. 


IRRIGATED   CROP  ROTATIONS    IN  MONTANA 


9 


Table  1. — Acre  yields  of  oats  (bushels)  from  the  irrigated  rotations,  Huntley  Field 

Station,  1912-1926 


RotaUon 
No. 

1012 

1013 

1014 

1015 

1918 

1917 

1018 

1919 

1920 

1021 

1022 

1928 

ie24 

1925 

1926 

SI 

i1 

1 

87.2 

87.8 

46.7 

43.1 

40.8 

46.6 

21.9 

31.6 

27.1 

66.2 

41.9 

47.6 

36.3 

19.2 

37.9 

38,0 

1-ft. 



60.3 

76.8 

82.0 

67.6 

69.6 

40.7 

78.7 

43.2 

61.2 

42.6!  34.0 

56.5 

48.4 

18 

49.8 

85.3 

78.6;  76.6 

67.8 

66.8 

81.4 

60.0 

43. 2|  66.4 

73.7  79.0 

72.5 

66.01  43.8 

65.2 

65.1 

22 

63.4:  96. 7  109. 6i  79. 2|  94.6 

81.6 

98.8 

63.7 

70.0   91.1 

88.7  90.5 

80.0 

70.0   51.9 

82.  C 

78.7 

28 

45.5!  84.3  93.7]  96.2  82.3 

70.6 

79.6  48.1 

58.8   66.4105.0   87.9 

97.6 

81. 3i  64.8 

77.6 

83.8 

24 

66.9109.0102.7  81.5 

72.1 

68.6 

93.4  41.9 

54.2  74.1   78.7   84.9 

96.0 

66.  Oj  44.0 

75.6 

73.6 

25 

67.  5  126.  8  116.  Ol  78.8 

87.3 

84.8 

92.6'  64.4 

53.0  76.  Ij  97.5101.6 

117.5 

90.0  60.4 

86.2 

90.6 

27 

39.6!  70.6 

82. 6i  83.7 

45.6 

46.1 

76.  ll  23. 1 

36.0  59.11  80.0 

70.2 

78.7 

68. 8i  31.6;  68.8 

63.1 

28 

33.6 

42.5 

62.5   50.8 

34.6 

49.51 

46.6  48.4   72.5 

69.5 

63.7 

46.3   17.9,  47.4 

49.7 

80 

41.6 

86.9 

87.0103.7 

46.9 

46.9 

80.11  28.9 

40.8   58.8  81.8 

75.3 

87.6 

74.1   36.6'  64.8 

68.8 

81 

43.8 

77.6 

94. 5  102. 9 

77.3 

50.0 

86.6  30.6 

43. 6   60.  5   92.  6 

75.4113.7 

83.8   32.1!  71.  C 

76.3 

82 

49.2 

69.1 

76.2 

86.6 

61.5 

50.6 

63.8   26.9 

42.8   48.6   75.0 

59.2!  65.0 

52.5   31.3   66.4 

55.3 

84 

66.3 

116.9'll3.0i  68.7 

96.0   75.8   92.5 

89.0;  72.5'  72.6   62.6   83.2 

77.6 

85 

50.6 

102. 3  110.81  83.1 

99.5   73.1 

92.5 

89.0 

86.2   76.3 

62.6  84.1    79.9 

42.. 

60.8103.1 

83.7 
106.2 

73.3'  91.4 

80.4  103  21  .^7  5 

97.8   73.0 
58.6   75.0 

105.0 

94.5 

96.2102.5 
113.7   96.3 

75.6'  87.1;  91.1 

44 

44.6 

81.0 

78.7   83.51  61.61  93. 0|  54.4 

100.  Ol  101. 3 

66.3   80.9;  92.1 

48 

50.  9,106. 8|l03.0 

60.0 

86.3,  85.9 

101.2 

94.6 

101.2101.3 

103.4;  90.4!  97.9 

80 

47.2 

86.6 

108.4 

81.8,101.6 

86.8  127.0 

71.2 

73.8  80.1 

96.2 

94.2 

120.0126.3 

80.8!  92.11  99.6 

61 

60. 9  116. 2 

102.9 

75.  8  104. 8 
58.1 

110.6  118.9 

64  4 

70.11  80.8 
79.8;  79.4 

98.7 
93.7 

96.5 
96.6 

113.7117.5 
95.0105.0 

95.8 
96.9 

94. 5  100. 5 

84 

95.6 

106.3   76.2 

89.3  94.4 

09 

67.8 

99.6 

100.2   73.7 

96.6 

85.6 

98.7 

86.0 

105.0|101.3 

96.3 

90. 8|  96. 1 

Annual 

1 

mean 

48.7  84.2 

89.8 

79.3   71.1 

76.0 

90.7   52.7 

63.7 

67.9 

88.5 

81.4 

88.71  78.8 

57.4   74.5 

77.1 

66. 9  126. 8 
33.4   89.0 

116.0 
69.3 

103. 7  104. 8 
60.6   59.3 

116.9 
82.3 

127.0   83.1 
81.5   61.2 

99.6 
68.0 

91.1 
64.0 

105.0 

48.8 

101.6 
69.7 

120.0126.3103.4 
72.  5i  90.01  85.5 

Range 

1 

The  highest  yield  harvested  during  the  entire  period  covering  all 
plots  was  127  bushels  per  acre  in  rotation  60  in  1918;  and  the  lowest 
yield  was  from  rotation  28,  in  1926,  from  which  only  17.9  bushels 
were  harvested. 

The  annual  mean  ranged  from  48.7  bushels  obtained  in  1912  to 
90.7  harvested  in  1918,  with  a  15-year  annual  mean  of  74.5  bushels 
per  acre.  The  lowest  mean  yield,  obtained  both  for  the  15-year 
period  and  for  the  last  6  years,  was  from  rotation  1  continuously 
cropped;  and  the  highest  mean  yield  was  from  rotation  61  both  for 
the  15-year  and  the  6-year  period,  a  6-year  rotation  in  which  alfalfa 
appears  three  times  and  12  tons  of  stable  manure  is  applied  once 
during  the  cycle.  With  the  exception  of  rotation  35,  there  is  a  con- 
sistent increase  in  mean  yields  for  the  last  6  years  over  those  obtained 
from  the  rotations  in  effect  for  the  full  15  years  where  alfalfa  appears 
or  manure  is  applied  as  compared  with  those  continuously  cropped  and 
the  untreated  rotations. 

The  yields  of  sugar  beets  are  given  in  Table  2.  The  mean  annual 
yield  has  ranged  from  a  maximum  of  19.06  tons  in  1923  to  a  mini- 
mum of  7.63  tons  harvested  in  1920.  The  season  of  1920  was  ex- 
tremely unfavorable,  mainly  because  of  adverse  chmatic  conditions 
occurring  in  the  spring  and  also  in  part  because  of  insect  injury, 
which  reduced  the  stand  somewhat  on  all  plots.  The  percentage  of 
stand  resulting  from  rotations  18  and  22  was  so  poor  that  measurable 
yields  were  not  obtained.  Rotation  2-a  was  reseeded,  but  so  late 
that  the  yield  was  very  much  lower  than  otherwise  would  have 
been  the  case.  In  several  other  plots  in  the  season  of  1920  varying 
degrees  of  a  stand  occurred,  but  not  sufficiently  poor  to  justify 
reseeding;  and  this  condition  tended  to  distort  the  comparative 
results  from  the  plot  yields  recorded  for  that  year.  The  very  low 
yield  of  2.77  tons  per  acre  in  1925  from  rotation  2-a  was  largely  due 

60399—29 2 
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to  the  black-rot  disease,  which  either  kills  the  plants  entirely  or  ma- 
terially lowers  their  vigor.  Beets  grown  in  several  other  plots  were 
also  injured  from  this  cause,  but  to  a  much  less  extent.  The  same 
disorder  was  prevalent  in  1926  to  even  a  greater  extent  and  is  reflected 
in  the  apparent  inconsistency  in  the  yields  recorded.  This  is  par- 
ticularly noticeable  in  yields  from  rotations  18  and  40. 

Table  2. — Acre  yields  of  sugar  beets  (tons)  from  the  irrigated  rotations,  Huntley 

Field  Station,  1912-1926 


notation 
No. 


Annual 

mean 

Maximum. 
Range 


1912 


6.38 

n.'96 
12.28 
12.57 
11.66 
14.37 
7.34 
8.34 
8.15 


9.62 
9.49 


12.17 
i0.'26 


10.31 
14.37 
7.99 


1913 


9.25 


1914 


8.17 


46   9. 

5715. 

33:14. 


22 

36 

39 

3212. 

26 


3413. 
38   9. 


16.80 


13.78 


13. 08  11. 16 
16.8015.09 
7.55   8.52 


1915 


1916 


3315 


10 

5, 

10 

13 

10 

11, 

...112 

90;  7, 

7315, 

12 

6213 


1917 


9. 58  11. 53 
15. 45;  17.  93 
10.61,12.07 


9.82 
13.00 
7.08 


1918 


1919 


8.92 
14.59 

7.15 
14.59 
13.69 
10.20 
11.3811.90 


5.75 
12.92 
6.47 
8.58 
12.48 


8.44 
10.65 

9.55 
13.54 
13.24 
16.19 
13.15 

9.40 
14.23 


7.72 

7.70 

9.33 

15.86 

13.33 

6.40 

7, 

9.41 

12.02 


14.6713.66 
12.23:10.38 
16.53112.00 


12.2310.15 
16.  5315.  86 
9.38110.11 


1920 


5.89   8. 
1.  75  10. 


1921 


1922 


6.7112. 

8.17il4. 


10.09 
6.09 
9.98 
8.11 
7.52 
7.27 
5.75 
8.14 
5.72 

10.13 

10.11 
7.38 

10.83 


7.63 
10.83 


4011. 
571  7. 
65  9. 
4913. 
66;  16. 
9011. 
7915. 
4811. 
5115. 
7913. 
91 1 12. 
77]  14. 
6712. 


1923 


0514. 
8413. 
4413. 
04  19. 
35125. 
1912. 
6413. 
3512. 
27[23. 
80 


9.17 
14.49 


10.79 
14.77 
9.29 


18. 

24. 

20. 

18. 

17. 
05i20. 
54;  26. 
99i22. 
69  25. 


13.40 
18.54 
10.70 


19.06 
26.15 
14.06 


1924 


9.71 
6.36 
6.68 
16.51 
19.91 
9.93 
16.42 
9.54 
15.03 
11.04 
11.82 
18.35 
16.93 
14.66 
9.34 
15.01 
17.73 
16.31 
16.13 


13.54 
19.91 
13.55 


1926 


7.89 
2.77 
8.61 
9.75 
16.03 
4.39 
16.05 
7.96 
13.27 
10.19 
9.44 
13.35 
13.23 

12.  21 
10.89 
16. 03 
16.  25 

13.  77 
18. 12 


11.59  9.77 
18. 12  16. 14 
15.35112.81 


C3  0> 


9.67 
7.75 
8.01 
13.56 
18.08 
8.34 
14.79 
9.03 
15.20 
11.80 


8.80 

9.21 

8.28 
12.27 
15.07 
l72 
13.17 

8.00 
12.32 

9.56 
11.4811.38 
14.1916.47 
n.97il3.36 


10.51 
10.76 
12.61 
14.97 
13.13 
16.13 


11.67 


11.78 
11.91 
15.35 
17.90 
15.30 
17.76 


13.02 


The  lowest  mean  yields  of  less  than  10  tons  per  acre  quite  con- 
sistently occur  in  either  the  rotations  continuously  cropped  or  from 
those  untreated,  a  condition  which  appears  in  both  the  15-year  period 
and  the  last  6-year  mean.  The  conspicuous  exception  to  this  is  the 
yield  from  the  2-year  rotation  20,  where  potatoes  is  the  companion 
crop.  The  yields  from  beets  following  potatoes  indicate  that  potatoes 
up  to  the  present  time  even  in  a  2-year  untreated  rotation  have  had  a 
beneficial  effect  on  the  soil  as  far  as  the  yield  on  sugar  beets  is  con- 
cerned. Where  manure  was  applied  or  alfalfa  was  incorporated,  the 
past  six  years  show  an  increase  in  yield  over  the  15-year  mean,  indi- 
cating the  cumulative  desirable  effect  of  such  rotations. 

The  highest  yield  for  the  6-year  period  is  from  2-year  rotation 
No.  21,  which  consisted  of  potatoes,  manured,  followed  by  sugar 
beets.  Closely  second  to  the  yield  from  this  rotation  are  the  yields 
frona  the  two  6-year  rotations,  Nos.  61  and  67,  for  the  same  period. 

Yields  of  potatoes  are  given  in  Table  3.  These  include  yields  from 
13  rotations  for  the  full  15-year  period  and  from  4  rotations  for  the 
11-year  period  from  1916  to  1926,  inclusive.  The  maximum  yield  of 
519.3  bushels  per  acre  occurred  in  1918  in  rotation  25,  and  the  mini- 
mum of  5.5  bushels  in  rotation  27  in  1914.  The  mean  annual  yield 
for  the  entire  period  from  all  rotations  was  228.7  bushels.  The  lowest 
mean  annual  yield  occurred  in  1920.  In  that  j^ear  unfavorable 
weather  conditions  early  in  the  season  resulted  in  failure  to  obtain 
satisfactory  stands  from  the  first  planting,  and  it  was  necessary  to 
replant. 
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Tablb  3. — Acre  yields  of  potatoes  (bushels)  from  the  irrigated  rotations,  Huntley 

Field  Station,  1912-1926 


Rotation 
No. 


1912  1913 


1914 


1915 


1916 


1917 


1918 


1919 


1921 


1922 


1023 


1924 


1926 


qS 


;^§ 


4 233.6193.8118.3 


232. 


20 273.6199.8178.7 

21 270. 4  228. 1176.0 

24 26Z  8  316. 1171. 4 

26 413. 2362. 0  201. 3 

96 268. 8  158. 2  204. 6 

27 98.4   36. 0|     5.5 

80 205. 2  188. 2  156. 


81 

84 

86 


....199.2159.7|140.4 


40 210.  4  250.  2  156. 

44 237. 6  112.8  195. 

00 228.4  285. 3  293. 

61 273. 6  276. 8  184. 


349. 


420. 


0  175. 3 

137.  7  213. 
0  227.7  241 
6  293.  6i276. 
4  236.  2(229. 
9  324.01292. 
0  278. 8:239. 
4j  45.3  70. 
6  224.51 175. 
5,212.  Oj  90. 
.254.  4:272. 


.203.7 
6  246.  7 
81166. 0 
8  292.0 
0  401.7' 


I1G7.9  31I. 


232.0  204. 

443.  3  193. 

390.  3  282. 

319.  5  246. 

315.2  240. 

519.  3  389. 

303.  6  221. 

159.  C  170. 

286.  4  167. 

324.  5  148. 

425.  3  258. 

448.  0  232. 

445.  3  246. 

373.  3  203. 

345.  3  379. 
7  473.  7  354. 
6  445. 0  301. 


1'  78.6132. 
3  122. 0  27Z 
3  108.  6  251. 
6  124.0  220. 

6  106.  6  180. 
0  226.  6  239. 
6116.0178. 
0  58.6105. 
3  123.  3  220. 
0114.6  169. 
0  197.  3  226. 
3  222.  6  258. 
0  162. 6  2(». 
1111.0  212. 

7  160. 3  358. 
7  90.6  341. 
0  196. 6  310. 


Annual! 

mean 244.1212.7167.8 

Maximum..  413.  2  362. 0  293. 3 
Range 314.8  326.0287.8 


301.8  228.7 
420. 0  401. 7 
230.2  356.4 


218.  2367. 6  249.  3  136. 6 232.  5 
311.6  519.3  389.0  226.6  358.0 
241. 2  369. 7  241. 0  168. 0  262. 7 


138.0171. 
166.0  200. 
112.7  191. 
126.0179. 
169.  7  131. 
275. 3  303. 
136.0148. 
71.3  124. 
159.0174. 
128. 7  212. 
236.  7  235. 
283.  3  342. 
272.  3  243. 
204.  7  144. 
212. 0  263. 
279. 3  321. 
282.0  212. 


3124. 
0179. 
3  148. 
7  230. 
7186. 
6  271. 
7,129. 
3l  65. 
3163. 
0162. 
3  281. 
0  376. 
9  279. 
7156. 
3  244. 
0  326. 
0  231. 


7  96.0 
3166.2 
7  200.7 


88.7153.8ri25.2 
9Z0198. 
143.  3  220. 1 


7  269.  3  274. 6  241 
0150.7|131.3  206. 
3  340.  7:307.  3  322. 
8136.7  93.3  190. 
31  74.7174.0  97. 
3113.3'l83.3  184. 
Oi  92.  7,237. 3  177. 
3  295. 8  216.  7  263. 
0  358.8:324.0  301. 
3  339. 3:333. 3  268. 
0  236.  7:309.  3  202. 
0  310.  7:324.  7  288. 
7  312.  71324. 0  311. 
3i369.6i394.0  292. 


9.3 
174.7 
217.7 
158.3 
289.6 
137.1 
102.5 
.0 
167.0 
248.7 
323.8 
289.4 
210.7 
286.4 
317.5 
299.9 


191. 4  211. 7  209. 2  227. 31232. 4  228. 7 

283. 3  342. 0  376. 0  369.  6'394. 0 

212. 0  217. 7  310. 7,294. 9,305. 3i 

I  I  I  I  I 


217.4 


Relatively  low  yields  have  occurred  in  most  years  in  rotation  27, 
in  which  potatoes  follow  oats  with  rye  seeded  in  the  fall  in  the  oats 
stubble  and  plowed  under  as  green  manure  immediately  preceding 
the  planting  of  potatoes.  This  has  proved  to  be  an  undesirable 
practice,  mainly  due  to  the  difficulty  in  obtaining  a  proper  seed  bed 
from  spring  plowing  because  of  the  heavy  nature  of  the  soil.  This 
usually  requires  irrigation  for  germination  of  the  seed  pieces,  which 
results  in  puddling  of  the  soil  and  a  consequent  poor  stand  and 
delayed  growth. 

The  yields  of  wheat  as  this  crop  appears  in  the  various  rotations 
are  given  in  Table  4.  In  3  years  out  of  the  15  (1912, 1916,  and  1919), 
yields  from  certain  rotations  were  not  recorded.  At  the  time  the 
rotations  were  started,  in  1912,  winter  wheat  was  scheduled  for 
rotations  5  and  7  and  consequently  was  not  seeded  until  the  fall  of 
1912  and  harvested  in  the  spring  of  1913,  and  the  first  crops  har- 
vested in  these  rotations  were  credited  to  that  year.  In  1914  all 
wheat  plots  were  seeded  to  spring  wheat  in  the  interest  of  uniformity 
in  results. 

Table  4. — Acre  yields  of  wheat   (bushels)  from  the  irrigated  rotations,  Huntley 

Field  Station,  1912-1926 


Rotation 
No. 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

i 

2 

4 

23 

8... 

20.9 

28.2 

86.1 
17.4 

30.5 
35.6 
32.9 
40.7 
22.9 

30.6 
36.3 
37.6 

"2i."7 
94  8 

16.6 
29.5 
29.1 
35.7 
21.4 

17.3 
26.4 
24.3 
35.4 
16.1 

::::: 

27.3 

27.8 
30.6 
28.6 
17.8 
28.8 

14.7 
18.6 
19.0 
33.6 
18.9 

30.6 
26.6 
23.3 

17.7 
12.4 
11.3 

10.7 
20.0 
12.7 
34.0 
16.7 

24.7 
32.7 
19.3 
34.7 
16.0 

11.6 
13.9 
16.4 
38.1 
15.7 

21.7 
27.9 
26.1 
33.8 
2a7 

18.3 

6 

20.7 

7 

17.0 

18 

31.6 
23.5 

47.0  32.7 
19.2 

26.0;  36.8 
28.6,  24.0 

33.9 

38 

2ao 

Annual 

mean 

Maximum.. 

25.3 
31.6 
10.7 

40.4 
61.9 
44.5 

32.5 
40.7 
17.8 

34.1    28.4 
47.0  32.7 
27.8   11.0 

28.5 
35.7 
19.1 

23.9 
35.4 

27.3 

26.3 
30.6 

21.0 

27.0   20.4 

18.8 
34.0 
23.3 

25.5 
34.7 
18.7 

19.1 
38.1 
26.5 

26.3 

22.0 

Range 

19.3 

12.8,  i8.9|    7.3   25.6 

-U 
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'IThe  winter  of  1912  and  the  following  spring  were  exceptionally 
favorable,  and  notably  high  yields  of  winter  wheat,  harvested  in  1913, 
resulted.  A  further  factor  in  favorably  influencing  the  yields  was  the 
fallowing  of  these  two  plots  during  the  summer  of  1912.  No  yields 
were  recorded  for  rotations  3  and  28  for  1916,  which  was  due  to  a 
severe  infestation  of  wild  oats,  resulting  in  its  proving  to  be  desirable 
to  destroy  the  entire  crop  before  maturity  of  the  seed  in  order  to 
eradicate  the  wild  oats.  The  same  condition  resulted  in  1919,  when 
only  one  rotation  (No.  18)  was  harvested. 

^  The  outstanding  feature  in  connection  with  this  table  is  the  rela- 
tively poor  yield  resulting  from  rotation  7,  in  which  the  straw  is 
returned,  and  more  particularly  the  past  six  years.  This  plot  has  pro- 
duced the  lowest  yields  for  the  6-year  period  of  any  in  the  series  and 
9.1  bushels  per  acre  less  than  for  the  complete  period. 

The  net  result  of  this  special  treatment  thus  far  obtained  has 
appeared  to  have  even  a  more  adverse  effect  on  the  productivity  of  the 
soil  than  wheat  grown  continuously  without  this  treatment.  It  was 
found  that  in  rotations  3,  5,  and  7,  where  wheat  is  continuously  pro- 
duced on  the  same  land,  wild  oats  has  been  an  important  factor  in 
reducing  the  yields  over  what  otherwise  would  have  been  the  case. 
Consequently  the  low  yield  recorded  for  the  last  six  years  in  these  three 
rotations  may  be  attributed  to  both  a  reduction  of  the  productivity 
of  the  soil  and  to  the  weed  problem. 

The  yields  of  corn  are  given  in  Table  5.  No  total  crop  failures 
have  been  experienced  during  the  course  of  the  rotations.  The  yields 
have  proved  to  be  more  consistently  uniform  than  those  of  any  of  the 
crops  heretofore  presented,  largely  because  the  crop  is  less  susceptible 
to  plant  diseases,  insect  pests,  and  other  crop  hazards. 

Both  for  the  6-year  and  the  15-year  mean,  a  simple  rotation  with 
potatoes  (No.  26)  has  given  the  highest  yield.  The  lowest  for  both 
periods  is  that  from  the  continuously  cropped  plot  in  rotation  6. 
This  rotation  has  fallen  10.2  bushels  below  the  15-year  mean  and  15 
bushels  below  the  last  6-vear  mean. 


Table  5. 

—A 

ere 

yields   of  corn    (bushels)   from  the  irrigated  rotations, 
Field  Station,  1912-1926 

Huntley 

'  Rotation 
No. 

1912 

1913 

1914 

1 
1915    1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

i 

11 

6 

32.0 

36.7 

31.6 

31. 6'  35. 0 

'  44  7 

30.3 

34  8 

26.1 
43.9 
22.2 
38.1 
36.2 

27.5 
42.7 
40.0 

45.4 
45.7 

23.7 
53  3 

31.7 

28.6 
43.9 
AS  8 

19.4 
32.2 
37.6 

55.4 
38.2 

23.2 
34.8 
40.7 
45.5 
42.0 

16.0 
24.4 
25.0 
37.6 
34.4 

28.5 
41  1 

23  & 

6-«.     ... 

40.  6!  50. 4 
25.  2   50.  2 
35.0   48.3 
31.  7   45.  6 

38  2 

16 

42.8 
41.8 
29.1 

33.9 
48.5 
48.7 

41.4 
65.1 
43.5 

36.1   31.5 
41.3   41.8 
38.7   37.0 

28.  3i  43  3 

36  8 

38  1 

26.. .- 

48  8^  53  9i  -"^S  8 

46.4 
41.3 

50  0- 

32 

37.9:  48.7 

61.4 

43  & 

Annual 

mean 

Maximum- 

36.4 
42.8 
13.7 

41.9 
48.7 
14.8 

42.9 
55.1 
23.5 

1 
36.9   38.0 
41.3   44.7 
9.7   13.2 

1 

32.6 
40.6 
15.4 

45.9 
50.4 
15.6 

33.3 
43.9 
21.7 

40.3 

45.7 
18.2 

38.4   43.7 
53.  3'  53.  9 

49.3 
61.4 
32.8 

36.6 
55.4 
36.0 

37.2 
45.5 
22.3 

27.5 
37.6 
21.6 

38.7 

38.8- 

Range 

29.6 

i 

22.2 

The  yield  of  flax  in  rotations  9  and  67  is  given  in  Table  6.  The 
crop  is  grown  to  a  very  limited  extent  under  irrigation  on  the  project, 
but  it  was  included  in  the  rotation  program  because  flax  is  extensively 
produced  where  dry-land  farming  is  practiced  and  seems  to  have 
some  possibilities  when  irrigated.  No  total  crop  failures  have  been 
experienced,  and  the  yields  have  been  relatively  consistent  throughout 
the  15-year  period. 
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Table  6.- 

—Acre  yields  of  flax  (bushels)  from  the  irrigated  rotations,  Huntley  Field 
Station,  1912-1926 

Rotation 
No. 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

6.4 
22.1 

1926 
2.6 

J' 

8  0 

l| 

^ 

9.9 
19.4 

12.1 
31.3 

13.0   14.5 

24.  3,  2a  1 

1 

7.6 
27.9 

7.6 
30.3 

as 

31.8 

1.3 
15.6 

6.0 

lai 

3.4 

12.8 

10.0 
24.3 

9.0 
24.1 

ao 

20.7 

6  (( 

«7 

22.6  24.0 

??  1 

Annual 
mean 

14.6 

21.7 

la  «:  21.  3 

17.7 

ia9 

2a  1 

a4 

12.0 

ai 

17.1 

16.6 

17.3 

14.2 

1 
12.0.  15.9 

1 

The  yields  of  alfalfa  are  given  in  Table  7.  Alfalfa  was  not  incor- 
porated in  the  series  primarily  for  the  purpose  of  measuring  the  effecjt 
of  crop  sequences  on  the  yields  for  this  crop,  but  rather  largely  to 
obtain  information  as  to  the  value  of  this  crop  when  grown  two  or 
three  successive  years  in  rotations  as  compared  with  other  similar 
rotations  in  which  alfalfa  is  not  included.  As  alfalfa  is  a  perennial 
and  was  grown  either  as  a  2-year  or  a  3-year  crop  in  the  rotations 
except  in  the  continuously  cropped  plots  8  and  8-a,  the  yields  in  the 
different  years  are  tabulated  separately.  The  age*  of  the  alfalfa  on 
any  one  plot  may  be  determined  by  noting  the  figure  following  the 
rotation  number,  for  example  40-1  indicates  the  yield  of  rotation  40 
for  the  first  year;  40-2  indicates  the  yield  the  second  year  it  was  in 
alfalfa;  and  64-3  implies  the  third-year  yield  in  rotation  64.  In  com- 
puting the  annual  mean  for  1912  all  yields  for  that  year  were  used  in 
arriving  at  the  first-year  results,  as  all  plots  were  in  alfalfa  one  year 
irrespective  of  designations.  In  1913  first  and  second  year  annual 
means  only  appear,  as  the  yields  from  the  rotations  where  the  crop, 
was  to  be  grown  for  three  years  were  utilized  in  arriving  at  the  2- 
year  mean  for  that  year.  This  procedure  was  followed  throughout.' 
In  the  case  of  the  continuously  cropped  plots  first  year  results  were 
used  in  arriving  at  the  first  year  annual  means,  second  year  yields  in 
the  second  year  annual  means,  and  thereafter  the  results  of  these 
plots  were  utilized  in  arriving  at  the  3-year  annual  means  for  the 
period  covered,  as  the  returns  from  alfalfa  the  third  year  are  usually 
comparable  with  the  results  obtained  from  fields  continuously  cropped 
for  a  long  period.  Alfalfa  following  a  grain  crop  is  fall  seeded  in  the 
stubble  as  soon  as  practicable  after  the  grain  is  harvested.  Therefore, 
alfalfa  in  rotations  44,  46,  64,  and  69  is  fall  seeded.  In  rotations 
40,  60,  61,  and  67  following  a  cultivated  crop  it  is  spring  feeeded. 

Yields  are  included  for  the  full  15-year  period  with  the  exception 
of  rotations  8-a,  46,  64,  and  69,  which  were  introduced  in  1916.  FaU 
seeding,  when  possible,  has  been  practiced  for  the  purpose  of  deter- 
mining the  merits  of  this  method  as  compared  with  spring  planting. 
Fall-seeded  alfalfa  is  somewhat  subject  to  winterkilling  the  first  year, 
depending  upon  the  severity  of  conditions.  All  alfalfa  plots  seeded  in 
the  fall  of  1918  were  winterkilled,  a  fact  which  necessitated  reseeding 
in  the  spring  of  1919. 

The  same  condition  existed  during  the  winter  of  1925-26,  when  all 
fall-sown  plots  were  reseeded  in  the  spring  of  1926.  Hail  and  grass- 
hopper injury  in  1921  notably  reduced  the  second  and  third  year 
mean  yields,  which  are  the  lowest  recorded. 

The  annual  mean  yield  for  the  first-year  alfalfa  has  been  2.33, 
second  year  5.51,  and  third  year  5.33  tons  per  acre.  Alfalfa  servos  a 
dual  purpose  under  irrigated  conditions,  which  its  use  at  this  station 
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illustrates.  It  is  used  as  a  forage  crop  for  feeding  the  livestock  on 
the  project  and  for  the  purpose  of  maintaining  the  productivity  of 
the  soil  when  used  in  a  rotation  with  other  crops.  When  produced 
on  farms  devoted  largely  to  livestock  production  it  often  is  grown 
for  several  years  on  the  same  land.  But  when  planted  wholly  or  in 
part  for  its  beneficial  effects  on  succeeding  crops  it  may  be  plowed 
under  at  the  end  of  the  second  or  third  year.  When  used  in  this 
capacity  it  is  of  practical  interest  to  note  that  these  results  indicate 
that  approximately  maximum  production  may  be  expected  the  second 
season  of  growth.  Although  it  is  decidedly  questionable  whether  the 
maximum  benefit  to  the  soil  is  obtained  m  this  short  period,  consider- 
ing the  first  cost  and  returns,  it  might  be  desirable  in  actual  practice 
to  continue  alfalfa  for  a  period  of  at  least  four  or  five  years. 


Table  7.- 


-Acre  yields  of  alfalfa  (tons)  from  the  irrigated  rotations,  Huntley  Field 
Station,  1912-1926 


Rotation  No. 

1912 

1913 

1914 

1915    1916 

1 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Mean 

8 

0.72 

4.51 

4.62 

4.72 

3.86 
1.52 
2.02 
4.75 
2.12 
5.31 
1.71 
4.92 
1.73 
1.87 
1.99 
5.32 
5.92 
2.37 
5.83 
6.60 
1.88 
1.91 
1.86 
2.19 
5.42 
1.87 
2.09 

3.99 
5.95 
1.92 
5.44 
1.98 
5.72 
1.84 
4.77 
3.73 
5.88 
2.11 
5.09 
4.86 
2.39 
6.28 
5.90 
3.17 
6.18 
5.92 
1.97 
5.58 
3.37 
5.99 

2.50 
5.71 
4.92 

4.87 
6.54 
2.02 
4.96 

4.61 

6.83 

.47 

."i.  80 

4.39 
5.14 
1.76 
4.30 
1.60 
3.79 
2.91 
3.49 
3.25 
5.04 
1.95 
4.08 
5.69 
2.22 
5.00 
6.08 
3.  54 
5.23 
5.27 
1.82 
4.71 
3.82 
5.67 

2.54 
4.59 
5.31 

3.40 
2.47 
1.24 
3.78 
1.12 
3.66 
1.96 
2.54 
1.86 
2.32 
1.16 
3.92 
2.86 
1.67 
4.62 
3.53 
1.72 
,2.81 
2.56 
1.18 
3.76 
1.98 
3.08 

1.54 
3.39 
2.96 

5.55 
6.35 
2.08 
5.84 
2.26 
6.61 
2.52 
5.22 
3.09 
6.05 
2.42 

4.66 
5.12 
1.46 
4.84 
1.60 
4.69 
2.48 
4.04 
2.98 
4.86 
1  -^fi 

5.42 
6.26 
3.64 
6.52 
3.20 
6.20 
2.62 
5.92 
3.14 
6.30 
2.98 
6.56 
7.10 
4.32 
6.58 
7.37 
2.86 
6.34 
6.48 
4.04 
6.42 
3.28 
6.52 

3.76 
4.78 
1.78 
5.90 
2.38 
5.00 
3.06 
5.08 
3.54 
5.46 
2.06 
5.16 
5.70 
2.82 
6.32 
6.04 
3.58 
4.84 
5.78 
2.32 
5.58 
4.46 
5.04 

3.66 
5.24 

2.88 
5.86 

6!  08 
3.06 
4.56 
2.52 
5.34 
2.88 
5.42 
5.88 
3.34 
6.70 
6.32 
2.40 
4.88 
5.54 
2.86 
6.04 
3.00 
5.82 

4.18 

8-a 

6. 11 

40-1. 

.43 
.20 
1.02 
.94 

:S 



"."88 
.76 

■M 

.61 
.64 

2.07 
5.25 
2.31 
6.22 
2.07 
5.62 

'ill 

6.29 
5.92 
1.79 
5.99 
4.78 

2.33 

5.65 
2.40 
6.26 
1.47 
4.46 

2.45 

2.22 
6.61 
2.33 
7.47 
1.89 
6.16 

1.89 

40-2  . 

5.05 

42-1 

42-2 

2.38|  1.03 
5. 12!  5.  76 
2.49'     .96 
4.92   4.22 

2.06 
5.26 

44-1 

2  13 

44-2 

4.45 

46-1 

46-2 

60-1 

3.39 
6.45 
2.15 
4.94 
5.10 
2.43 
5.06 
6.23 
3.29 
5.97 
6.54 
2.13 
4.40 
3.49 
6.18 

2.73 
6.36 
.73 
6.11 
4.18 
2.28 
6.64 
4.31 
2.40 
6.12 
2.20 
1.10 
6.81 
2.77 
6.76 

2.91 
5.08 
2.01 

60-2 

5.25   7.38 
5.72^  6.58 
2.59|  2.52 
6.53'  7.92 

6.48   4.74 

5.17 

60-3 

61-1 

61-2 

6.51 
2.96 
5.87 
6.70 
3.50 
5.69 
6.12 
2.26 
5.82 
4.17 
6.05 

2.81 
5.96 
6.25 

5.74 
1.84 
5.58 
6.11 
3.19 
4.07 
5.14 
1.53 
4.73 
2.82 
3.80 

5.24 
2.42 
5.63 

61^-..-... 

64-1.. 

5.98 

7.43 

6.60 

2.87 

64-2  -. 

4.91 

64-3 

4.86 

67-1  .. 

.71 
.60 

2.46 
5.86 

2.06 
5.24 

2.64 
7.29 

2.08 

67-2 

69-1.... 

69-2... 

5.22 
3.18 
5.18 

Annual  mean: 
First  year... 
Second  year. 
Third  year.. 

.72 

2.20 
5.69 

2.22 
5.40 
5.44 

2.34 
7.14 
6.24 

1.94 
5.26 
5.46 

2.64 
5.33 

5.85 

1.61 
6.06 
4.43 

2.14 
4.59 
5.35 

3.34 
6.37 
6.53 

2.89 
5.37 
5.21 

2.91 
6.63 
5.33 

2.29 
5.46 
5.33 

The  foregoing  tables  giving  detailed  yields  of  oats,  sugar  beets, 
potatoes,  wheat,  corn,  flax,  and  alfalfa  indicate  clearly  that  the  land 
where  these  crops  were  grown  was  quite  productive  at  the  outset,  and 
this  is  further  shown  by  the  satisfactory  yields  often  occurring  during 
the  latter  part  of  the  period  covered  by  these  data  from  the  con- 
tinuously cropped  plots  as  well  as  from  those  including  such  cropping 
practices  as  are  believed  to  have  an  adverse  effect  on  crop  yields  when 
practiced  continuously.  It  seems  reasonable  to  suppose  that  more 
striliing  results  would  have  occurred  if  the  experiments  at  the  outset 
had  been  located  on  land  of  low  productivity  rather  than  to  serve 
what  is  an  equally  valuable  purpose  of  demonstrating  how  crop  yields 
may  be  maintained. 
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ANNUAL  FLUCTUATIONS  OF  YIELDS 

Throughout  the  period  covered  by  these  tabulated  results  the  crops 
have  been  subjected  to  varying  degrees  of  injury  which  have  had  a 
more  or  less  marked  influence  on  the  yields.  These  have  been  storm, 
insect,  disease,  and  accidental  injuries,  which  have  not  always  uni- 
formly affected  all  plot  yields  in  any  one  season.  So  far  as  practicable 
this  is  noted  in  the  text  when  it  has  been  particulariy  obvious  at  the 
time  it  occurred  and  when  it  was  of  sufficient  magnitude  to  result  in  a 
material  lowering  of  yields. 

Seasonal  conditions  have  usually  tended  to  operate  uniformly  on 
the  different  crops  each  season,  some  seasons  being  favorable  and 
others  unfavorable.  For  the  purpose  of  ascertaining  the  seasonal 
variation  in  yields,  Table  8  is  included,  in  which  the  mean  annual 
yield  for  each  crop  except  alfalfa  and  flax  is  compared  with  the  mean 
of  these  annual  yields  for  the  entire  period  and  expressed  as  a  per- 
centage of  the  mean  for  the  15-year  period. 

Table  8. — Seasonal  mean  acre  yield  of  each  crop,  except  alfalfa  and  flax,  in  the 
irrigated  rotations,  expressed  as  a  percentage  of  the  mean  yield  of  all  plots,  in 
each  of  such  rotations,  at  the  Huntley  Field  Station,  1912-1926 


Crop 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Mean, 
1921- 
1926 

Oats 

65 
90 
107 
96 
94 

113 
113 
93 
153 
108 

120 
97 
73 
123 
111 

106 
83 
132 
130 
95 

95 
100 
100 
100 

98 

101 
85 
95 

101 
84 

122 
106 
161 
91 
119 

71 
88 
109 
104 
86 

85 
66 
60 
100 
104 

91 
94 
102 
80 
99 

119 

116 
84 
103 
113 

109 

165 
93 
78 

127 

119 
117 
92 
71 
95 

106 
101 
99 
97 
96 

77 
85 
101 
73 
71 

103 

Sugar  beets 

Potatoes 

Wheat 

113 
95 
84 

Corn 

100 

Mean.... 

90 

116 

105 

109 

99 

93 

120 

92 

83 

93 

107 

114 

99 

100 

81 

99 

The  mean  percentage  of  all  these  crops  for  the  first  six  years  of  the 
period  is  102  and  for  the  last  six  years  99,  which  is  a  further  indication 
of  the  original  productivity  of  the  land.  In  the  last  column^  the 
mean  for  the  last  six  years  is  given,  and  during  this  period  the  yields 
of  sugar  beets  and  oats  have  been  above  normal,  the  yield  of  corn 
has  been  normal,  while  yields  of  potatoes  and  w^heat  have  been  below 
normal.  Wheat  shows  the  lowest  percentage  for  the  6-year  period, 
but  as  5  rotations  are  involved,  3  of  which  are  continuously  cropped,  it 
is  not  unnatural  to  suppose  that  the  percentages  would  be  less  than 
with  oats,  for  which  21  rotations  are  reported,  only  2  of  which  are 
continuously  cropped. 

In  connection  with  ascertaining  the  annual  mean  of  the  crops  where 
all  rotations  are  included  it  is  possible  to  compare  the  effect  of  the 
different  rotation  treatments  by  crops.  For  making  this  comparison 
three  crops  are  included — oats,  sugar  beets,  and  potatoes — for  each  of 
which' there  is  a  sufficient  number  of  rotations  to  justify  their  inclu- 
sion. In  this  comparison  the  plots  that  are  untreated,  including 
those  continuously  cropped,  are  compared  with  those  that  were 
manured  or  on  which  alfalfa  was  grown  or  both.  For  oats  there  are  6 
untreated  and  8  treated  plots.  Six  untreated  and  8  treated  plots  of 
sugar  beets  and  5  untreated  and  7  treated  plots  of  potatoes  were 
included  in  arriving  at  the  results  given  in  Table  9. 
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Table  9. — Mean  annual  acre  yields  of  oats,  sugar  beets,  and  potatoes  in  untreated 
rotations  and  in  manured  and  alfalfa  rotations,  at  the  Huntley  Field  Station, 
1912-1926 

[The  mean  acre  yield  of  each  crop  is  expressed  as  a  percentage  of  the  mean  annual  yield  of  such  crop  in  all 

rotations] 


CO 

o 

flOs 

S^ 

Crop 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

u 

h 

Oats: 

Untreated 

98 

87 

90 

95 

89 

82 

86 

80 

81 

87 

88 

85 

79 

73 

65 

84 

80 

Treated  .. 

103 

115 

112 

106 

108 

116 

112 

116 

117 

112 

111 

113 

119 

125 

132 

114 

119 

Sugar  beets: 

Untreated 

93 

88 

84 

73 

89 

95 

89 

93 

79 

79 

84 

82 

75 

66 

66 

82 

75 

Treated-. 

105 

109 

112 

120 

108 

102 

108 

105 

111 

115 

111 

113 

118 

125 

124 

112 

118 

Potatoes: 

Untreated 

91 

86 

83 

85 

86 

88 

87 

87 

83 

84 

78 

81 

76 

68 

60 

82 

75 

Treated.. 

107 

112 

115 

113 

112 

111 

112 

111 

115 

114 

120 

117 

121 

129 

135 

116 

123 

The  trend  of  the  yields  throughout  the  15-year  period  for  the 
untreated  plots  is  downward  in  the  case  of  all  three  crops  considered, 
as  is  indicated  by  comparing  the  15-year  means  with  the  means  for 
the  last  six  years.  On  the  other  hand,  the  trend  in  yield  for  the  treated 
plots  is  upward.  For  the  last  6-year  period  the  difference  in  favor 
of  the  treated  plots  over  those  untreated  is  for  oats  39  per  cent,  for 
sugar  beets  43  per  cent,  and  for  potatoes  48  per  cent;  whereas  for  the 
15-year  period  it  is  for  oats  30  per  cent,  for  sugar  beets  30  per  cent, 
and  for  potatoes  34  per  cent. 

COMPARISON  OF  EFFECTS  OF  THE  ROTATIONS  ON  CROP  YIELDS 

In  order  to  afford  a  more  direct  comparison  of  the  effect  of  the  differ- 
ent rotation  treatments  on  crop  yields,  the  following  tables  are 
included  according  to  crops,  with  the  various  treatments  and  crop 
sequences  grouped.  This  permits  a  direct  comparison  of  the  effect 
on  yields.  Continuous  cropping  of  oats  is  compared  with  oats  in  a 
2-year  rotation  with  corn,  with  sugar  beets,  with  potatoes,  and  with 
wheat.  A  further  comparison  is  made  where  oats  appear  in  an  un- 
treated 3-year  rotation  with  sugar  beets  and  potatoes,  with  sugar 
beets  and  corn,  and  with  potatoes  and  sugar  beets.  The  2-year 
untreated  rotations  where  the  companion  crops  with  oats  are  sugar 
beets  and  potatoes  are  compared  with  two  where  the  same  crops  are 
used  but  a  treatment  of  12  tons  of  stable  manure  is  applied  preceding 
the  oat  crop.  The  same  comparison  is  made  where  sugar  beets  and 
potatoes  are  incorporated  in  a  3-year  rotation  with  oats,  two  untreated 
and  the  other  two  having  an  application  of  stable  manure  applied 
every  third  year,  in  one  case  following  the  sugar  beets  and  preceding 
the  potatoes  and  in  the  other  following  the  potatoes  and  preceding 
the  sugar  beets.  For  purposes  of  ascertaining  the  value  of  alfalfa 
as  a  possible  substitute  for  manure,  4-year  and  6-year  rotations  are 
included;  where  alfalfa  appears  in  one  group  it  is  grown  for  two 
years,  and  in  the  other  it  is  a  3-year  crop.  It  is  possible  to  compare 
the  joint  effect  of  both  manure  and  three  years  of  alfalfa  as  included 
in  the  treatment  of  rotation  61  with  rotation  60,  which  has  the  same 
crop  sequences  but  no  manure.  The  same  general  comparisons  are 
made  with  the  other  crops. 
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In  considering  the  summary  of  results  in  these  rotation  experiments, 
which  have  been  in  effect  for  a  series  of  years,  there  are  three  primary 
factors  to  be  taken  into  consideration:  (1)  The  annual  differences 
and  mean  yield  variations,  largely  influenced  by  the  kind  of  rotation; 
(2)  the  uniformity  of  the  differences  in  the  annual  yields;  and  (3) 
the  measure  of  the  effect  of  the  treatment  on  other  crops  in  the  same 
rotation,  by  means  of  which  the  full  value  of  the  complete  rotation 
may  be  estimated  and  compared  in  the  same  manner  as  are  the  annual 
and  mean  yields  of  the  several  crops  as  they  appear  in  the  different 
rotations.  The  data  presented  in  Tables  10  to  14  permit  a  discussion 
of  the  first  two,  while  the  third  will  be  presented  under  the  heading 
"Comparative  values  of  the  different  rotations." 

The  following  tables  give  the  rotation  numbers,  the  treatment  they 
received,  the  mean  actual  yield  from  1912  to  1926,  and  the  mean 
actual  yield  from  1921  to  1926,  together  with  the  probable  error  com- 
puted, which  is  included  for  the  purpose  of  determining  the  degree  of 
the  dependability  of  differences  in  yield.  There  are  several  methods 
of  computing  this  probable  error.  The  one  here  used  is  to  multiply 
the  sum  of  the  departures  from  the  mean  by  the  quotient  of  n■^Jn'- 1 
into  0.8453,  where  n  equals  the  number  of  yields  involved.^ 

The  value  of  determining  the  probable  error  is  illustrated  in  Table 
10,  giving  the  results  with  oats  in  rotation  44,  which  is  compared 
with  those  in  rotation  24.  For  the  15-year  period  there  is  an  actual 
mean  increase  in  yield  in  rotation  44  over  the  yield  in  rotation  24 
of  6  bushels  per  acre,  but  with  a  probable  error  of  2.9.  This  relatively 
large  probable  error  indicates  that  the  increase  in  the  yield  of  oats, 
brought  about  in  this  rotation  by  incorporating  two  years  of  alfalfa 
for  the  15-year  period,  is  not  significant.  But  when  the  yields  in 
the  last  six  years  are  compared,  where  there  is  an  increase  of  18 
bushels  per  acre  with  a  probable  error  of  2.6,  the  increase  may  be 
considered  significant,  indicating  the  cumulative  effect  of  incorpo- 
rating alfalfa  in  a  rotation  of  this  kind  as  compared  with  one  in 
which  no  alfalfa  is  included. 

A  system  of  crop  rotation  or  special  treatment  of  the  soil  adjusted 
to  the  conditions  existing  in  a  given  locality  is  fundamental  to  con- 
tinued productivity  of  the  land.  It  has  been  repeatedly  demon- 
strated that  the  continuous  growing  of  crops  like  sugar  beets,  pota- 
toes, etc.,  on  the  same  land  year  after  year  develops  a  soil  condition 
unfavorable  to  continued  satisfactory  yields.  Planning  the  crop- 
ping svstem  so  that  crops  similar  to  those  under  discussion  are 
rotated  usually  results  in  the  productivity  of  the  soil  being  main- 
tained for  a  longer  period  than  it  would  otherwise.  By  including  a 
leguminous  crop  like  alfalfa  in  the  rotation,  the  productivity  of  the 
soil  is  often  increased  and  usually  is  maintained  for  a  long  period  of 
years.  By  incorporating  a  special  treatment  like  the  appUcation  of 
stable  manure,  a  favorable  effect  on  crop  yields  is  usually  secured 
immediately  and  continues.  Stable  manure  is  not  always  available, 
and  in  that  event  alfalfa  or  a  similar  crop  becomes  essential  where 
crops  of  a  nature  comparable  to  potatoes  or  sugar  beets  are  featured 
in  the  planting  program.  The  continued  success  of  the  farmers  on 
irrigation  projects  is  predicated  upon  their  ascertaining  and  adopting 

•  Mkbriiian,  M.    mkthod  or  least  souabbs.    Ed.  8.    New  York.    1913. 
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a  plan  of  farm  management  which  keeps  the  productivity  of  the  soil 
at  a  high  standard;  yields  must  be  greater  when  crops  are  grown 
under  irrigation  with  the  attendant  higher  production  costs,  which 
include  such  items  as  leveling  the  land,  cost  of  water  and  its  applica- 
tion, as  well  as  often  high  delivery  costs  to  the  market,  if  the  irriga- 
tion farmers  are  to  compete  successfully  with  those  engaged  in 
farming  where  such  expenses  are  not  necessary. 

However,  the  sole  benefit  to  be  derived  from  a  proper  crop  rotation 
is  not  confined  entirely  to  maintaining  or  increasing  the  productivity  of 
the  soil.  Continuous  cropping  of  the  land  often  results  in  excessive 
weed  growth,  and  not  infrequently  it  intensifies  the  injury  done  by 
certain  plant  diseases  and  insect  pests,  or  increases  the  expense  of 
their  control.  As  crop  rotation  is  essentially  diversification,  which 
permits  a  farmer  to  be  engaged  in  more  than  one  enterprise,  he  is 
able  to  use  his  time  and  equipment  more  effectively  than  would  be 
the  case  were  he  largely,  if  not  wholly,  confining  his  activities  to  one 
crop.  When  he  is  producing  two  or  more  crops  his  business  is  on 
a  much  more  stable  basis  in  that  a  failure  of  one  crop,  brought  about 
by  either  low  yields  or  depressed  prices,  does  not  necessarily  mean 
that  he  will  operate  at  a  loss  that  season.  Obviously,  the  added 
value  of  a  constructive  cropping  system,  aside  from  maintaining  or 
increasing  yields,  is  not  reflected  in  the  preceding  or  following  pages, 
but  its  value  is  apparent  and  should  be  considered  in  weighing  the 
merits  of  the  different  cropping  systems. 

YIELDS  OF  OATS 

The  average  annual  yields  of  oats  as  this  crop  has  appeared  in  the 
various  rotations  are  given  in  Table  10.  They  are  recorded  for  the 
period  1912  to  1926  and  also  for  the  last  6-year  period,  1921  to  1926. 
In  arranging  the  table  the  rotations  are  divided  into  five  groups: 
(1)  Plots  continuously  cropped,  (2)  untreated  plots  as  compared 
with  those  continuously  cropped,  (3)  manured  rotations  as  compared 
with  those  untreated,  (4)  alfalfa  rotations  as  compared  with  those 
untreated  as  well  as  with  those  having  an  application  of  stable 
manure,  and  (5)  a  rotation  in  which  both  manure  and  alfalfa  are 
included  as  compared  with  similar  untreated  rotations. 

A  further  division  permitting  additional  comparisons  has  been 
made.  The  mean  yield  of  oats  in  four  simple  2-year  rotations  is 
given  and  may  be  compared  with  oats  in  three  3-year  untreated 
rotations.  The  mean  jneld  of  oats  in  the  2-year  rotations,  23  and 
25,  which  have  manure  apphed  preceding  the  sugar  beets  and  pota- 
toes, may  be  compared  with  the  two  3-year  rotations  which  are 
manured.  Also,  the  mean  yields  in  the  three  4-year  rotations  may 
be  compared  with  those  in  the  6-year  rotations,  60  and  64. 

Rotation  No.  1  was  started  in  1912,  whereas  No.  1-a  was  included 
in  the  series  in  1916.  This  also  applies  to  No.  2-a.  These  two 
rotations,  1-a  and  34,  are  compared  because  they  were  started  the 
same  year,  and  are  side  by  side  in  the  same  field.  This  same  expla- 
nation applies  to  2-a  and  34  in  Table  11. 
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Table  10. — Average  annual  acre  yields  of  oats  grown  continuously  on  the  same 
land  as  compared  vrith  yields  obtained  when  the  crop  is  grown  in  simple  rotations 
and  the  effect  of  manure  and  of  alfalfa,  at  the  Huntley  Field  Station,  1912-1926 


Crops  in  the  rotation 

Average  annual  yields  of  oats 
(bushels) 

Rotation 

Actual 

Increase  (+)  or  decrease 
(-)  as  compared 

1912- 
1926 

1921- 
1926 

1913- 
1926 

1921- 
1926 

Continuous  cropping: 

No.  1 

Oats 

38 

57 

38 

48 

No,  1-a 

do        

4-27±2.1 
+44±2. 2 
-f  37±2. 9 
+21=t2.  7 
+9±1.  7 

+27±3. 4 
+18dbl.4 
+26±3. 1 

-5±3. 0 
+11±1.9 

+6±1. 6 
+1±4.0 

+5±2.  9 
+6±2.  9 
+8±4.  7 

+27±3.9 
+6±3.6 

+29±3.8 

Average 

47 

43 

Untreated    rotations     (com- 
pared with  continuous  crop- 

^'Xa, 

65 
82 
75 
59 
47 

65 
79 
74 
63 
50 

-f27±2.8 

No.  22 

Sugar  beets,  oats      ........ ...... 

+41  ±4. 0 

No  24 

Potatoes,  oats 

-f-36±3  9 

No.  27 

+25di2. 1 

No.  28 

Wheat,  oats 

+12±2  5 

Average,  not  including 

67 

67 

Na2?'.                 ^^ 

Sugar  beets,  potatoes,  oats 

No.  30 

65 
56 
83 

69 
55 

77 

4-31±2. 4 

No.  32 

+17±  .8 

No.  34 

Potatoes,  sugar  beets,  oats 

+29±3  0 

Average 

68 

67 

Sugar  beets  (manured),  oats 

Manured  rotations  (compared 
witli  untreated  rotations): 
No.  23 

77 
86 

84 
90 

+6±4. 7 

No.  25 

Potatoes  (manured),  oats 

+16±2.0 

Average 

81 

87 

Sugar  beets  (manured),    potatoes, 

oats. 
Potatoes  (manured),   sugar    beets, 

oats. 

No.  31 

71 
84 

76 
80 

H-7±3. 0 

No.  35 

+3±4. 0 

Average 

77 

78 

Sugar  beets,  alfalfa  (2  years),  oats.. 

Alfalfa  (2  years),  potatoes,  oats 

Alfalfa  (2  years),  sugar  beets,  oats... 

Alfalfa  rotations    (compared 
with  untreated  rotations): 
No.  42 

87 
81 
90 

91 
92 
98 

+12±5  0 

No.  44 

+18±2.  6 

No.  46 

+19±5.8 

Average 

86 

94 

Sugar  beets,  alfalfa  (3  years),  pota- 
toes, oats. 

Alfalfa   (3    years),  potatoes,   sugar 
beets,  oats. 

No.  60 

92 
89 

100 
94 

+31±4. 8 

No.  64      ... 

+17±4.8 

Average 

90 

97 

Sugar  beets  (manured),  alfalfa  (3 
years),  potatoes,  oats. 

Manure  and  alfalfa  rotation 
(compared  with  untreated 
rotations): 
No.  61 

94 

100 

+31  ±5. 1 
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Rotation  27  may  be  considered  as  one  receiving  special  treatment, 
as  rye  is  seeded  in  the  oat  stubble  in  the  fall  and  is  plowed  under 
in  the  spring  just  preceding  the  preparation  of  the  land  for  the  po- 
tato  crop.  Yields  obtained  from  this  rotation  are  less  than  those 
from  rotation  24,  which  is  the  same  except  for  the  rye;  this  indicates 
that  this  practice  has  not  proved  beneficial  in  its  effect  on  oat 
yields. 

The  mean  yield  of  oats  in  the  continuously  cropped  plots  for  the 
last  six  years  is  less  than  for  the  entire  period.  Yields  from  oats 
in  the  2-year  and  3-year  rotations  are  nearly  the  same  for  the  last 
six  years  as  for  the  15-year  period,  but  for  both  periods  they  are 
notably  higher  than  the  yields  of  continuously  cropped  plots.  The 
yields  from  the  two  3-year  rotations  receiving  applications  of  manure 
are  higher  than  those  from  similar  rotations  receiving  no  treatment. 
The  mean  yield  of  oats  only  one  crop  removed  from  an  application 
of  manure  in  rotations  23  and  25,  particularly  for  the  last  6-year 
period,  is  significantly  higher  than  the  yields  from  rotations  31  and 
35,  which  are  two  crops  removed  from  the  manurial  treatment. 

Even  greater  beneficial  effects  on  the  yields  of  oats  are  to  be  noted 
where  alfalfa  is  incorporated  as  one  of  the  series  in  a  rotation  with 
this  crop.  In  the  rotations  where  alfalfa  is  included  the  yields  of 
oats  are  significantly  greater  than  in  any  of  the  others,  even  including 
those  receiving  an  application  of  stable  manure.  Rotation  61, 
which  has  three  years  of  alfalfa  and  an  application  of  manure  during 
its  cycle,  has  produced  the  highest  average  yield  both  for  the  15-year 
and  the  6-year  periods,  indicating  the  beneficial  effects  of  this  treat- 
ment on  the  yield  of  oats. 

Not  only  has  continuous  cropping  of  oats  produced  the  lowest 
yield  but  the  tendency  is  for  the  yields  to  be  less  as  the  practice  is 
continued,  as  is  indicated  when  the  yields  for  the  last  six  years  are 
compared  with  those  for  the  entire  period.  Untreated  2-year  and 
3-year  rotations  have  produced  definitely  higher  yields,  but  are  barely 
sustaining  these  yields.  The  value  of  stable  manure  is  apparent  and, 
as  is  natural  to  expect,  is  more  evident  when  applied  once  in  two 
years  than  when  applied  every  third  year,  with  the  application  two 
crops  removed  from  the  oat  crop.  The  value  of  alfalfa  as  a  crop  to 
be  used  in  a  rotation  with  oats  is  apparent  if  relatively  high  yields 
are  to  be  expected.  Slightly  increased  yields  of  oats,  brought  about 
by  an  application  of  manure  in  an  alfalfa  rotation,  are  indicated,  but 
these  can  hardly  be  considered  of  importance,  particularly  when  they 
are  compared  with  other  increases. 

Oat  yields  following  wheat  in  rotation  28  have  been  but  little  better 
than  those  obtained  from  the  continuously  cropped  plots.  In  rota- 
tions 16  and  32,  where  corn  is  the  crop  immediately  preceding  the 
oats,  yields  have  been  more  satisfactory  but  are  not  equal  to  those 
resulting  from  rotations  where  either  sugar  beets  or  potatoes  were 
the  preceding  crop. 

YIELDS  OF  SUGAR  BEETS 

The  average  annual  yields  of  sugar  beets  for  the  15-year  and  the 
last  6-year  period  are  given  in  Table  11.  The  lowest  mean  yield  for 
both  periods  is  from  the  two  continuously  cropped  plots,  which  for 
the  6-year  period  is  notably  lower  than  the  mean  for  even  the  2-year 
and  3-year  untreated  rotations,  which  are  next  lowest  in  order. 


IRRIGATED   CROP  ROTATIONS  IN   MONTANA 


21 


Table  11. — Average  annual  acre  yields  of  sugar  beets  grown  continuously  on  the 
same  land  compared  with  yields  obtained  when  the  crop  is  grown  in  simple 
rotations  and  showing  the  effect  of  manure  and  of  alfalfa,  at  the  Huntley  Field 
Station,  1912-1926 


Crops  In  the  rotation 

Average  annual  yields  of  sugar 
beets  (tons) 

Rotation 

Actual 

Increase  (-f )  or  decrease 
(-)  as  compared 

1912- 
1928 

mi- 

1926 

1912-1926 

1921-1928 

Continuous  cropping: 

No.  2 

Sugar  beets 

8.8 
9.2 

9.7 

7.7 

8.7 

No  2-a 

-0.5±0.46 

+3.6db  .46 

+.9db  .56 

-.8±  .39 
-f.8±  .52 
+2.3±  .80 

+2.8d=.42 
-f3.5±  .63 

+4.3±  .44 
+2. 7±  .  70 

-.3±  .48 

+  .8db  .65 
+1.1±.77 

+4.5±  .61 
H-1.6±  .67 

-f7.0±  .40 

9.0 

Wheat,  sugar  beets                    .  . 

Untreated    rotations     (com- 
pared     with      continuous 
cropping): 

8.3 
12.3 
9.7 

8.0 
13.6 
8.3 

-I.7it0.39 

No.  20 

Potatoes,  sugar  beets 

+8.9±  .60 

No  22 

Oats,  sugar  beets 

-1.4±  .41 

10.1 

10.0 

Potatoes,  oats,  sugar  beets.. 

No.  30 

8.0 
9.6 
11.5 

9.0 
11.8 
11.4 

-.7±  .46 

No.  32    

Corn,  oats,  sugar  beets.  

+2.1±  .68 

No  34 

Oats,  potatoes,  sugar  beets 

+3.6d=  .86 

Average 

9.7 

10.7 

Potatoes  (manured),  sugar  beets 

Oats,  sugar  beets  (manured) 

Manured     rotations     (com- 
pared with  untreated  rota- 
tions): 
No,  21      

15.1 
13.2 

18.1 
14.8 

+4.5±  .59 

No.  23 

-|-6.6=fc  .99 

Average. 

14.2 

16.5 

Potatoes,   oats,    sugar   beets    (ma- 
nured). 

Oats,    potatoes    (manured),    sugar 
beets. 

No.  31 

No.  35 

12.3 
14.2 

15.2 
16.5 

+6.2±  .88 
+5. 1±  .  69 

Average 

13.3 

15.9 

Alfalfa   (2  years),   potatoes,   sugar 

beets. 
Alfalfa  (2  years),  oats,  sugar  beets... 
Oats,  alfalfa  (2  years),  sugar  beets... 

Alfalfa   rotations    (compared 
with  untreated  rotations): 
No.  40 

12.0 

10.5 
10.8 

13.4 

11.8 
11.9 

-.2±  .64 

Nx).  42 

+3.5±1.07 

No.  46 

-i-3.6d=1.08 

11.1 

12.4 

Alfalfa    (3   years),    potatoes,   oats, 

sugar  beets. 
Oats,    alfalfa    (3   years),    potatoes, 

sugar  beets. 

No.  60 

12.5 
13.1 

16.3 
15.3 

-f6.3±  .72 

No.  64 

•f3.9±  .28 

Average 

12.8 

15.3 

Alfalfa    (3   years),    potatoes,    oats, 
sugar  beets  (manured). 

Manure  and  alfalfa  rotation 
(compared  with  untreated 
rotations): 
No.  61      

16.0 

17.9 

-i-&o=ki.oa 

In  the  case  of  the  three  2-year  rotations  the  mean  yield  for  the 
6-year  period  is  very  slightly  less  than  that  for  the  entire  period,  in- 
dicating that  up  to  this  time  a  2-year  rotation  has  been  hardly  able 
to  maintain  yields.  In  the  case  of  the  3-year  rotations  the  increase 
for  the  last  six  years  over  the  entire  period  is  1  ton  per  acre.     Aside 
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from  rotation  61,  the  most  notable  increase  occurs  in  the  2-year  and 
3-year  rotations,  where  manure  is  applied.  In  the  two  2-year  rota- 
tions the  mean  increase  in  acre  yield  for  the  last  6-year  period  is  2.3 
tons  and  in  the  two  3-year  rotations  the  mean  increase  is  2.6  tons. 
This  emphasizes  strikingly  the  value  of  manure  not  only  in  maintain- 
ing but  also  in  increasing  the  yields  of  sugar  beets  in  the  Huntley  area. 

Alfalfa  in  4-year  and  6-year  rotations  not  only  has  maintained  the 
acre  yields  for  the  15-year  period  slightly  more  than  3  tons  above  the 
2-year  and  3-year  untreated  rotations,  but  for  the  last  six  years  the 
mean  increase  over  the  average  yield  for  the  entire  period  has  been 
1.3  tons  in  the  4-year  rotation  where  alfalfa  appears  two  years  and 
2.5  tons  increase  in  the  two  6-year  rotations  where  alfalfa  is  grown 
three  years  out  of  the  six.  The  beneficial  effects  of  alfalfa  on  the 
yield  of  sugar  beets  is  thus  obvious,  although  the  results  do  not  ap- 
pear to  be  quite  as  immediate  and  as  effective  as  an  application  of  12 
tons  of  manure  in  either  2-year  or  3-year  rotations. 

Rotation  21  has  produced  the  highest  average  yields  in  both  the 
15-year  and  the  6-year  periods.  The  acre  yield  for  the  last  six  years 
in  this  rotation  was  18.1  tons,  which  was  an  increase  of  3  tons  above 
that  for  the  total  period.  In  this  rotation  sugar  beets  follow  potatoes 
(manured).  The  next  highest  yield  is  from  rotation  61,  which  in- 
cludes three  years  of  alfalfa  followed  by  potatoes,  oats,  and  beets 
(manured).  The  average  acre  yield  in  this  rotation  for  the  last  six 
years  was  17.9  tons,  an  increase  of  2.9  tons  over  the  yield  for  the  15- 
year  period.  Not  only  are  these  yields  relatively  high  but  it  would 
appear  that  the  full  possibilities  of  this  treatment  have  not  yet 
been  exhausted. 

In  connection  with  observing  the  effect  of  different  treatments  and 
crop  sequences  on  the  yields  of  sugar  beets,  it  is  particularly  pertinent 
to  note  the  adverse  effect  on  the  yield  of  sugar  beets  in  untreated 
rotations  directly  following  oats  and  wheat  for  both  the  entire  period 
and  the  last  6-year  period.  The  average  acre  yield  of  sugar  beets 
from  rotations  18,  22,  30,  and  32  for  15  years  is  8.9  tons  and  for  the 
last  6  years  9.3  tons,  which  in  the  former  case  is  0.1  of  a  ton  less  and 
in  the  latter  instance  only  0.6  of  a  ton  more  than  the  mean  for  the 
continuously  cropped  plots.  From  these  results  it  is  evident  that 
both  oats  and  wheat  immediately  preceding  sugar  beets  in  rotations 
without  alfalfa  have  an  effect  on  the  soil  detrimental  to  high 
productivity. 

In  comparing  rotation  30  with  rotation  34,  in  which  the  crops  are 
the  same  but  in  which  the  crop  sequence  is  different,  it  will  be  ob- 
served that  beets  in  the  latter  rotation  produced  for  the  15-year 
period  an  average  yield  of  3.5  tons  higher  than  the  yield  in  rotation 
30,  which  is  further  indication  that  a  crop  sequence  in  which  beets 
follow  potatoes  is  much  more  desirable  than  one  in  which  beets 
follow  oats.^ 

YIELDS  OF  POTATOES 

The  average  annual  yields  of  potatoes  from  1912  to  1926  and  for 
the  last  six  years,  grouped  according  to  treatment  given  and  crop  se- 
quences, are  given  in  Table  12.  The  lowest  yield  is  from  rotation  27, 
where  potatoes  appear  in  a  rotation  with  oats,  the  oats  followed  by 
rye,  and  the  rye  plowed  under  just  before  preparing  the  land  for  the 

•  For  a  more  detailed  discussion  of  sugar  beets,  see  the  following  publication:  Savage,  D.  A.,  and 
Powers,  L.  experiments  with  sugar  beets  at  the  huntley  branch  station.  Mont.  Agr.  Expt. 
Sta.  Bui.  215,  31  p.,  illus.    1928. 
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potato  crop.  This  has  proved  to  be  a  very  undesirable  rotation  for 
potatoes,  largely  owing  to  the  difficulty  of  properly  preparing  the 
land  for  potatoes  where  spring  plowing  is  practiced  on  this  heavy  soil 
and  where  a  green-manure  crop  like  rye  is  plowed  under  immediately 
preceding  the  preparation  of  the  land  and  the  planting  of  the  potatoes. 
The  experience  obtained  at  the  Huntley  station  indicates  that  this  is 
a  very  undesirable  practice,  proving  to  have  an  effect  on  yields  even 
more  adverse  than  continuous  cropping. 

Table  12. — Average  annual  acre  yields  of  potatoes  grown  continuously  on  the  same 
land  compared  with  yields  obtained  when  the  crop  is  grown  in  simple  rotations 
and  showing  the  effect  of  manure  and  of  alfalfa,  at  the  Huntley  Field  Station, 
1912-1926 


Crops  in  the  rotation 

Average  annual  yields  of  potatoes 
(bushels) 

Rotation 

Actual 

Increase  (+)  or  decrease 
(-)  as  compared 

1912- 
1926 

1921- 
1926 

1912-1926 

1921-1926 

Continuous  cropping: 

No.  4 

Potatoes.... 

154 

199 

125 
179 

No.  4-a 

do               

+66=hl0. 1 
+53±  6. 2 
+37±  8.3 

-57±10.  2 

+30±  7. 5 
-f  65±  8. 7 

+22±  8. 9 
+116±10. 6 

-6±  6. 6 
+37dbll.  3 

-f48±13.2 
-5±14. 0 

+105±11.1 
-f29±14.0 

-fl28d=11.4 

Average  

177 

152 

Sugar  beets,  potatoes 

Untreated    rotations     (com- 
pared with  continuous  crop- 
ping): 
No.  20 

220 
207 
191 

175 
158 
137 

-f  50±16. 3 

No.  24    ..  _ 

Oats,  potatoes 

-f33=fc  9.4 

No.  26 

Corn.-potatoes 

+12±  7.9 

Average 

206 

157 

Oats  (rye),  potatoes 

No.  27 

97 

102 

-23±13. 7 

Oats,  sugar  beets,  potatoes 

No.  30 

184 
264 

169 
249 

+44±12.0 

No.  34 

Sugar  beets,  oats,  potatoes 

+70±18. 9 

Average 

224 

209 

Sugar  beets,  potatoes  (manured) 

Oats,  potatoes  (manured) 

Manured  rotations  (compared 
with  untreated  rotations) : 

No.  21 

No.  25 

242 
323 

218 
290 

+43=bl9. 2 
+132±18.2 

Average 

283 

254 

Oats,  sugar  beets  (manured),  pota- 
toes. 

Sugar   beets,  oats   (manured),  po- 
tatoes. 

No.  31 

178 
301 

167 
324 

— 2±12. 1 

No.  35 

-|-75±10. 5 

Average  . 

240 

246 

Sugar  beets,  alfalfa  (2  years),  pota- 
toes. 
Oats,  alfalfa  (2  years),  potatoes 

Alfalfa  rotations   (compared 
with  untreated  rotations): 
No.  40 

268 
202 

289 
211 

+114:t2a0 

No.  44    

+53±10L  5 

Average 

235 

250 

Oats,  sugar  beets,  alfalfa  (3  years), 

potatoes. 
Sugar  beets,  oats,  alfalfa  (3  years), 

potatoes. 

No.  60 

289 
293 

285 
300 

+116d=16.0 

No.  64 

+51±22.8 

Average 

291 

293 

Oats,  sugar  beets  (manured),  alfalfa 
(3  years),  potatoes. 

Manure  and  alfalfa  rotation 
(compared  with  untreated 
rotations): 
No.  61 

312 

317 

+148d:  8.2 
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The  next  lowest  yield  is  from  the  plots  continuously  cropped  to 
potatoes.  Not  only  is  the  mean  average  yield  relatively  low,  but  by 
comparing  the  last  6-year  mean  with  the  mean  from  1912  to  1926  it  is 
found  that  there  is  a  marked  tendency  for  the  yields  to  decrease, 
the  difference  between  the  yield  for  the  complete  period  and  that  for 
the  last  six  years  being  about  25  bushels  per  acre.  Disease,  including 
scab  and  blight,  has  been  a  factor  in  adversely  affecting  yields  on  the 
continuously  cropped  plots  and  in  some  of  the  2-year  rotations  in 
recent  years.  While  the  scab  disease  is  not  always  serious,  it  does 
occur  to  some  extent  in  most  seasons,  especially  on  the  plots  con- 
tinuously cropped,  and  the  percentage  of  marketable  tubers  is  fre- 
quently materially  reduced. 

Following  the  yield  of  the  continuously  cropped  plots  is  the  mean 
yield  from  the  three  2-year  rotations,  Nos.  20,  24,  and  26.  While  the 
mean  yield  for  both  periods  is  somewhat  higher  than  the  mean  yield 
from  the  continuously  cropped  plots,  yet  the  same  marked  tendency 
exists  for  the  yields  to  be  reduced  the  longer  these  rotations  are  con- 
tinued, as  is  indicated  when  the  two  periods  are  compared.  Evidently 
not  only  are  relatively  low  yields  to  be  expected  from  potatoes  when 
grown  in  an  untreated  2-year  rotation  with  sugar  beets,  oats,  and 
corn,  but  the  yields  may  be  expected  to  decrease  progressively  the 
longer  such  practices  are  in  effect. 

Somewhat  higher  yields  have  resulted  from  the  3-year  rotations, 
and  the  difference  between  the  yields  for  the  entire  period  and  for 
the  last  six  years  is  less  than  either  the  mean  yield  of  the  continuously 
cropped  or  the  mean  yield  of  the  2-year  rotations,  indicating  that  the 
productivity  of  the  land  is  better  sustained  in  3-year  untreated  rota- 
tions than  is  the  case  in  somewhat  similar  2-year  rotations.  In  rota- 
tion 34,  where  potatoes  are  grown  in  a  3-year  rotation  with  sugar 
beets  and  oats,  the  yields  of  potatoes  are  significantly  higher  where 
potatoes  follow  oats  than  is  the  case  from  rotation  30,  which  is  similar 
to  rotation  34  as  to  crops,  but  sugar  beets  is  the  preceding  crop. 

The  beneficial  effects  on  the  yield  of  potatoes  of  manure  applied 
in  2-year  and  3-year  rotations  is  evident  when  the  average  of  the  mean 
yields  from  rotations  21  and  25  and  31  and  35  are  compared  with  the 
yields  of  untreated  rotations.  These  results  indicate  that  manure 
applied  once  each  cycle  directly  preceding  the  potato  crop  in  a  2-year 
rotation  with  either  sugar  beets  or  oats  results  in  relatively  high  yields, 
but  may  be  more  frequent  than  is  desirable  to  obtain  the  most  practical 
results.  In  2-year  rotations  disease  has  also  been  a  factor  and  has 
been  less  noticeable  in  rotations  of  three  or  more  years. 

The  apparently  favorable  effects  of  an  oat  crop  immediately  pre- 
ceding potatoes  on  the  yield  of  this  crop  are  well  illustrated  in  rota- 
tions 25  and  35  as  compared  with  rotations  21  and  31,  where  the  crop 
immediately  preceding  potatoes  is  sugar  beets.  The  mean  average 
acre  yield  for  the  two  former  rotations  is  312  bushels  for  the  entire 
period  and  307  bushels  for  the  last  six  years.  On  the  other  hand, 
rotations  21  and  31  have  produced  a  mean  acre  yield  of  210  and  192 
bushels,  respectively,  for  the  same  periods. 

If  When  oats  has  been  the  preceding  crop,  the  use  of  two  years  of 
alfalfa  has  not  been  as  effective  as  manure  in  promoting  high  pro- 
ductivity as  far  as  potatoes  are  concerned,  although  the  yields  indicate 
that  the  full  benefits  of  this  rotation  have  not  yet  been  realized,  par- 
ticularly in  4-year  rotations  40  and  44,  where  alfalfa  is  grown  two 
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years  during  the  cycle.  The  beneficial  effects  of  an  additional  year 
of  alfalfa  are  strikingly  illustrated  when  the  average  yields  of  rotations 
40  and  44  are  compared  with  the  average  of  rotations  60  and  64. 

Consistently  high  average  yields  have  occurred  from  rotation  64 
for  both  periods.  Not  only  are  the  average  yields  high  for  the  15-year 
period  but  apparently  the  full  beneficial  effects  of  this  rotation  have 
not  yet  been  reached. 

YIELDS  OF  ALFALFA 

While  alfalfa  in  point  of  acreage  is  one  of  the  major  crops  under 
cultivation  on  the  Huntley  project  and  an  important  source  of  forage 
supply  for  the  farmers,  its  chief  value  here  as  well  as  on  similar  proj- 
ects is  in  sustaining  and  increasing  productivity  of  the  soil  for  other 
crops  when  incorporated  in  a  well-balanced  rotation.  Therefore, 
the  summary  of  the  detailed  yields  of  alfalfa  as  recorded  in  Table  7 
are  not  given,  as  it  was  not  included  in  the  rotation  program  to 
determine  the  effect  of  varying  crop  sequences  and  treatments  on 
the  yield  of  this  crop,  but  rather  to  measure  its  influence  on  the 
yields  of  other  crops  with  which  it  is  associated. 

Where  proper  attention  is  given  the  alfalfa,  the  stand  may  be 
maintained  after  it  has  become  well  established.  Yields  are  usually 
at  least  sustained  if  not  increased  over  a  long  period,  and  only  to  a 
minor  extent  can  the  differences  in  yields  of  the  crop  in  the  various 
rotations  be  attributed  to  rotational  influences.  This  is  evidenced 
when  the  mean  acre  yield,  4.64  tons,  of  the  continuously  cropped 
plots  is  compared  with  the  last  6-year  mean  acre  yield  of  4.72  tons. 
At  times  there  is  a  tendency  for  the  yield  of  alfalfa  on  land  continu- 
ously devoted  to  this  crop  to  decline  after  several  years,  but  there 
is  no  evidence  that  this  is  a  question  of  productivity,  but  rather  it  is 
attributed  to  a  reduction  of  stand  caused  not  infrequently  by  excessive 
weed  growth  or  winterkilling. 

The  highest  mean  acre  yield  for  the  15-year  period  as  given  in  Table 
7  is  5.63  tons  from  rotation  61.  This  is  nearly  1  ton  per  acre  more 
than  the  mean  for  the  two  continuously  cropped  plots  for  the  same 
period.  Other  rotations  have  indicated  lesser  mcreases.  In  the  con- 
tinuously cropped  plots  injury  to  the  stand  by  winterkilling  has 
occurred,  weed  growth  has  at  times  been  troublesome,  and  difficulties 
have  arisen  in  connection  with  an  uneven  accumulation  of  soil  depos- 
ited by  irrigation  water  and  by  wind,  resulting  in  difficulties  in 
uniform  irrigation.  All  of  these  at  various  times  have  operated  to 
affect  adversely  the  yields  on  these  plots,  but  naturally  have  not 
been  important  factors  on  the  plots  kept  in  alfalfa  only  two  or  three 
years. 

The  third-year  alfalfa  in  rotations  67  and  69  is  pastured  by  hogs. 
In  addition  to  obtaining  information  as  to  the  value  of  this  crop  when 
utilized  in  this  manner,  the  effect  of  this  treatment  on  other  crops  in 
the  rotation  is  also  determined.  In  both  of  these  rotations  corn 
follows  alfalfa,  and  this  crop  is  also  pastured.  The  cumulative  bene- 
ficial effect  on  the  land  after  pasturing  by  hogs  for  two  years  is  indi- 
cated in  the  high  yields  of  oats  in  rotation  69  and  of  sugar  beets  and 
flax  in  rotation  67,  as  given  in  Tables  1,  2,  and  6,  respectively. 


26        TECHNICA.L  BULLETIN    144,  U.  S.  DEPT.  OF    A.GRICULTURE 


YIELDS  OF  WHEAT 

Wheat  is  a  crop  of  some  importance  in  the  Huntley  area  and  is 
included  to  a  limited  extent  in  the  rotation  experiments,  although 
oats  is  largely  used  for  the  cereal  crop.  Oats  was  used  mainly  for 
the  sake  of  uniformity  in  order  that  the  results  at  Huntley  might  be 
comparable  with  similar  experiments  at  other  stations  and  not  with 
the  thought  that  it  might  be  more  profitable  than  wheat.     (Table  13.) 

Table  13. — Average  annual  acre  yields  of  wheat  grown  continuously  on  the  same 
land  compared  with  yields  obtained  when  the  crop  is  grown  in  simple  rotations 
at  the  Huntley  Field  Station,  1912-1926 


Crops  in  the  rotation 

Average  annual  yields  of  wheat 
(bushels) 

Rotation 

Actual 

Increase  (+)  or  decrease 
(-)  as  compared 

1912- 
1926 

1921- 
1926 

1912- 
1926 

1921- 
1926 

Continuous  cropping: 

No.  3  .-            

22 

28 
26 

34 
21 

18 
21 
17 

34 
20 

No.  6 

do 

No.  7 

Spring  wheat  (straw  returned) 

Sugar  beets,  wheat 

Untreated    rotations    (com- 
pared with  continuous  crop- 

"■Sfo^i",.?!: 

+12±2. 0 
-  1±1.3 

+16±3.2 

No.  28 

Oats,  wheat 

4-  2±1.7 

Although  cereals  do  not  necessarily  have  an  important  cash  value 
in  communities  similar  to  the  Huntley  area,  they  often  prove  to  be 
desirable  crops  in  the  general  plan  of  rotation  and  diversification  and 
are  logically  included  among  those  in  many  farm  cropping  programs, 
particularly  where  livestock  is  kept,  thereby  permitting  the  farms 
to  become  more  nearly  self-supporting.  So  far  as  the  influence  on 
the  yields  of  succeeding  crops  is  concerned,  there  appears  to  be  but 
little  difference  between  wheat  and  oats. 

In  considering  the  yields  of  continuously  cropped  plots  of  rotations 
3  and  5,  there  was  found  to  be  a  definite  downward  trend  of  the 
yields  the  longer  they  were  continued.  The  acre  yield  for  the  last 
six  years  of  rotation  3  was  4  bushels  less  and  in  rotation  5  it  was 
7  bushels  less  than  for  the  complete  period.  Rotation  7  was  con- 
tinuously cropped,  but  the  straw  was  returned.  This  practice,  when 
the  decline  of  yield  is  considered,  proved  even  less  satisfactory  than 
the  yields  from  the  two  continuously  cropped  but  with  no  special 
treatment. 

A  2-year  simple  rotation  with  sugar  beets  (No.  18)  produced  the 
highest  yields  for  both  periods,  indicating  that  sugar  beets  thus  far 
have  not  had  an  unfavorable  effect  on  the  yields  of  wheat,  which 
apparently  can  not  be  said  of  the  effect  of  wheat  on  the  yields  of 
sugar  beets. 

No  appreciable  beneficial  effects  are  apparent  in  the  yield  of 
wheat  in  a  2-year  rotation  with  oats  when  compared  with  wheat 
continuously  grown.  Such  variation  as  does  occur  indicates  that 
yields  may  be  maintained  at  a  slightly  higher  level  in  this  relation 
than  would  be  the  case  were  wheat  grown  continuously  on  the 
same  land. 
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,  In  both  the  continuously  cropped  plots  and  the  plot  in  which 
wheat  alternates  with  oats  in  a  2-year  rotation  a  large  amount  of 
wild  oats  has  appeared  each  season  and  has  materially  decreased  the 
yield  of  wheat  on  these  plots. 

YIELDS  OF  CORN 

Corn  is  not  extensively  grown  under  irrigation  on  the  Huntley 
and  surrounding  areas.  This  is  partly  due  to  the  distance  from 
the  centers  of  consumption  and  partly  because  of  the  moderate 
yields  obtained.  It  has  not  been  able  to  compete  successfully  with 
such  cash  crops  as  sugar  beets.  On  certain  farm  units  the  crop 
•serves  a  useful  purpose  when  produced  largely  for  consumption  on 
the  farms  as  an  essential  feed  to  certain  kinds  of  livestock. 

The  average  yield  of  corn  in  the  five  rotations  where  it  appears 
is  given  in  Table  14.  Continuously  cropped  plots  6  and  6-a  have  a 
tendency  to  produce  lower  yields  the  longer  these  rotations  are  con- 
tinued, as  is  evidenced  by  comparing  the  total  with  the  last  6-year 
average.  On  the  other  hand,  when  the  crop  is  grown  in  a  rotation 
with  other  crops  the  two  periods  compared  indicate  that  up  to  the 
present  time  yields  are  being  slightly  more  than  maintained.  The 
most  satisfactory  yields  for  both  periods  as  well  as  the  largest  increase 
in  both  periods  are  from  the  2-year  untreated  rotation  26,  where 
potatoes  is  the  companion  crop.  Corn  preceded  by  oats  in  a  2-year 
rotation  has  not  produced  as  well  in  either  rotations  26  or  the  3-year 
rotation  32,  which  includes  oats  and  sugar  beets  but  where  the  corn 
follows  the  sugar  beets.  The  results  are  comparable  with  those 
obtained  from  sugar  beets  where  this  crop  follows  oats  in  untreated 
rotations,  although  less  definite. 

Table  14. — Average  annual  acre  yields  of  corn  grown  continuously  on  the  same 
land  compared  with  yields  obtained  when  the  crop  is  grown  in  simple  rotations, 
at  the  Huntley  Field  Station,  1912-1926 


Crops  in  the  rotation 

Average  annual  yields  of  corn 
(bushels) 

Rotation 

Actual 

Increase  as  compared 

1912- 
1926 

1921- 
1926 

1912-1926 

1921-1926 

•Continuous  cropping: 

No.  6 

Corn 

28 
41 

37 

•    46 

41 

24 
38 

38 
60 
44 

No.  6-a 

do 

Untreated    rotations    (com- 
pared     with     continuous 

"?F„':'fl..'!°:.!'.L._ 

Oats,  corn...         .  .  .....  . 

9=bl.5 
18d=1.6 
13±1.4 

14±2. 2 

No.  26 

Potatoes,  corn 

26±1.7 

No.  32 

Oats,  sugar  beets,  com . 

20dbl.6 

In  addition  to  the  rotations  listed  in  Table  14,  corn  was  also 
included  in  rotations  67  and  69.  In  both  these  rotations  the  corn 
is  pastured  by  hogs,  and  definite  yields  were  not  obtained,  although 
estimated  yields  were  determined  by  harvesting  each  year  the  product 
from  a  certain  percentage  of  the  plants  in  each  case.  These  yield 
estimates  indicated  that  the  yield  was  much  higher  in  these  rotations 
than  in  any  of  those  listed  in  Table  14.  In  both  rotations  67  and  69 
corn  follows  the  third-year  alfalfa,  which  is  also  pastured  by  hogs. 
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In  the  former  rotation  com  is  grown  one  year  and  in  the  latter  two 
years.  The  fact  that  corn  follows  alfalfa  hogged  and  corn  hogged 
is  no  doubt  responsible  for  the  increased  yields  in  these  rotations. 
In  rotation  69  rape  is  seeded  in  the  corn  following  the  last  cultivation. 
Hogging  off  corn  has  been  found  to  be  a  profitable  and  desirable 
method  of  harvesting  this  crop.^ 

COMPARATIVE  VALUE  OF  THE  DIFFERENT  ROTATIONS 

The  effects  on  the  yields  of  several  crops  for  the  15-3^ear  period 
when  various  rotational  and  other  treatments  have  been  in  effect 
have  been  given  in  the  preceding  pages,  but  no  attempt  has  been 
made  to  ascertain  the  comparative  merits  of  the  different  rotations 
as  a  whole  by  obtaining  an  estimate  of  the  gross  returns  and  deducting 
therefrom  reasonable  production  costs.  Large  yields  are  highly 
desirable,  but  of  equal  importance  are  the  expenses  incurred  in 
obtaining  these  yields.  It  is  obvious  that  such  an  intensive  cropping 
program  might  be  adopted  whereby  the  soil-improvement  crops  and 
treatments  applied  were  a  sufficient  liability  on  the  major  cash 
crops  included  that  the  combined  expenses  incurred  more  than  offset 
the  benefits  derived  and  would  not  prove  to  be  as  profitable  as  others 
receiving  less  intensive  treatment  and  where  the  crop  yields  were 
somewhat  less. 

It  is  of  practical  value  to  determine  whether  manure  can  be 
applied  more  profitably  once  in  three  years  rather  than  in  alternate 
years.  Considering  the  relatively  low  crop  value  of  alfalfa,  together 
with  the  initial  high  first-year  cost  of  seed  and  seeding  with  low  yield, 
it  is  possible  to  ascertain  whether  this  crop  should  be  in  a  rotation  for 
a  2-year  or  a  3-year  period.  Information  is  obtained  as  to  the  com- 
parative values  of  rotations  with  alfalfa  or  the  same  major  crops 
included  without  alfalfa  but  with  manure  applied  to  maintain  the 
soil  productivity.  Information  can  be  obtained  as  to  the  desirability 
of  an  application  of  manure  in  a  6-year  rotation  with  alfalfa.  Thus 
it  appears  that  the  full  value  of  such  investigations  can  not  be  deter- 
mined without  arriving  at  the  average  estimated  net  returns  per  acre, 
permitting  comparisons  to  be  made  between  the  different  cropping 
systems. 

The  comparative  crop  values  of  the  different  rotations  are  given  in 
Table  15.  The  production  costs  of  each  crop  were  determined  by 
using  for  the  cultural  operations  a  figure  often  fixed  in  the  community, 
such,  for  instance,  as  contract  labor  and  the  hauling  of  sugar  beets, 
harvesting  grain,  plowing,  taxes,  and  irrigation  water.  Other  items 
of  expense,  such  as  disking,  harrowing,  cultivating,  and  harvesting 
alfalfa,  were  estimated,  based  partly  upon  experience  in  performing 
these  operations  at  the  station  as  well  as  on  observations  made  among 
farmers  on  the  project.  The  cost  of  applying  manure  was  estimated 
to  be  $8  per  acre.  The  unit  value  of  the  different  crops  is  believed 
to  be  not  far  from  the  average  value  of  these  crops  for  the  last  five 
years  and  is  as  follows:  Alfalfa,  $8.50  per  ton;  corn,  $0.90  per  bushel; 

Eotatoes,  $0.60  per  bushel;  wheat,  $1.08  per  bushel;  oats,  $0.48  per 
ushel,  and  sugar  beets,  $8  per  ton.     In  determining  the  gross  returns 

^  The  results  of  pasturing  corn  with  hogs  are  given  in  the  following  publications: 

Hansen,  D.    growing  corn  on  irrigated  land.    Mont.  Agr.  Expt.  Sta.  Bui.  193,  16  p.,  illus.    1926. 

WORK  OF  THE  HUNTLEY  FIELD  STATION  IN  1923  AND  1924.     U.  S.  Dept.  Agr.  CirC.  369,  42  p.,  iUuS. 

1926. 
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Eer  acre  the  yields  for  the  last  6-year  periods  were  used,  as  it  is 
elieved  they  more  nearly  represent  the  cumulative  rotational  eflfects. 
It  is  not  even  implied  that  the  values  are  in  any  way  actual,  owing  to 
the  wide  differences  in  production  costs  on  individual  farms  and  the 
fluctuation  in  the  market  prices  of  the  crops.  For  comparative 
purposes  thev  are  accurate  in  that  unit  values  are  the  same  through- 
out and  production  costs,  though  estimated,  are  standardized  on  all 
rotations. 

Table  15. — Comparative  per  acre  value  of  the  different  rotations 


Rota- 

Uon 

No. 

Crop  sequence 

Rela- 
tive 
value! 

Rota- 
tion 
No. 

Crop  sequence 

Rela- 
tive 
value* 

21 

Potatoes,  sugar  beets  (manure) 

Potatoes,  sugar  beets,  oats  (manure) 
Oats  (manure),  potatoes. 

$40.80 
38.68 
24.81 

24.64 
21.26 

21.25 

21.18  ' 
20.91  . 

19.82 : 

19.48  1 
15.39  1 
11.65 

8 

46 

42 

44 

30 

18 

26 

22 

2 

24 

6 

4 

3 

28 
1 

Alfalfa  continuously.. 

$ia02 

35 

25 

Alfalfa  (2  years),  sugar  beets,  oats... 

Oats,  sugar  beets,  alfalfa  (2  years) 

Potatoes,  oats,  alfalfa  (2  years) 

Potatoes,  oats,  sugar  beets.  .  . 

9.69 
6.69 

61 

Potatoes,     oats    (manure),    sugar 
beets,  alfalfa  (3  years). 

6.60 
3.08 

23 

Oats  (manure),  sugar  beets 

Wheat,  sugar  beets 

3.01 

40 

"Potatoes,    sugar    beets,    alfalfa    (2 
years) 

2.60 

Oats,  sugar  beets .......  ... 

1.85 

64 

Alfalfa  (2    years),  potatoes,  sugar 
beets,  oats 

Sugar  beets  continuously 

1.70 

Oats,  potatoes .. .. 

1.40 

20 

Potatoes,  sugar  beets 

Corn  continuously 

-L90 

60 

Potatoes,  oats,  sugar  beets,  alfalfa 
(3  years)    .  .              .         . 

Potatoes  continuously 

-2.33 

Wheat  continuously    . 

-8.21 

34 

Potatoes,  sugar  beets,  oats 

Wheat,  oats 

-8.63 

31 

Potatoes  oats  (manure),  sugar  beets. 
Corn,  oato,  sugar  beets 

Oats  continuously 

—11.41 

32 

1  The  minus  (— )  sign  indicates  loss. 

The  four  rotations  indicating  the  highest  net  acre  value  are  those 
receiving  a  treatment  of  stable  manure.  The  one  having  the  highest 
value,  $40.80,  is  a  2-year  rotation  (21)  of  potatoes  and  sugar  beets, 
with  manure  applied  prior  to  the  potato  crop.  Closely  following  this 
rotation  is  No.  35,  which  is  similar,  except  that  an  oat  crop  is  inserted 
after  sugar  beets.  The  value  of  manure  applied  in  a  rotation  is 
clearly  evident.  The  only  crops  continuously  grown  on  the  same 
land  which  do  not  indicate  a  loss  are  alfalfa  and  sugar  beets.  Alfalfa 
grown  continuously  had  a  net  return  of  $10.02  per  acre.  The  returns 
from  sugar  beets  continuously  cropped  were  only  $1.70  per  acre. 
Oats  continuously  has  proved  least  desirable,  with  a  loss  of  $11.41 
per  acre. 

Partly  due  to  the  original  high  productivity  of  the  soil  and  in  part 
due  to  the  fact  that  potatoes  have  proved  to  be  an  excellent  crop  to 
precede  sugar  beets,  untreated  2-year  rotation  (20),  where  potatoes 
and  sugar  beets  are  the  crops  included,  is  in  the  eighth  position  in  the 
table. 

The  favorable  influence  of  two  years  of  alfalfa  on  crop  yields  has 
been  recorded  in  the  preceding  pages;  but  of  the  four  4-year  rotations 
where  alfalfa  is  included  for  two  years,  only  rotation  40  has  proved  to 
be  as  profitable  as  the  6-year  rotations  where  alfalfa  is  retained  for 
three  years  out  of  the  six.  Owing  to  the  high  cost  of  alfalfa  the  first 
year,  together  with  low  yields,  it  appears  that  a  rotation  in  which 
alfalfa  is  retained  for  three  years  will  result  in  greater  returns  than 
when  it  is  retained  for  only  two  years. 

Rotations  60  and  61  are  identical  as  to  crops,  and  both  have  three 
years  of  alfalfa,  the  only  dift'crence  being  that  rotation  61  has  an 
application  of  12  tons  of  manure  once  during  its  cycle  preceding  the 
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sugar-beet  crop.  They  are  also  comparable  as  to  costs  except  for  the 
$8  charge  for  the  application  of  manure  added  to  rotation  61.  The 
net  return  from  that  rotation  is  $4.82  in  excess  of  that  from  rotation 
60.  From  these  results  it  becomes  apparent  that  manure  may  be 
profitably  applied  to  a  rotation  that  includes  alfalfa. 

The  effect  on  values  of  either  wheat  or  oats  as  a  crop  used  in  an 
untreated  rotation  preceding  sugar  beets  is  outstanding  when  yields 
in  such  rotations  are  compared  with  those  in  rotations  that  do  not 
include  these  crops.  A  value  of  $20.91  is  given  for  2-year  rotation 
20,  which  includes  a  simple  rotation  of  potatoes  and  sugar  beets.  In 
rotation  30,  where  an  oat  crop  is  inserted  between  potatoes  and 
sugar  beets,  the  value  is  reduced  to  only  $3.08,  or  $17.83  less  than 
the  value  of  rotation  20.  Next  to  the  continuously  cropped  plots, 
wheat  and  oats  in  2-year  untreated  rotations  with  sugar  beets  and 
potatoes  are  among  the  lowest  values  listed. 

The  rotations  including  alfalfa  have  not  given  as  high  comparative 
net  returns  as  some  of  the  2-year  and  3-year  rotations,  particularly 
those  receiving  manurial  treatment.  But  the  beneficial  effect,  which 
appears  to  be  cumulative,  on  the  productivity  of  the  soil  resulting 
from  incorporating  alfalfa  in  a  rotation  with  such  crops  as  sugar 
beets  and  potatoes  is  clearly  evident  in  the  tables  giving  the  details 
of  yields. 

The  relatively  low  price  of  $8.50  per  ton  for  alfalfa  makes  the  net 
returns  for  this  crop  so  low  as  to  decrease  materially  the  average 
return  for  the  alfalfa  rotations.  The  first-year  alfalfa,  because  of  low 
yields  obtained  and  high  costs  incurred,  usually  indicates  a  loss. 
If  alfalfa  were  valued  at  its  actual  worth  when  utilized  for  feed 
for  livestock  on  the  farm  where  produced  it  is  reasonable  to  beheve 
it  would  show  returns  in  excess  of  those  given  in  Table  15. 

SUMMARY 

The  experiments  recorded  in  this  bulletin  were  conducted  at  the 
Huntley  Field  Station,  located  in  southeastern  Montana.  This  sta- 
tion is  representative  of  certain  areas  of  this  and  adjoining  States. 

The  soil  where  these  experiments  were  conducted  consists  of  a 
heavy  clay  loam  relatively  productive  and  representative  of  the 
better  types  on  the  larger  part  of  the  project. 

The  objectives  were  to  ascertain  what  rotations  and  methods  of 
treatment  best  promoted  high  productivity  on  irrigated  soils  repre- 
sentative of  this  and  similar  areas  of  the  Great  Plains,  and  to  plan 
the  rotations  in  such  a  way  as  to  afford  comparisons  as  to  yield  be- 
tween simple  rotations  and  those  having  a  treatment  of  stable  manure. 
The  value  of  alfalfa  was  compared  in  two  rotations,  both  of  which 
included  alfalfa  and  one  of  which  received  an  application  of  stable 
manure. 

The  original  series  consisted  of  29  rotations  begun  in  1912,  to  which 
10  more  were  added  in  1916.  They  were  so  arranged  that  each  crop 
involved  in  each  rotation  was  grown  every  year.  The  plan  necessi- 
tated having  as  many  plots  devoted  to  each  rotation  as  there  were 
years  in  the  cycle. 

The  cultural  practices  followed  were  in  keeping  with  modern  prac- 
tices in  vogue  and  believed  to  be  the  most  desirable  to  bring  about 
the  best  results,  and  so  far  as  conditions  would  permit  the  plan  out- 
lined has  been  followed.  The  same  varieties  of  crops  were  always 
planted  each  season. 
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The  details  of  crop  yields  are  given  in  a  series  of  tables  for  each 
crop  each  year  and  for  each  rotation.  Mean  yields  for  the  15-year 
period  and  for  the  last  six  years  are  given  to  afford  an  opportunity 
of  ascertaining  the  trend  of  yields. 

The  annual  fluctuations  in  yields  are  ascertained .  The  season  show- 
ing the  highest  annual  mean  percentage  was  1918,  with  120  per  cent, 
and  the  lowest  was  1926,  with  a  percentage  of  81. 

The  mean  annual  yields  of  the  untreated  plots  devoted  to  oats, 
sugar  beets,  and  potatoes  are  compared  with  yields  in  rotations  con- 
taining alfalfa  or  manure  or  both.  They  are  expressed  in  percentages 
of  the  mean  annual  yield.  For  the  last  six  years  the  yields  in  the 
treated  rotations  show  a  percentage  increase  over  those  in  the  un- 
treated, as  follows:  Oats  39,  sugar  beets  43,  and  potatoes  48. 

The  rotations  producing  the  highest  yields  of  oats  are  those  in 
which  alfalfa  appears.  The  mean  of  the  two  2-year  rotations  receiv- 
ing a  treatment  of  stable  manure  comes  second,  and  the  lowest 
yields  are  from  the  continuously  cropped  plots. 

Manure  applied  in  2-year  and  3-year  rotations  as  a  stimulant  for 
increasing  the  yields  of  sugar  beets  has  been  more  effective  than  has 
alfalfa.  All  treated  rotations  indicate  a  marked  tendency  to  increase 
the  longer  these  rotations  are  continued.  This  is  evident  when  the 
average  yield  for  the  last  six  years  is  compared  with  the  15-year 
average.  Comparatively  low  yields  have  resulted  from  plots  con- 
tinuously cropped,  and  no  better  mean  yields  have  resulted  from 
the  two  2-year  rotations  where  beets  follow  wheat  and  oats. 

From  a  comparison  of  the  yields  of  potatoes  in  the  various  rotations 
the  highest  yields  are  from  the  mean  of  the  two  6-year  rotations  in 
which  alfalfa  appears  three  years  out  of  the  six.  The  beneficial 
effects  of  manure  on  the  yields  of  potatoes  is  apparent,  but  the 
yields  appear  to  be  better  sustained  where  manure  is  applied  directly 
preceding  potatoes  every  third  year  in  a  3-year  rotation  instead  of 
m  alternate  years  in  a  2-year  rotation.  To  plant  potatoes  following 
oats,  with  rye  used  as  a  green-manure  crop  and  seeded  after  the  oat 
crop,  has  not  proved  satisfactory.  Continuous  cropping  of  potatoes 
not  only  lowers  the  productivity  of  the  soil  but  intensifies  the  disease 
problem. 

Alfalfa  was  included  in  these  experiments  for  the  purpose  of  deter- 
mining its  effect  on  crop  yields  when  grown  in  a  rotation  with  other 
crops.  Yields  appear  to  be  sustained  over  a  long  period  if  the  stand 
can  be  maintained.  The  first-year  alfalfa  returns  low  yield,  but  the 
second-year  yields  have  been  fully  equal  to  the  average  of  the  third 
season. 

When  grown  in  a  2-year  rotation  with  oats,  wheat  has  given  yields 
no  better  than  when  continuously  cropped.  Wheat  cropped  continu- 
ously with  straw  returned  (rotation  7)  has  returned  the  lowest  yield 
for  the  last  six  years.  Yields  of  continuously  cropped  wheat  and  of 
wheat  in  a  2-year  rotation  with  oats  were  adversely  affected  by  wild 
oats. 

Com  yields  from  untreated  2-year  and  3-year  rotations  have  been 
slightly  more  than  maintained,  while  the  yields  from  the  continu- 
ously cropped  plots  have  a  tendency  to  become  lower  the  longer  the 
rotations  are  continued. 

Comparative  values  of  the  various  rotations  have  been  deter- 
mined.   An  application  of  manure  in  2-year  and  3-year  rotations  is 


32       TECHNICA.L  BULLETIN    144,  U.  S.  DEPT.  OF  AGKICULTUHE 

well  justified  and,  after  the  estimated  expense  has  been  deducted, 
holds  the  first  three  places.  The  incorporation  of  alfalfa  in  a  well- 
planned  rotation  has  brought  a  return  second  only  to  that  when  manure 
was  used.  As  a  rule,  it  appears  a  better  practice  to  leave  alfalfa  for 
a  period  of  at  least  three  years.  Adding  manure  to  a  6-year  rotation 
which  includes  three  years  of  alfalfa  much  more  than  pays  for  the 
cost  of  application. 

The  results  recorded  in  Table  15  emphasize  the  importance  of 
adopting  a  well-planned  cropping  system  and  show  that  crop  yields 
are  materially  increased  by  the  application  of  manure  or  the  inclusion 
of  alfalfa  in  a  rotation.  They  show  also  that  after  estimated  expenses 
and  reasonable  values  placed  on  the  various  crops  have  been  deducted, 
the  net  returns  amply  justify  the  practices. 


U.  S.  GOVERNMENT  PRINTIN6  OFFICES  l»M 


ORGANIZATION  OF  THE 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

September  28,  1929 


Secretary  of  Agriculture Arthur  M.  Hyde. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Work A.  F.  Woods. 

Director  of  Regulatory  Work Walter  G.  Campbell. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Personnel  and  Business  Adminis'  W.  W.  Stockberqer. 
tration. 

Director  of  Information M.  S.  Eisenhower. 

Solicitor R.  W.  Williams. 

Weather  Bureau Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redington,  Chief. 

Bureau  of  Public  Roads Thomas  H.  MacDonald,  Chief. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Administration.  C.  L.  Marlatt,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Food,  Drug,  and  Insecticide  Administration..  Walter  G.  Campbell,  Diredor  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations E.  W.  Allen,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Library. Claribbl  R.  Barnbtt,  Librarian, 


This  bulletin  is  a  contribution  from 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Office  of  Western  Irrigation  Agriculture..  C.  S.  Scofield,  Principal  Agrieul- 

turistf  in  Charge. 


Technical  Bulletin  No.  142 


November,  1929 


YIELDS  OF 

SECOND-GROWTH 

SPRUCE  AND  FIR  IN  THE 

NORTHEAST 


BY 

WALTER  H.  MEYER 

Associate  Silviculturist 

Formerly  at  Northeastern  Forest  Experiment  Station 

Forest  Service 


United  States  Department  of  Agriculture,  Washington, D.C. 


For  «alc  by  the  Superintendent  of  Documents,  Washington,  D.  C. 


Price  15  centt 


Technical  Bulletin  No.  142 


November,  1929 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


YIELDS  OF   SECOND-GROWTH    SPRUCE 
AND  FIR  IN  THE  NORTHEAST 

By  Walter  H.  Meyer 

Associate   SilvicuUurist,   formerly    at    Northeastern    Forest    Experiment   Station, 

Forest  Service 


CONTENTS 


Introduction 

Red  spruce  tables  and  their  application 

Age  of  stand 

Site  index 

Degree  of  stocking 

Tables  for  total  stand;  all  trees  above  0.6- 
inch  diameter  breast  high 

Tables  for  trees  in  and  above  the  4-inch 
diameter  class 

Tables  for  trees  in  and  above  the  7-inch 
diameter  class 

Tables  for  dominants  and  codominants.. 

Increments  and  rotations 

Stand  tables 

Volume  tables 

Yields  of  mixed  stands 


Page 
1 
5 
5 
5 
7 


Page 

36 
36 
38 

38 


Material   and   technic   employed   in   yield 
study 

Distribution  of  plots 

Plot  measurements 

Allowance  for  abnormalities  due  to  dam-' 

age  by  spruce  bud  worm. 

Method  of  construction  of  tables  and 

charts,  and  their  limitations 38 

Statistical  analysis  of  results 44 

Determining  the  period  of  development 

from  ground  to  breast  height 46 

Permanent  sample  plots 47 

Bibliography 50 

Growth  and  yields  of  spruce  and  balsam 

fir  in  the  Northeast 60 

Application  of  yield  tables 51 

Description  of  the  region 51 

Other  miscellaneous  references 62 


INTRODUCTION 

The  phenomenal  growth  of  the  pulp  and  paper  industry  in  the  north- 
eastern United  States  has  had  many  important  consequences,  among 
which  not  the  least  is  a  necessity  for  focusing  attention  upon  adequate 
supplies  of  raw  materials,  upon  which  the  welfare  of  the  industry 
must  be  based.  According  to  a  late  authentic  report  (36)  ^  the  New 
England  States  and  New  York  account  for  47  per  cent  of  the  total 
pulpwood  consumption  of  the  country.  According  to  the  same 
figures  the  Northeastern  States  manufacture  53  per  cent  of  the  total 
quantity  of  wood  pulp  and  41  per  cent  of  the  total  quantity  of  paper. 
Under  these  circumstances  the  effect  upon  local  supplies  of  raw 
materials  is  not  surprising.  The  industry  is  consuming  far  more  pulp- 
wood  than  it  can  harvest  in  the  Northeast,  and  the  quantity  of 
pulpwood  being  harvested  annually  in  this  region  already  exceeds  by 
a  wide  margin  the  estimated  growth.  Virgin  timber  is  rapidly  dis- 
appearing. Mills  are  taking  more  and  more  of  the  new  timber 
coming  in  on  the  cut-over  lands,  and  the  need  is  already  felt  to  have 
available  correct  information  regarding  the  possible  yields  of  this 
second-growth,  timber. 


>  Italic  numerals  in  parentheses  refer  to  Bibliography,  p.  50. 
59794—29 1 
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The  interest  in  second-growth  yields  is  especially  keen  because  of 
the  fact  that  the  tree  species  desired  at  the  present  time  for  pulping 
processes  are  very  few.  Mills  manufacturing  pulp  by  the  mechanical 
and  sulphite  processes  are  by  far  the  most  common  in  this  region,  and 
the  limitations  of  these  processes  serve  further  to  restrict  the  desirable 
species. 

The  pulpwood  in  the  Northeastern  States  most  desired  is  red  spruce 
(Picea  rubra).  Next  in  importance  is  balsam  fir  {Ahies  halsamea), 
and  third  in  importance  is  white  spruce  (P.  glauca).  A  fourth  species 
of  less  importance  is  black  spruce  (P.  mariana). 

Studies  of  the  growth  and  yields  of  red  and  white  spruce  and  balsam 
fir  are  nonexistent,  with  the  exception  of  one  set  of  red  spruce  yield 
tables  (15)  prepared  by  L.  S.  Murphy.^  These  tables  are  based  upon 
51  sample  plots  and  are  applicable  to  pure  second-growth  stands  on 
old  fields  and  pastures. 

The  present  study  includes  Murphy's  51  plots,  measurements  of  7 
permanent  sample  plots  at  Corbin  Park,  N.  H.,  and  the  records  of 
some  350  additional  temporary  sample  plots  scattered  throughout 
Maine,  New  Hampshire,  and  Vermont.  (Fig.  1.)  Very  few  plots 
were  taken  in  New  York  State,  because  of  the  lack  of  fully  stocked 
second-growth  red  spruce  stands. 

Of  the  entire  400  plots  the  data  from  201  were  finally  chosen  as  the 
basis  for  the  red  spruce  tables  presented  here.  The  first  plots  to  be 
eliminated  were  those  having  only  moderate  proportions  of  red  spruce. 
Others  were  rejected  because  of  abnormal  basal  areas,  that  is  to  say, 
total  basal  area  exceeding  or  underrunning  the  limits  set  for  variation 
from  type  values.  These  plots  discarded  because  of  abnormal  basal 
area  contributed  later,  however,  to  a  study  of  the  effect  of  density 
of  stocking. 

The  character  and  composition  of  these  sample  plots  were  found  to 
change  in  a  very  interesting  manner  with  changes  in  region.  In 
southeastern  Maine,  along  the  coast,  a  mixture  of  balsam  fir,  white 
spruce,  and  red  spruce  is  prevalent.  Small  pure  patches  of  any  of  the 
three  species  can  be  expected  in  many  places.  On  second-growth 
areas  throughout  all  Maine  a  mixed  stand  seems  to  be  characteristic, 
the  percentages  of  the  component  species  varying  greatly  even  on 
small  areas.  The  same  sort  of  mixed  stand  is  found  in  New  Hamp- 
shire north  and  east  of  the  White  Mountains;  but  south  and  west  of 
the  main  White  Mountain  range  white  spruce  is  almost  entirely 
lacking  from  the  mixture.  Even  balsam  fir  is  not  as  important  here 
as  it  is  to  the  north  and  east.  Pure  second-growth  red  spruce  stands 
occur  commonly  in  this  region  and  in  Vermont,  but  rarely  in  a  fully 
stocked  condition  below  1,600  feet  elevation. 

In  all  portions  of  the  region,  the  fully  stocked,  even-aged  stands, 
pure  or  mixed,  are  most  commonly  found  on  old  pastures  and  old 
fields  and  occasionally  on  old  burns,  cuttings,  and  blow  downs. 
The  reversion  of  lands  formerly  used  chiefly  for  grazing  is  an  interest- 
ing study,  especially  when  one  finds  so  often  that  a  fence  line  may 
be  the  division  between  two  distinct  forest  types,  such  as  a  pure 
hardwood  stand  and  a  pure  spruce  stand.  Both  portions  may  have 
been  originally  cut  clean  and  grazed,  but  where  the  spruce  type  is, 
grazing  evidently  continued  for  a  longer  period.     The  underlying 

2  For  a  description  of  the  silvical  characteristics  and  the  management  of  red  spruce,  see  (16),  in  which 
the  tables  mentioned  are  included,  and,  for  balsam  fir,  (;?4). 


SECOND-GROWTH   SPRUCE    AND   FIR   IN   THE   NORTHEAST  6 

reasons  for  subsequent  development  into  coniferous  or  hardwood 
stands  are  for  the  present  only  a  matter  of  conjecture. 

The  quantity  of  white  spruce  in  second-growth  stands  in  most 
portions  of  Maine  is  also  interesting.  Although  the  original  forests 
contained  a  great  deal  more  red  spruce  than  white  spruce,  the  second- 
growth  stands,  especially  on  old  pastures  and  fields,  show  a  contrary 
tendency. 

In  gathering  the  data  for  this  study,  pure,  fully  stocked,  even-aged 
stands  were  selected,  both  because  this  is  the  form  in  which  many 


FIOURB  1. — Locations  of  temporary  sample  plots  in  the  spruce-fir  yield  study,  each  spot  repre- 
senting a  locality  where  one  or  more  plots  were  taken 

second-growth  stands  occur,  and  because  these  lend  themselves  most 
readily  to  the  study  of  growth  and  yields.  Mixtures  of  several 
species,  variability  of  stocking,  and  age  add  complexities  which  are 
often  difficult  to  solve.  A  certain  freedom  of  selection  must  be 
maintained  in  the  preliminary  field  work,  since  at  that  time  the  ideal 
composition  and  stocking  can  not  be  accurately  estimated.     One 
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grade  of  stocking  may  lead  to  highest  total  cubic-foot  volume,  another 
to  highest  total  board-foot  volume,  and  still  another  to  highest 
volume  of  best-quality  lumber.  In  collecting  the  data  it  is  necessary 
to  make  due  allowance  for  this  by  some  liberality  in  the  deter- 
mination of  what  constitutes  good  stocking.  Yield  tables  made 
up  from  data  collected  in  this  manner  are  known  as  normal-yield 
tables,  since  they  indicate  yields  that  at  least  approximate  the 
normal,  or  those  which  may  be  expected  of  well-stocked  stands.  It 
is  of  course  recognized  that  normal  yields  can  not  be  realized  over  any 
large  areas;  they  are  more  or  less  the  ideal  which  stands  will  approach 
under  good  care  or  uniformly  favorable  natural  conditions. 

Some  foresters  insist  that  yield  tables  should  be  '^empirical,"  or 
representative  of  the  average  conditions.  However,  average  condi- 
tions for  one  area  are  not  the  same  as  average  conditions  for  another. 
Consequently,  an  empirical  table  that  is  to  be  used  in  different  places 
must  be  adjusted  to  these  different  conditions  by  proper  converting 
factors  if  it  is  to  be  sufficiently  accurate.  Since  converting  factors 
are  needed  in  any  event,  it  is  assumed  that  they  may  be  more  easily 
and  accurately  employed  as  between  the  normal  and  the  particular 
conditions,  than  as  between  two  different  sets  of  average  conditions. 

The  character  of  the  reduction  which  must  ordinarily  be  made  in 
the  appUcation  of  yield  tables  to  average  stands,  and  the  method  of  its 
application,  are  much-debated  questions.  Several  investigations  are 
in  progress  which  may  develop  new  and  greatly  improved  methods  of 
applying  yield  tables,  but  until  these  can  be  more  definitely  stated 
than  at  present,  older,  if  less  satisfactory  methods  must  be  still 
relied  upon. 

The  first  step  in  the  appHcation  of  a  yield  table  is  to  obtain  an 
accurate  knowledge  of  the  area  to  which  it  is  to  be  apphed.  If 
stands  already  exist  on  the  area  a  strip  survey  should  be  made,  in 
which  all  nonstocked  areas  must  be  determined,  site  divisions  and 
pronounced  differences  in  stocking  marked  out,  and  ages  recorded. 
Tally  sheets  should  be  changed  with  each  change  in  site,  stocking,  or 
age.  Further  consideration  of  appUcation  of  the  tables  will  be  given 
in  the  course  of  the  discussion. 

In  this  presentation  of  spruce  and  fir  yields  it  has  seemed  best  to 
present  the  material  under  two  main  divisions.  The  first  includes 
the  presentation  of  the  tables  and  charts  with  only  a  general  discus- 
sion of  their  use  and  a  few  remarks  on  the  application  of  yield  tables 
as  a  whole.  The  second  part  takes  up  some  of  the  technical  considera- 
tions of  the  study,  the  character  of  the  material  upon  which  the  tables 
are  based,  the  reliability  and  limitations  of  the  various  tables,  and  a 
discussion  of  several  of  the  tables  based  on  observations  of  permanent 
sample  plots.  Throughout  the  first  part  of  the  bulletin  chances  for 
technical  discussion  are  apparent,  but  will  necessarily  be  postponed 
for  treatment  later  on. 
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RED   SPRUCE   TABLES   AND   THEIR   APPLICATION 

AGE  OF  STAND 

The  age  of  a  stand  is  taken  as  the  average  age  of  the  dominant 
and  codominant  trees. ^  This  age  was  obtained  by  boring  many  of 
the  dominants  and  codominants  at  breastheight,  4.5  feet  above  the 
ground,  counting  off  the  age,  and  then  averaging  the  various  ages 
counted.  To  this  average  value,  called  the  breastheight  age,  a 
period  of  15  years  was  added  to  allow  for  growth  from  origin  of 
stand  to  breastheight.  The  length  of  this  period  was  based  on  a 
seedling  study  which  will  be  described  later  in  detail.  In  the  fol- 
lowing sets  of  tables  whenever  age  is  mentioned,  total  age  is  meant, 
unless  otherwise  stated. 

In  the  application  of  yield  tables  age  is  obtained  either  by  incre- 
ment borings  or  stump  counts.  If  borings  are  made  at  breastheight, 
15  years  should  be  added  to  get  total  age;  if  ages  are  determined  on 
a  1-foot  stump,  seven  years  should  be  added.  Only  ages  of  the 
dominant  and  codominant  tree  classes  are  taken.  An  average  of  all 
the  counted  ages  is  then  made  and  used  as  the  stand  age.  The  range 
in  ages  of  these  dominants  should  not  be  much  more  than  10  years, 
otherwise  the  stand  will  be  thrown  out  of  the  even-aged  class.  The 
stand  which  is  being  surveyed  should  be  tested  in  many  places, 
especially  where  age  class  seems  to  be  changed. 

SITE  INDEX 

The  indicator  of  site  used  in  this  study  is  the  height  in  feet  of  the 
average  dominant  and  codominant  red  spruce,  or  the  tree  having 
the  average  basal  area  of  all  the  dominants  and  codominants  in  the 
stand.  The  height  of  this  average  tree  is  read  from  the  height  curve 
of  the  stand.  By  use  of  Figure  2  or  Table  1  the  relative  position  of 
the  determined  height  can  be  found  and  the  site  index  read  off.  The 
site  index  is  numbered  from  the  value  of  the  height  of  the  average 
dominant  and  codominant  at  65  years  total  age.  Thus  a  stand  of 
site  index  57  is  a  stand  which  at  65  years  of  age  has  a  height  of  aver- 
age dominants  and  codominants  amounting  to  57  feet. 

*  Definitions  of  the  crown  classes  adopted  in  this  study  are  briefly  as  follows: 

Dominant.— The  large  trees  of  the  stand  with  well-developed  crowns  extending  above  the  general  level; 
with  full  light  above  and  part  on  the  sides. 

Codominant.— Trees  forming  the  greater  part  of  the  main  canopy,  receiving  full  light  from  above,  and 
a  little  on  the  sides. 

Intermediate.— Trees  below  the  main  canopy,  but  still  extending  into  it,  receiving  only  a  little  top  light; 
hemmed  in  on  all  sides. 

Suppressed.- Trees  entirely  below  the  main  canopy,  practically  no  top  light;  very  poor  crown  develop- 


For  more  detailed  definitions  the  reader  may  refer  to  the  forest  terminology  adopted  by  the  Society  of 
American  Foresters  C51). 
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40         50         60         70 
TOTAL  AGE -YEARS 

Figure  2. — Red  spruce  site  index  based  upon  the  height  of  the  average  dominant  and  codomi- 

nant  tree 

For  the  average  quality  of  site  (site  index  50),  the  average  heights 
range  from  8  feet  at  20  years  to  59  feet  at  110  years.  At  70  years  a 
height  of  52  feet  is  already  attained.  Beyond  this  age  the  rise  is 
much  more  gradual. 

Table  1. — Red  spruce  site  index  based  upon  height  of  average  dominant  and  codom- 

inant  tree 


Total 

Site  index 

70 

60 

50 

40 

30 

age 

Height  of  average  dominant 

and  codominant  tree 

Years 

Feet 

Feet 

Feet 

Feet 

Feet 

20 

10 

9 

8 

7 

6 

30 

23 

20 

17 

14 

12 

40 

39 

34 

28 

23 

18 

60 

54 

47 

39 

31 

24 

60 

66 

57 

47 

38 

28 

70 

73 

62 

52 

42 

31 

80 

77 

66 

65 

44 

33 

90 

80 

68 

66 

45 

34 

100 

82 

70 

68 

46 

34 

110 

83 

71 

59 

47 

36 

In  applying  the  table,  common  practice  will  be  simply  to  average 
the  heights  of  20  or  more  dominant  and  codominant  trees  in  a  stand ; 
but  any  tendency  to  take  the  heights  of  the  largest  trees  only  should 
be  guarded  against,  since  the  average  height  of  the  chart  refers  to  all 
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diameter  classes  of  the  dominant  and  codomiiiant  trees.  Site  detei- 
mination  by  use  of  Figure  2  should  be  repeated  and  checked  in  various 
portions  of  the  area,  especially  where  there  is  an  apparent  change  of 
site. 

The  total  range  of  sites  for  red  spruce  in  Figure  2  is  somewhat 
wider  than  will  ordinarily  be  found ;  practically  all  the  second-growth 
stands  lie  between  site  indices  35  and  65,  the  most  common  site  index 
being  50.  The  outer  sites  30  and  70  are  given  for  the  sake  of  interpo- 
lation of  values  which  may  lie  below  site  index  40  (pi.  1)  or  above  site 
index  60.  They  are  very  extreme  values  and  should  not  be  included  if 
there  is  any  desire  to  use  the  sj^stem  of  classifjdng  sites  as  I,  II,  and 
III.  Site  1  corresponds  to  site  index  60,  Site  II  to  site  index  50,  and 
Site  III  to  site  index  40. 

The  relation  between  site  and  the  recognized  forest  types  {34,  4S) 
is  not  clear-cut,  since  the  ranges  of  site  indices  overlap  from  one  type 
to  another.  On  the  whole  the  majority  of  stands  in  the  various  types 
have  site  indices  between  the  following  values : 

Spruce  swamp Site  index  range  30  to  45. 

Spruce  flat Site  index  range  35  to  50. 

Gr^^  ,  «    1^.  „/ Lower  portion Site  index  range  35  to  60. 

bpruce  slopejupper  portion Site  index  range  up  to  45. 

Old  pasture  and  old  field Site  index  range  40  to  65. 

DEGREE  OF  STOCKING 

Basal  area  is  usually  taken  as  a  measure  of  the  degree  of  stocking. 
Number  of  trees  can  be  used,  but  only  if  the  trees  are  well  spaced  and 
not  placed  groupwise.  Where  distribution  is  good  a  decrease  in 
number  of  trees  would  be  expected  to  be  accompanied  by  an  increase 
in  average  diameter  and,  further,  an  increase  in  total  board -foot 
volume. 

The  plots  of  this  study  were  chosen  with  evenness  of  stocking  as  a 
requisite,  and  therefore  they  tend  to  maintain  this  relation  between 
number  of  trees  and  board-foot  volume  as  is  indicated  in  Figure 
3,  where  number  of  trees  and  board-foot  volume  are  expressed  in 
percentages  of  the  normal  values,  or  the  values  stated  in  the  yield 
tables.  The  board-foot  curve  rises  steeply  to  a  maximum  at  60  per 
cent  of  normal  number  of  trees,  then  falls  off,  passing  through  the 
100-100  per  cent  point  and  decreases  less  rapidly  from  this  point  on. 
The  cubic-foot  curve  shows  an  entirely  different  trend,  a  rapid 
increase  in  the  lower  percentages  slows  down  at  approxmiately  90 
per  cent,  but  keeps  on  rising  slowly  through  the  remainder  of  the 
range  of  stocking. 

No  plots  under  45  years  total  age  are  included  in  Figure  3  because 
the  board-foot  values  for  these  low  ages,  although  small  in  absolute 
amounts,  may  give  unduly  high  percentages  when  compared  to 
yield-table  values.  Forty-five  years  was  chosen  by  inspection  as  the 
age  above  which  these  extreme  eccentricities  disappeared.  Beyond 
this  limit,  age  was  found  to  have  very  httle  effect  on  the  relation 
between  board -foot  volume  and  normal  volume. 

According  to  Figure  3,  the  average  full  stand  of  second-growth 
red  spruce  is  too  dense  for  maximum  board-foot  volume.  The  neces- 
sity of  judicious  thinning  which  is  made  apparent  in  this  way  is  also 
indicated  in  the  continuous  decline  in  rate  of  diameter  growth  from 
the  time  of  origin  of  the  stand  and  especially  after  the  total  age  of  75 
years. 
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Unfortunately  the  quality  of  the  board-foot  volume  can  not  be 
simply  shown.  If  the  maximum  amount  of  good-quaUty  lumber  is 
desired,  the  density  of  the  stand  should  undoubtedly  be  kept  up  until 
natural  pruning  has  accompHshed  much  of  its  work,  after  which  the 
thinnings  aiming  to  maintain  the  diameter  growth  and  to  attain  the 
maximum  volume  may  be  started.     (Pis.  2  and  3.) 

White  spruce  stands  and  balsam  fir  stands  studied  in  the  light  of 
the  red  spruce  tables  exhibit  very  similar  trends.  White  spruce 
attains  its  maximum  board-foot  volume  at  65  per  cent  stocking 
and  balsam  fir  its  maximum  at  75  per  cent.  However,  most  of  the 
balsam  fir  and  white  spruce  material  is  between  the  ages  of  45  and  65 
years,  and  therefore  these  values  can  be  considered  to  apply  only  to 
this  range  of  ages. 

In  the  application  of  the  yield  tables  degree  of  stocking  is  obtained 
from  the  strip-survey  tallies  after  they  have  been  worked  up.    For 
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Figure  3.— Red  spruce.    Relation  between  percentages  of  normal  number  of  trees  and  of  normal 

volume 

each  subdivision  of  the  stand  by  age,  site,  or  stocking,  the  total  basal 
area  for  the  average  acre  is  computed.  This  value  divided  by  the 
normal  value  of  the  yield  table  for  the  site  and  age  in  question  gives 
the  degree  of  normality.  For  instance,  if  for  a  stand  65  years  old, 
site  index  50,  the  total  basal  area  per  acre  amounts  to  190  square 
feet,  the  degree  of  normality  or  the  grade  of  stocking  is  190  divided 
by  224  (fig.  4),  or  85  per  cent.  This  computed  grade  of  stocking 
can  then  be  used  for  all  future  predictions,  the  normal  yields  at  any 
time  in  the  future  development  of  the  stand  being  reduced  by  15 
per  cent  to  obtain  the  predicted  yield.  This  estimate  is  conservative, 
since  it  allows  no  growth  toward  normality,  although  such  growth 
undoubtedly  takes  place  in  any  understocked  stand,  especially  if 
understocking  is  characterized  by  evenness  of  distribution  of  the 
trees.     There  is  no  doubt  that  understocked  stands  will  approach 
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Plate  1 


Red  Spruce  on  poor  Sites 


F194132      1M109 


A. — The  90-year-old  suppressed  stand  of  red  spruce  on  an  unfavorable  swampy  site  in  northern 

New  Hampshire  has  about  1,000  trees  to  the  acre. 
B.— This  85-yoar-old  stand  is  on  an  unfavorable  but  less  swampy  site  in  southern  Maine. 
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PLATE  2 
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PLATE  3 
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a  fully  stocked  condition  with  advance  in  age,  but  only  by  subse- 
quent study  of  permanent  sample  plots  can  the  rate  of  approach 
bo  satisfactorily  determined. 

TABLES  FOR  TOTAL  STAND;  ALL  TREES  ABOVE  0.6-INCH  DIAMETER  BREAST  HIGH 

BASAL    AREA 

The  total  basal  area  in  square  feet  per  acre  is  given  in  Figure  4  and 
Table  2  for  the  whole  range  of  sites  and  ages.  The  average  site  index 
50,  starting  with  22  square  feet  at  20  years,  increases  rapidly  up  to 
60  years,  and  then  increases  steadily  but  at  a  less  rapid  rate  to  250 


Ao         SO         60         TO        ao 

TOTAL  AGE  -  YEIARS 
Figure  4.— Red  spruce.   Total  basal  area  per  acre 


100        110 


square  feet  at  110  years.    With  increase  in  site  the  distances  between 
the  site  curves  lessen. 

Table  2.—  Red  spruce:  Total  hasal  area  per  acre,  including  all  trees  above  0.6  inch 

diameter  breast  high 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Basal  area 

Square 

Square 

Square 

Square 

Square 

Yeart 

fut 

feet 

feet 

feet 

20 

25 

24 

22 

19 

14 

30 

82 

78 

73 

64 

46 

40 

149 

142 

132 

115 

83 

60 

210 

200 

186 

162 

117 

eo 

245 

233 

217 

189 

137 

70 

260 

247 

230 

200 

145 

80 

269 

256 

238 

207 

150 

90 

275 

261 

243 

211 

153 

100 

279 

266 

247 

215 

156 

110 

282 

269 

250 

218 

158 

69794—21 
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NUMBER    OF    TREES 

In  Figure  5  and  Table  3  the  total  number  per  acre  of  trees  0.6 
inch  and  more  in  diameter  breast  high  is  given.  Site  index  50, 
starting  with  3,690  trees  at  20  years,  decreases  rapidly  up  to  approxi- 
mately 60  or  70  years,  and  then  slowly  to  628  trees  at  110  years. 
The  great  increase  in  number  of  trees  with  decrease  in  site  index  is 
strikingly  apparent. 

NUMBER 
OF  TREES 
epoo 


spoo 


4000 


3000 


2000 


1000 


\ 

■ 

\ 

\ 

\ 

\ 

\ 

\ 

V 

V 

\ 

\ 

\ 

\ 

\J 

V 

v 

\ 

\ 

\ 

V 

\\ 

\ 

s 

\^ 

5/7"ff-   . 

0 

^ 

x\ 

\ 

V 

^^^iliijiOOo 

^ 

fe^ 

^_ 

3IT£  n 

^DEX  4- 

0    .. 

^r::; 

^DEX  50 

r 1 

5ITE   INOEy  7  0            j 

.1,1,1 

]0 


20 


30  40  50  60  70 

TOTAL   AGE- YEARS 


80  90  100  110 


Figure  5.— Red  spruce.    Total  number  of  trees  per  acre.    All  trees  above  0.6-iiich  diameter  at 
breast  height  are  included 

Table  3. — Red  spruce:  Total  number  of  trees  per  acre  above  0.6  inch  diameter 

breast  high 


Total 

Site  index 

age 

70 

60 

50 

40 

30 

(years) 

Number  of  trees 

20 

2,495 

2,935 

3,690 

5,285 

9,945 

30 

1,925 

2,265 

2,845 

4,075 

7,670 

40 

1,440 

1,695 

2,130 

3,055 

5,745     1 

50 

1,065 

1,250 

1,575 

2,255 

4,240     j 

60 

782 

920 

1,155 

1,655 

3,115     1 

70 

575 

676 

849 

1,215 

2,290     i 

80 

486 

572 

719 

1,030 

1,940 

90 

458 

538 

676 

969 

1,825 

100 

440 

518 

650 

932 

1,755 

110 

425 

500 

628 

900 

1,695 
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SIZE    OP    THE    AVERAGE    TREE 


The  size  of  the  average  tree  can  be  expressed  either  bj'^  the  basal 
area  of  the  average  tree  in  square  feet  or  by  the  diameter  in  inches 
corresponding  to  this  basal  area.  (Fig.  6  and  Table  4.)  Since 
diameter  is  of  more  direct  use,  this  criterion  is  the  one  presented. 
Trees  of  site  index  50  have  an  average  diameter  breast  high  of  1  inch 
at  20  years,  which  increases  steadily  to  80  years,  and  from  then  on 
less  rapidly  to  110  years,  reaching  8.5  inches.     Were  the  size  of  the 
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■Red  spruce.    Breastheight  diameter  of  average  tree 


average  tree  expressed  in  basal  area,  the  distance  between  the  site 
curves  would  be  quite  regular.  If  the  average  diameter  of  stand 
were  computed  by  averaging  all  the  diameters  of  the  stand,  instead  of 
being  derived  from  basal  area,  the  values  would  be  from  0.2  to  0.4 
inch  lower  than  those  given  in  the  tables. 

Table  4. — Red  spruce:  Size  of  average  tree  in  terms  of  breastheight  diameter 


Total 
age 

Site  index 

30 

70 

60            60      1      40 

Diameter,  breast  high 

Years 

Inchet 

Inches 

Inches 

Inches 

Inches 

20 

1.4 

1.2 

1.0 

0.8 

0.6 

30 

2.8 

2.6 

2.2 

1.7 

1.0 

40 

4.4 

3.9 

3.4 

2.6 

1.6 

60 

6.0 

6.4 

4.7 

3.6 

2.2 

CO 

7.6 

6.8 

6.9 

4.6 

2.8 

70 

9.1 

8.2 

7.0 

6.6 

3.4 

80 

10.1 

9.1 

7.8 

6.1 

3.8 

90 

10.6 

9.4 

8.1 

6.3 

3.9 

100 

10.8 

9.7 

a4 

6.6 

4.0 

110 

11.0 

0.9 

a& 

6.7 

4.1 
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HEIGHT    OF    AVERAGE    TREE 


Although,  of  the  average-height  values,  that  of  the  dominants  and 
codominants  (Table  1),  is  the  most  important,  the  average  height 
of  the  whole  stand  (fig.  7,  Table  5)  is  of  some  interest.  This  height 
is  the  height  of  the  tree  of  average  basal  area.     All  trees  of  the  stand 
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Figure  7.— Red  spruce.    Height  of  the  average  tree,  all  crown  classes  included 


are  included,  not  only  dominant  and  codominant,  but  also  inter- 
mediate and  suppressed  trees.  Height  values  in  the  table  are 
rounded  off  to  the  nearest  foot. 


Table  5. — Red  spruce:  Height  of  the  average  tree,  all  classes  included 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Height 

Fears 

Feet 

Feet 

Feet 

Feet 

Feet  1 

20 

9 

8 

7 

7 

6     1 

30 

20 

18 

15 

13 

10    1 

40 

34 

30 

25 

20 

16     1 

50 

49 

42 

36 

28 

21     1 

60 

62 

53 

44 

35 

26 

70 

70 

60 

50 

39 

29 

80 

75 

64 

53 

42 

31 

90 

77 

66 

65 

44 

32 

100 

79 

68 

57 

45 

33 

110 

80 

69 

58 

46 

33 
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CUBIC-FOOT   VOLUME 

Figure  8  and  Table  6  present  the  total  cubic-foot  yields  of  the  stand 
inside  bark,  including  stump  and  top,  but  without  butt  swell.  These 
volumes  are  the  so-called  "normal  volumes"  as  defined  by  C.  E. 
Behre  in  his  work  on  the  conformity  of  the  taper  of  various  species 
to  a  mathematical  taper  curve  (44>  4^j  4^)-  All  cubic-foot  volumes 
mentioned  in  this  bulletin  are  of  this  character.  To  include  bark, 
the  cubic-foot  yields  should  be  increased  by  12  per  cent,  which  is 
an  approximate  average  value,  probably  affected  somewhat  by  the 
size  of  the  trees.  To  include  butt  swell,  a  further  addition  of  2.6 
per  cent  is  necessary.  Butt  swell  is  correlated  somewhat  with  the 
average  size  of  the  trees  ranging  from  1  per  cent  for  the  smaller 
diameters  to  5  per  cent  for  the  larger  diameters. 

At  20  years  site  index  50  has  the  small  volume  of  120  cubic  feet, 
which  after  a  short  period  of  development  increases  rapidly  to  the 
50-year  point,  and  thereafter  less  rapidly,  until  by  90  years  only 
small  gains  are  made. 

Table  6. — Red  spruce:  Total  cubic-foot  volume  inside  bark  per  acre,  butt  swell  not 

included 


Total 
age 


Years 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 


Site  index 


70 


60 


50 


40 


30 


Volume 


Cubicfeet 
200 
1,060 
2,850 
6,350 
7,240 
8,430 
9,150 
9,580 
9,870 
10,100 


Cubicfeet 

Cubicfeet 

Cubicfeet 

160 

120 

80 

860 

680 

500 

2,350 

1,860 

1,350 

4,430 

3,610 

2,550 

6,030 

4,780 

3,490 

7,020 

5,690 

4,050 

7,610 

6,060 

4,400 

7,970 

6,340 

4,600 

8,210 

6,520 

4,740 

8,410 

6,680 

4,860 

Cubicfeet 

50 

280 

750 

1,400 

1,930 

2,260 

2,450 

2,660 

2,640 

2,700 


TABLES  FOR  TREES  IN  AND  ABOVE  THE  4-INCH  DIAMETER  CLASS 


Tables  for  partial  stands  are  derived  from  the  values  of  the  total 
stfind.  Tables  7,  8,  9,  10,  11,  and  13  give,  respectively,  total  basal 
area  in  square  feet  per  acre,  number  of  trees  per  acre,  average  diameter, 
total  and  merchantable  cubic-foot  volumes,  and  cord  volumes  for  all 
trees  in  the  stand  in  and  above  the  4-inch  d.  b.  h.  class,  or  the  equiva- 
lent of  possible  pulp  wood  in  fully  stocked  second-growth  stands. 

To  obtain  merchantable  volumes,  percentage  reductions  were  ap- 
plied to  total  cubic-foot  volume.  Table  12  presents  these  percent- 
ages of  the  total  volume  between  1-foot  stump  and  3-inch  top  inside 
bark  for  trees  of  various  diameters  and  heights.  By  taking  into  con- 
sideration the  size  of  the  average  tree  these  values  can  be  transformed 
to  age  and  site  percentages  and  can  then  be  applied  to  total  cubic-foot 
volume  (Table  10)  to  get  an  approximation  of  the  merchantable  cubic- 
foot  volume.  (Table  11.)  The  reduction  percentages  are  computed 
for  form  class  75,  which  is  the  class  within  which  the  majority  of  the 
second-growth  red  spruce  stands  fall. 
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CORD   VOLUME 

By  applying  the  factor  95  to  the  peeled  cubic-foot  volumes  of  Table 
11,  the  cord  volumes  of  Table  13  are  obtained.  This  is  on  the  assump- 
tion that  95  cubic  feet  of  wood  is  equal  to  1  cord,  a  relation  of  course 
not  altogether  constant  for  various-sized  bolts  or  bolts  of  other  than 
4-foot  lengths,  but  sufficiently  indicative,  since  no  satisfactory  con- 
verting factors  for  stands  of  different  average  sizes  are  available. 
The  fact  that  volume  with  bark  of  a  single  tree  may  average  12  per 
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Figure  8.— Red  spruce.    Total  cubic-foot  volume  inside  bark,  per  acre 

cent  above  the  peeled  volumes  does  not  mean  that  cord  volumes  with 
bark  should  be  12  per  cent  higher.  With  the  inclusion  of  bark,  more 
roughness  must  be  expected;  the  bolts  of  such  cordwood  will  con- 
sequently fit  less  closely  than  the  peeled  bolts.  The  amount  of  ii^- 
crease  in  volume  is  therefore  larger  than  12  per  cent.  What  the  actual 
increase  is  can  only  be  guessed,  but  a  reasonable  guess  is  15  per  cent. 
The  cord  volume  of  Table  13  may  thus  be  increased  by  15  per  cent  to 
obtain  approximate  cord  volume  with  bark. 
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Tahlk  7. — Red  apruce:  Total  basal  area  per  acre  of  all  trees  in  and  above  the  Jf-inch 

diameter  class 


Total 
age 

Site  index 

70 

60 

60            40 

30 

Basal  area 

Square 

Square 

Square 

Square 

Square 

Yean 

feel 

feet 

feet 

feet 

feet     1 

30 

45 

38 

26 

14 

40 

127 

111 

88 

59 

17 

50 

206 

189 

164 

120 

46 

60 

•^44 

231 

213 

165 

77     1 

70 

260 

246 

228 

191 

100 

80 

269 

i56 

237 

203 

113 

90 

275 

261 

242 

208 

119 

100 

279 

266 

246 

213 

125 

110 

282 

269 

250 

216 

128 

Table  8.- 


-Red  spruce:  Number  of  trees  per  acre  in  and  above  the  4-inch  diameter 
class 


Total 

.  Site  index 

age 

70 

60 

60 

40 

30 

(years) 

Number  of  trees 

30 

404 

363 

264 

143 

40 

835 

790 

703 

535 

176 

50 

927 

983 

1,007 

903 

460 

60 

760 

868 

990 

1,044 

660 

70 

569 

666 

811 

973 

760 

80 

482 

566 

715 

912 

815 

90 

456 

533 

665 

882 

845 

100 

439 

515 

640 

855 

870 

110 

425 

497 

623 

840 

881 

Table  9. — Red  spruce: 


Average  breast-high  diameter  of  all  trees  in  and  above  the 
4-inch  diameter  class 


Total 
iige 

Site  index 

70 

60 

60 

40 

30 

Diameter,  breast  high 

Years 

Inches 

Inches 

Inches 

Inches 

Inches 

30 

4.5 

4.4 

4.3 

4.2 

40 

5.3 

5.1 

4.8 

4.6 

4.2 

50 

6.4 

6.9 

6.5 

4.9 

4.3 

60 

7.7 

7.0 

6.3 

6.4 

4.6 

70 

9.2 

a2 

7.2 

6.0 

4.9 

80 

10.1 

9.1 

7.8 

6.4 

6.0 

90 

10.6 

9.5 

8.2 

6.6 

6.1 

100 

10.8 

9.7 

&4 

&8 

6.1 

110 

ILO 

10.0 

&6 

6.9 

6.2 
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Table  10. — Red  spruce:    Total  cubic-fool  volume  inside  bark  per  acre  of  all  trees 
in  and  above  the  4-ii^eh  diameter  class 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Volume 

Years 

Cubic  feet 

Cubic  feet 

Cubic  feet 

Cubic  feet 

Cubic  feet 

30 

670 

470 

290 

125 

40 

2,580 

2,020 

1,430 

800 

195 

50 

5,280 

4  280 

3,250 

2,100 

670 

60 

7,240 

6,020 

4,700 

3,250 

1,240 

70 

8,430 

7,020 

6,590 

3,930 

1,750 

80 

9,150 

7,610 

6,060 

4,350 

2,060 

90 

9,580 

7,970 

6.340 

4,570 

2,208 

100 

9.870 

8,210 

6,520 

4,730 

2,310 

110 

10,  100 

8,410 

6,680 

4,850 

2,390 

Table  11. — Red  spruce:    Merchantable  cubic-foot  volume  per  acre  of  trees  in  and 
above  the  4-inch  diameter  class;  1-foot  stump  allowance,  3-inch  top  inside  bark 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Merchantable  volume 

Years 

Cubic  feet 

Cubic  feet 

Cubic  feet 

Cubic  feet 

Cubic  feet 

30 
40 

500 
2,160 

340 
1,650 

210 
1,110 

88 
600 

138 

60 

4,780 

3,770 

2,760 

1,670 

480 

60 

6,850 

5,550 

4,200 

2,750 

940 

70 

8,100 

6,620 

5, 150 

3,470 

1,400 

80 

8,880 

7,280 

5,700 

3,920 

1,670 

90 

9,300 

7,650 

6,000 

4,160 

1,800 

100 

9,570 

7,870 

6,190 

4,310 

1,900 

110 

9,800 

8,050 

6,350 

4,440 

1,990 

Table  12. — Red  spruce:  Merchantable  cubic-foot  volume  percentages  of  total  cubic- 
foot  volume  of  single  trees,  over  a  range  of  diameters  and  heights;  1-foot  stump 
allowance,  3-inch  top  inside  bark;  for  form  class  75 


Height  of  tree 

Diameter 
breast- 

high 

20  feet 

30  feet 

40  feet 

50  feet 

60  feet 

70  feet 

outside 
bark 

Merchantable  volum 

3 

Inches 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

4 

68 

68 

68 

68 

68 

86 

5 

80 

81 

82 

83 

84 

85 

6 

86 

87 

88 

89 

90 

91 

7 

88 

90 

91 

93 

93 

94 

8 

89 

91 

93 

94 

95 

95 

9 

90 

92 

93 

94 

95 

96 

10 

90 

92 

94 

95 

96 

96 

11 

91 

93 

94 

95 

96 

97 

12 

91 

93 

95 

96 

96 

97 

13 

91 

93 

95 

96 

97 

97 

14 

91 

93 

95 

96 

97 

97 
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Table  13. — Red  spruce:  Volume  in  cords  per  acre  of  aU  trees  in  and  above  the 
Jrinch  diameter  class,  obtained  by  applying  conversion  factor  of  95  to  Table  11 


Total 
age 

Site  index 

70 

00 

50 

40 

30 

Volume 

Yeara 

Cwd» 

Cordt 

Cords 

Cords 

Cords 

30 
40 

5.3 
22.7 

3.6 
17.4 

2.2 
11.7 

0.9 
6.3 

1.5 

50 

50.3 

39.7 

29.1 

17.6 

6.1 

60 

72.1 

58.4 

44.2 

28.9 

9.9 

70 

85.3 

69.7 

54.2 

36.5 

14.7 

80 

93.5 

76.6 

60.0 

41.3 

17.6 

90 

97.9 

80.5 

63.2 

43.8 

18.9 

100 

100.7 

82.8 

66.2 

45.4 

20.0 

110 

103.2 

84.7 

66.8 

46.7 

20.9 

TABLES  FOR   TREES  IN  AND   ABOVE  THE  7-INCH  DIAMETER  CLASS 

Tables  14,  15,  16,  and  17  give,  respectively,  for  the  partial  stand 
containing  all  trees  belonging  to  the  7-inch  diameter  class  and  larger, 
the  basal  area,  number  of  trees,  average  diameter,  and  board-foot 
volume  by  the  International  rule  with  }^-inch  saw  kerf.  Site  index  30, 
producing  a  very  neghgible  board-foot  volume,  if  any,  is  omitted 
entirely.  Like  the  4-inch  tables,  these  7-inch  tables,  with  the  excep- 
tion of  the  board-foot  yields,  are  derived  from  the  total-stand  values. 
Figure  9  presents  the  board-foot  yields  graphically.  No  allowance 
for  cull  is  included  in  these  volumes.     Site  index  50  begins  to  have 
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Figure  9.— Red  spruce.    Total  board-foot  volume  per  acre  by  the  International  rule,  ^6-inch 

saw  kerf 
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board-foot  volume  at  the  age  of  40  years  and  attains  its  maximum 
rate  of  increase  between  the  ages  of  60  and  70.  In  the  later  years, 
as  in  the  early  years,  rate  of  increase  in  volume  is  definitely  deter- 
mined by  site  quality. 


Table  14. 


-Red  spruce:  Total  basal  area  per  acre  of  all  trees  in  and  above  the  7-inch 
diameter  class 


Total 
age 

Site  index 

70 

60 

60 

40 

Basal  area 

Square 

Square 

Square 

Square 

Years 

feet 

feet 

feet 

feet 

40 

41 

28 

15 

50 

119 

92 

61 

26 

60 

199 

1G6 

117 

61 

70 

242 

215 

172 

97 

80 

260 

238 

198 

122 

90 

270 

247 

211 

134 

100 

275 

254 

218 

142 

110 

279 

259 

224 

160 

Table  15. — Red  spruce: 


Number  of  trees  per  acre  in  and  above  the  7-inch  diameter 
class 


Total 
age 

Site  index 

70 

60 

50 

40 

Number  of  trees 

Years 

40 

130 

92 

49 

50 

340 

276 

189 

86 

60 

485 

446 

335 

192 

70 

468 

480 

441 

286 

80 

445 

463 

467 

350 

90 

426 

455 

473 

376 

100 

415 

450 

474 

391 

110 

408 

443 

474 

402 

Table  16. — Red  spruce:   Average  breast-high  diameters  of  all  trees  in  and  above  the 

7-inch  diameter  class 


Total 
age 

Site  index 

70 

60 

50 

40 

Diameter, 

breast  high 

Years 

Inches 

Inches 

Inches 

Inches 

40 

7.6 

7.5 

7.6 

50 

8.0 

7.8 

7.7 

7.5 

60 

8.7 

8.3 

8.0 

7.6 

70 

9.7 

9.1 

8.6 

7.9 

80 

10.5 

9.7 

8.8 

8.0 

90 

10.8 

10.0 

9.0 

8.1 

100 

11.0 

10.2 

9.2 

8.2 

110 

11.2 

10.3 

9.3 

8.3 
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Table  17. — Red  aprttce:   Board-foot  volu^ne  per  acre  of  trees  in  and  above  the  7-inch 

diameter  class 


Total 
age 

Site  index 

70 

60 

60 

40 

Volume 

Years 
40 
60 
60 
70 
80 
90 
100 
110 

Board  feet 
3,300 
13,300 
28,400 
43,200 
52,900 
68,300 
61,500 
63.600 

Board  feet 
2,200 
9,900 
20,800 
31,800 
38,900 
42,800 
45,100 
46,600 

Board  feet 
1,200 
6,200 
13,300 
20,300 
24,800 
27,400 
28,800 
29,800 

Board  feet 

2.800 
5,800 
8,800 
10,800 
11,900 
12,600 
13,000 

TABLES  FOR  DOMINANTS  AND  CODOMINANTS 

A  few  tables  of  the  dominant  and  codominant  stand  are  of  interest, 
since  the  trees  which  constitute  this  partial  stand  form  the  main 
canopy  and  have  the  best  growth. 

In  Tables  18,  19,  and  20  are  given  the  values  for  basal  area,  number 
of  trees,  and  average  diameter  for  this  partial  stand.  Heights  have 
already  been  given  in  Table  1  and  Figure  2. 


Table  18.- 


-Red  spruce:  Total  basal  area  per  acre  of  all  dominant  and  codominant 
trees 


Total 
age 

Site  index 

70 

60 

60 

40 

30 

Basal  area 

Square 

Square 

Square 

Square 

Square 

Years 

feet 

feet 

fee*. 

feet 

feet 

20 

17 

17 

15 

13 

10 

30 

58 

55 

51 

45 

32 

40 

110 

104 

95 

82 

58 

50 

164 

152 

139 

117 

82 

60 

203 

187 

169 

140 

97 

70 

232 

211 

186 

153 

105 

80 

250 

228 

200 

163 

109 

90 

261 

237 

207 

167 

112 

100 

268 

244 

212 

171 

114 

110 

274 

249 

218 

175 

116 
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Table  19. — Red  spruce:  Number  of  trees  per  acre  in  the  dominant  and  codominan 

classes 


Total 

age 

(years) 


Site  index 


70  60 


50 


Number  of  trees 


40     30 


20 
30 
40 
50 
60 
70 
80 
90 
100 
110 


920 

1,070 

1,330 

1,900 

780 

895 

1,100 

1,510 

675 

765 

905 

1,220 

595 

655 

760 

980 

515 

560 

635 

795 

445 

477 

530 

645 

410 

438 

485 

680 

398 

428 

472 

565 

390 

420 

465 

555 

385 

415 

460 

540 

3,580 

2,760 

2,120 

1,665 

1,270 

975 

855 

820 

795 

780 


Table  20. — Red  spruce:  Average  hreast-high  diameter  of  all  dominant  and 

codominani  trees 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Diameter,  breast  high 

Years 

Inches 

Inches 

Inches 

Inches 

Inches 

20 

1.8 

1.7 

1.4 

1.1 

0.7 

30 

3.7 

3.4 

2.9 

2.3 

1.5 

40 

5.5 

5.0 

4.4 

3.5 

2.2 

50 

7.1 

6.5 

5.8 

4.7 

3.0 

60 

8.5 

7.8 

7.0 

5.7 

3.7 

70 

9.8 

9.0 

8.0 

6.6 

4.4 

80 

10.6 

9.8 

8.7 

7.2 

4.8 

90 

11.0 

10.1 

9.0 

7.4 

5.0 

100 

11.2 

10.3 

9.2 

7.5 

5.1 

110 

11.4 

10.5 

9.3 

7.7 

6.2 

INCREMENTS  AND   ROTATIONS 

Figures  10,  11,  and  12  give  graphically  the  mean  annual  and  the  10- 
year  periodic  annual  increments  for  total  cubic-foot  volume,  mer- 
chantable cubic-foot  volume,  and  board-foot  volume  computed 
directly  from  Tables  6,  11,  and  17.  For  length  of  rotation  the  cul- 
mination of  mean  annual  growth  is  chosen.  This  is  also  the  age  of 
intersection  of  the  curves  for  periodic  annual  and  mean  annual 
growths. 

The  best  rotation  for  total  cubic-foot  production  is,  therefore,  65 
years  total  age;  the  rotation  for  pulp  wood  production  varies  with 
site — 66  years  for  site  index  70,  68  years  for  site  index  60,  70  years  for 
site  index  50,  73  years  for  site  index  40,  and  79  years  for  site  index  30. 
The  rotation  for  quantity  board-foot  production  is  82  years.  Quality 
production  is  not  considered;  to  produce  the  maximum  amount  of 
good-quaUty  lumber  the  rotation  would  undoubtedly  have  to  be 
greatly  lengthened,  since  natural  pruning  does  not  take  place  at  an 
early  age. 


SECOND-GROWTH  SPRUCE  AND  FIR  IN  THE  NORTHEAST        21 


AO  50  60  70  80 

TOTAL  AGE    -  YEARS 


IOC       no 


FiouBK  10.— Red  spruce.    Periodic  and  mean  annual  increments  for  total  cubic-foot  volume 
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FiouBK  11.— Red  spruce.    Periodic  and  mean  annual  increments  for  merchantable  cubic-foot 
volume  of  all  trees  4  inches  in  diameter  at  breastheight  and  larger 
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STAND  TABLES 

Until  recently  stand  tables  have  had  but  a  small  place  in  yield 
studies.  The  present  tendency  is  to  observe  the  conformity  of 
diameter  distribution  in  a  stand  to  the'  normal  distribution  obtained 
from  the  Gauss  curve  of  error  or  the  law  of  probabilities.  Attempts 
to  fit  the  distribution  of  trees  in  second-growth  red  spruce  stands  to 
these  normal  distributions  result  in  failure,  since  the  smaller  diameters 
always  have  a  pronounced  tendency  to  include  disproportionately 
large  numbers  of  trees.  This  is  to  be  expected  with  a  tolerant  species 
such  as  red  spruce,  which  can  endure  a  suppressed  state  much  longer 
than  many  other  species. 

Although  the  species  does  not  conform  to  the  symmetrical  distri- 
bution, its  distribution  of  diameters  can  be  computed  in  a  simple  way 
by  means  of  Figure  13.  The  bottom  scale  indicates  the  diameter 
classes  in  a  stand.     On  the  vertical  scale  may  be  read  the  percentages 
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Figure  12. — Red  spruce.    Periodic  and  mean  annual  increments  for  total  board-foot  volume 

of  total  numbers  of  trees  in  and  below  the  range  of  diameter  limits  of 
the  stand  tally.  The  diagonals  represent  the  distribution  of  trees  by 
diameters  in  stands  with  average  stand  diameters  ranging  from  3  to 
15  inches.  The  average  diameter  of  the  stand  is  found  by  dividing 
the  total  basal  area  by  the  total  number  of  trees  and  then  converting 
the  resultant  average  basal  area  to  diameter  in  inches.  The  point 
where  a  diagonal  crosses  a  diameter  class  line  gives  the  percentage  of 
total  number  of  trees  in  and  below  that  diameter  class.  For  illustra- 
tion, let  a  certain  site  and  age  class  of  the  tables  be  taken,  for  instance 
site  50,  age  70,  for  which  the  average  diameter  according  to  Table  4 
is  7  inches.  The  diagonal  7  is  therefore  first  chosen,  and  the  diameter 
classes  which  it  crosses  are  listed.  Next,  at  each  diameter  class  the 
percentage  of  total  number  of  trees  is  read.  The  total  number  of 
trees,  which  for  this  site  and  age  class  is  849  (Table  3),  is  multiplied 
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by  each  of  the  percentages.  The  total  number  of  trees  in  each  class 
is  then  determined  by  subtracting  each  value  from  the  total  in  the  next 
larger  class.  In  this  way  a  stand  table  is  obtained.  The  basal  areas 
may  be  computed  and  the  results  compared  with  those  in  Table  2. 
Table  21  is  a  sample  computation  for  age  70  and  site  class  50. 


average:   diameter  of    stand  -  inches 

3     4      5      6      7    a    9   10   II    12  13  14  15 

7" 


6    7    6    9    10 
DIAMETER   CLASS 


15  20 

INCHES 


Figure  13,— Basis  for  red  spruce  stand  tables 


From  Tables  2,  8,  and  15,  the  normal  values  for  basal  area,  number 
of  trees  4  inches  and  over,  and  number  of  trees  7  inches  and  over  are 
found  to  be,  respectively,  230,  811,  and  441,  to  which  the  derived 
values  of  Table  21  correspond  closely. 
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Table  21. — Sample  computation  for  stand  table,  illustrating  the  use  of  Figure  13 
for  age  70,  site  index  50,  at  which  average  breast-high  diameter  of  stand  is  7  inches 
and  total  number  of  trees  849 


Diameter 
breast 
high 

Trees  be- 
low given 
diameter 
class 

Trees  be- 
low given 
diameter 
class 

Trees  in 

diameter 

class  1 

Basal 

area  in 

diameter 

class 

Inches 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 

Total 

Per  cent 

0.2 

1.2 

4.5 
13.0 
27.5 
47.5 
67.5 
83.0 
92.0 
96.8 
98.9 
99.64 
99.9 
99.98 

Number 

2 

10 

38 

110 

233 

403 

573 

705 

781 

822 

840 

846 

848 

849 

Number 

2 

8 

28 

72 

123 

170 

170 

132 

76 

41 

18 

6 

2 

1 

Square 
feet 

0.2 

1.4 

6.3 

16.7 

33.3 

45.4 

46.1 

33.6 

22.3 

11.9 

4.7 

1.8 

1.1 

849 

224.8 

»  Number  of  trees  4  inches  and  over,  811;  7  inches  and  over,  446. 


VOLUME  TABLES 

A  multitude  of  volume  tables  exist  for  red  spruce;  they  are  ex 
pressed  in  varying  units  for  many  localities  and  conditions.  Very 
few,  however,  would  be  applicable  to  a  yield  study  for  the  whole 
region,  and  in  addition,  none  of  them  are  expressed  in  terms  of  the 
International  rule.  For  this  reason  new  volume  tables  based  on  the 
form-class  system  as  developed  by  Behre  (44,  4-5,  4^)  were  prepared 
for  use  in  this  study.  Tables  22,  23,  and  24  contain  the  normal 
total  cubic-foot  volumes  of  trees  and  Tables  26,  27,  and  28  the  board- 
foot  volumes  by  the  International  rule  (}^-inch  kerf)  for  form  classes 
65,  70,  and  75.  Normal  volume  may  be  defined  as  the  volume  of 
a  tree  the  taper  of  which  is  expressed  by  Behre 's  formula  for  tree 
taper.  As  applied,  it  is  the  total  volume  of  a  tree  inside  bark,  not 
including  butt  swell.  The  diameters  of  the  tables  are  so-called 
normal  breast-high  diameters,  which  are  the  diameters  of  bodies  of 
the  ideal  taper  expressed  by  the  formula.  A  reduction  is  therefor<^ 
needed  for  each  species  to  give  the  amount  of  bark  thickness  and  butt 
swell,  since  these  are  considered  to  be  the  two  important  factors  in 
making  species  tapers  nonconformable  to  the  theoretical  taper. 
Table  25  gives  the  actual  and  normal  diameters  for  red  spruce,  white 
spruce,  and  balsam  fir. 
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Table  22. — Form-class  volume  table  for  total  cubic  feet:  Form  class  65 


Normal 
diame- 
ter 
breast 
high 
(inches) 

Total  height,  feet 

20 

26 

30 

36 

40 

45 

60 

65        60 

66        70 

75 

80 

85 

Normal  volume,>  cubic  feet 

1 

0.066 
.263 
.690 
1.06 
1.64 
2.36 
3.22 

0.077 
.307 
.689 
1.22 
1.91 
2.76 
3.76 
4.91 

0.087 
.350 
.786 
1.40 
2.18 
3.14 
4.28 
6.60 
7.09 
8.74 

0.099 
.397 
.890 
1.68 
2.48 
3.67 
4.86 
6.35 
7.99 
9.92 

12.0 

14.3 

a  112 

.447 
1.00 
1.78 
2.79 
4.01 
6.47 
7.15 
9.00 

11.2 

13.6 

16.1 

18.9 

21.9 

25.1 

28.6 

0.123 
.493 
1.11 
1.97 
3.07 
4.43 
6.03 
7.89 

10.0 

12.3 

14.8 

17.7 

20.7 

24.2 

27.6 

31.6 

35.5 

39.9 

44.4 

49.3 

54.3 

59.7 

65.2 

71.0 

2 

0.641 
1.22 
2.16 
3.37 
4.86 
6.62 
8.66 

10.9 

13.5 

16.3 

19.5 

22.7 

26.5 

30.3 

34.6 

38.9 

43.8 

48.7 

54.1 

59.6 

65.5 

71.4 

77.9 

3 

4 

2.36 
3.67 
6.29 
7.21 
9.42 
11.8 
14.7 
17.7 
21.2 
24.8 
28.9 
33.0 
37.7 
42.4 
47.7 
53.0 
58.9 
64.9 
71.3 
77.7 
84.8 

2.56 
3.98 
5.74 
7.81 
10.2 
12.9 
15.9 
19.3 
23.0 
27.0 
31.3 
35.8 
40.8 
46.0 
51.7 
57.5 
63.8 
70.1 
77.2 
84.3 
91.9 

6 

i' 

6 

7 

8 

6.15 
8.41 
11.0 
13.8 
17.1 
20.7 
24.6 
28.9 
33.6 
38.4 
43.8 
49.4 
55.5 
61.8 
68.5 
75.4 
82.9 
90.8 
98.7 

6.59 
9.01 
11.7 
14.8 
18.3 
22.1 
26.4 
30.8 
35.9 
41.0 
46.9 
62.8 
59.4 
66.1 
73.3 
80.7 
88.7 
96.9 
106 

7.02 
9.60 
12.6 
15.8 
19.5 
23.6 
28.1 
33.0 
38.3 
43.9 
50.0 
56.4 
63.3 
70.6 
78.1 
86.2 
94.6 

103 

112 

7.45 
10.2 
13.3 
16.8 
20.7 
25.1 
29.8 
36.0 
40.6 
46.6 
63.1 
69.8 
67.2 
74.8 
82.9 
91.3 

100 

110 

119 

7.88 
10.8 
14  0 

9 

17  7 

10 

21  9 

11 

26  4 

12 

31  6 

13 

36.9 

14 1 

43  0 

16 

49  0 

16 

"" 

"  5fl  1 

17 

63  1 

18 

71  0 

19 

79  0 

20 

87  7 

21 

96  7 

22 

106 

23 

116 

24 i 

126 

1 

»  Total  cubic-foot  volume  without  butt  swell. 

Table  23. — Form-class  volume  table  for  total  cubic  feet:  Form  class  70 


Normal 
diame- 
ter 
breast 
high 
(inches) 

Total  height,  feet 

20 

25 

30 

35 

40 

45 

60 

56 

60 

66 

70 

76 

80 

85 

Normal  volume,»  cubic  feet 

1 

0.068 
.273 
.610 
1.09 
1.70 
2.45 
3.34 

0.081  0.093 
.323     .374 
.730'    .842 

1.29  1  1.49 

0.106'    0.119 
.  426       .  478 
.966     1.07 
1.70  i     1.90 
2.65  1    2.98 

2 

0.530 

1.19 

2.11 

3.30 

4.76 

6.49 

8.48 

10.7 

13.2 

16.0 

19.1 

22.3 

26.0 

29.7 

33.9 

38.0 

42.0 

47.6 

63.0 

68.2 

64.1 

69.9 

76.4 

. 

3 

1.31 
2.32 
3.63 
5.24 
7.13 
9.32 
11.8 
14.6 
17.6 
21.0 
24.5 
28.5 
32.7 
37.3 
42.0 
47.2 
62.7 
68.2 
64.3 
70.5 
77.4 
83.9 

4 

2.53 
3.96 
5.71 
7.77 
10.2 
12.8 
15.9 
19.1 
22.8 
26.7 
31.1 
35.6 
40.6 
45.7 
61.4 
57.2 
63.5 
70.0 
76.8 
84.0 
91.4 

2.74 
4.28 
6.18 
8.41 
11.0 
13.8 
17.2 
20.7 
24.7 
29.0 
33.7 
38.5 
44.0 
49.5 
55.7 
61.9 
68.7 
75.7 
83.2 
90.8 
00.0 

6 

2.02 
2.90 
3.96 
5.17 

2.33 
3.36 
4.58 
6.97 
7.68 
9.32 

6 

7 

8 

3.83 
6.21 
6.81 
a63 
10.6 
12.8 

4.29 
5.85 
7.64 
9.68 
11.9 
14  4 

6.65 
9.05 
11.8 
15.0 
18.5 
22.3 
26.6 
31.0 
36.2 
41.3 
47.3 
63.1 
59.9 
66.5 
73.9 
81.2 
80.5 
07.6 
107 

7.12 
0.69 
12.7 
16.0 
19.8 
23.9 
28.6 
33.3 
38.8 
44.4 
50.6 
67.1 
64.1 
71.6 
79.2 
87.6 
95.8 

105 

114 



7.60 
10.4 
13.6 
17.1 
21.2 
25.6 
30.5 
35.7 
4L6 
47.6 
64.2 
61.2 
68.6 
76.6 
84.6 
93.6 

102 

113 

a  07 

11.0 
14.4 

ia2 

22.4 
27.1 
32.3 
38.8 
44.0 
50.3 
57.4 
64.9 
72.8 
81.4 
89.9 
99.9 

109 

119 

129 

a64- 
11.6 
16.2 
19.2 
23.8 
28.7 
34.2 
40.0 
46.6 
63.1 
6a7 
68.3 
77.0 
86.5 
05.1 

106 

116 

126 
•137 

9 

10 

11 

12 



16.3    1  17  Q 

13 



20.1 
23.4 
26.8 
30.6 

14 

16 

1 

16 

17 

1 

18 

1 

19 

1 

1... 

20 

1     "  "' 

— .—  1 

21 

22 

23 

34 

1  Total  cabio-foot  volume  without  butt  swell. 
69794—29 i 
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Table  24. — Form-class  volume  table  for  total  cubic  feet:  Form  class  75 


Normal 
diame- 
ter 
breast 
high 
(inches) 

Total  height,  feet 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

Normal  volume,'  cubic  feet 

1 

0.072 

.287 
.645 
1.15 
1.79 
2.58 
3.51 

0.086 
.342 
.768 
1.36 
2.13 
3.07 
4.19 
5.47 

0.099 
.398 
.894 
1.59 
2.48 
3.58 
4.87 
6.37 
8.07 
9.95 

0.114 
.455 
1.02 
1.82 
2.84 
4.10 
5.58 
7.29 
9.24 

11.4 

13.8 

16.4 

0.128 
.512 
1.15 
2.04 
3.20 
4.60 
6.27 
8.20 

10.4 

12.8 

15.5 

18.4 

21.7 

25.1 

28.8 

32.8 

2 

0.569 
1.28 
2.27 
3.55 
5.12 
6.97 
9.11 
11.5 
14.2 
17.2 
20.5 
24.0 
27.9 
32.0 
36.4 
41.1 
46.1 
1  51.3 
56.9 
62.8 
68.9 
75.4 
82.0 

3 

1.42 
2.50 
3.92 
5.64 
7.69 
10.0 
12.7 
15.7 
19.0 
22.6 
26.5 
30.8 
35.3 
40.2 
45.4 
50.9 
56.9 
62.8 
69.5 
76.0 
83.5 
90.5 

4 

2.73 
4.27 
6.15 
8.38 
11.0 
13.9 
17.1 
20.7 
24.6 
28.9 
33.6 
38.4 
43.8 
49.3 
55.5 
61.8 
68.5 
75.5 
82.9 
90.8 
98.7 

2.97 
4.63 
6.67 
9.09 
11.9 
15.0 
18.5 
22.5 
26.7 
31.4 
36.4 
41.8 
47.5 
53.6 
60.1 
67.1 
74.2 
82.1 
89.8 
98.5 
107 

5 

6. 

7 

8 

7.19 
9.80 
12.8 
16.2 
20.0 
24.2 
28.8 
33.8 
39.2 
44.9 
61.2 
57.7 
64.8 
72.1 
80.0 
88.2 
96.9 

106 

115 

7.71 
10.5 
13.7 
17.4 
21.4 
25.9 
30.8 
36.1 
42.0 
48.0 
64.9 
61.9 
69.4 
77.5 
85.7 
94.8 

104 

113 

123 

8.22 
11.2 
14.7 
18.6 
22.9 
27.7 
33.0 
38.6 
44.9 
61.3 
58.6 
66.0 
74.2 
82.6 
91.7 

102 

111 

122 

132 

8.74 
11.7 
15.6 
19.7 
24.3 
29.4 
35.0 
41.1 
47.7 
64.7 
62.3 
70.3 
78.8 
88.1 
97.3 

108 

118 

129 

140 

9.26 
12.5 
16  4 

9 

10 

11 

20.9 
25.8 
31.2 

12. 

37.1 

13 

43.4 

li. 

60  6 

15 ;. 

58.0 

16—.  . 

66.0 

17 

74.3 

18 

83.6 

19 

93.0 

20 

103.0 

21 

115 

22 

125 

23  . 

137 

24 

149 

1  Total  cubic-foot  volume  without  butt  swell. 


Table  25. 


-Normal  diameters  of  red  spruce,  white  spruce,  and  balsam  fir. 
breast-high  diameters  minus  bark  thickness  and  butt  swell) 


{Actual 


Actual  diameter 
breast  high 

Red  spruce, 
normal 
diameter 

White 
spruce, 
normal 
diameter 

Balsam  fir, 
normal 
diameter 

Inches 

1 

2 

3 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Basis  (trees) 

Inches 
0.94 
1.86 

Inches 
0.93 

Inches 
0.96 

1.87 
2,80 
3.73 
4.66 
5.60 
6.53 
7.46 
8.40 
9.33 
10.26 
11.20 
12.13 
13.06 
14.00 
14.93 

2.84 
3.78 
4.73 
6.68 
6.62 
7.57 
8.61 
9.46 
10.41 
11.35 
12.30 

2.79 
3.70 
4.62 
6.62 
6.42 
7.32 
8.23 
9.13 
10.03 
10.93 
11.84 
12.74 
13.64 
14.64 
15.44 

13.24 
14.19 
15.14 
16.08 
17.03 
17.97 
18.92 
19.87 
20.81 
21.76 
22.70 

16.79 
17.73 
18.66 
19.59 
20.63 
21.46 
22.39 

16.35 
17.25 
18.15 
19.05 
19.95 
20.86 
21.76 

650 

337                 346 

The  heavy  Hnes  indicate  the  extent  of  the  basic  data. 
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Table  26. 


-Form-daaa  volume  table  for  hoard  feet  by  the  International  riUe,  Ys-inch 
saw  kerf:  Form  class  65 


Normal 

Total  height,  feet 

diameter 
breast  high 

30 

86 

40 

« 

60   I   66   1   60 

66 

70 

76 

to 

(Inches) 

Normal  volume,  board  feet 

7 

11 
16 
21 
28 
34 
40 

16 
21 
28 
36 
44 
64 
64 
76 

18 
25 
34 
45 
66 
68 
81 
96 
112 
130 

21 
30 
41 
63 
66 
81 
97 
115 
134 
165 
179 
204 

25 

35 

47 

62 

78 

95 

114 

135 

157 

180 

207 

236 

264 

294 

325 

366 

386 

413 

28 

40 

53 

70 

88 

108 

130 

153 

178 

205 

235 

267 

299 

333 

369 

406 

444 

485 

31 
44 

59 
77 
98 
121 
144 
170 
199 
230 
263 
298 
334 
373 
414 
457 
600 
546 

8 

49 
65 
84 
108 
133 
160 
190 
222 
257 
293 
331 
372 
414 
460 
608 
558 
611 

69 
71 
92 

118 
145 
176 
210 
245 
283 
322 
363 
408 
455 
506 
659 
615 
674 

0 

10 

101 
127 
168 
190 
228 
266 
307 
350 
396 
444 
497 
662 
610 
672 
737 

110 

11 

139 

12... 

172 

13 

207 

14 

246 

16 

287 

16 

333 

17..::: 

" 

379 

18 

429 

19 

' 

486 

ao 

640 

21 

600 

22 



662 

2B 

731 

24 



800 

Table  27. — Form-class  volume  table  for  board  feet  by  the  International  rule,  Yi-inch 

saw  kerf:  Form  class  70 


Normal 

Total  height 

feet 

diameter 
breast  high 

30   1   35 

40 

« 

50   1   66 

«, 

66 

70 

7» 

«. 

(inches) 

Normal  volume,  board  feet 

7 

12 
18 
26 
34 

16 
23 
32 
42 
51 
60 

20 
28 
39 
51 
63 
75 
90 
107 
125 
146 

24 
34 
46 
60 
75 
90 
109 
129 
150 
174 
199 
226 

28 

40 

64 

70 

87 

105 

127 

150 

174 

202 

231 

263 

294 

328 

357 

388 

419 

460 

33 
46 
61 

80 
99 
120 
144 
170 
198 
230 
263 
299 
334 
372 
409 
444 
482 
519 

37 
61 
69 
89 
111 
135 
162 
191 
223 
259 
296 
335 
375 
418 
460 
503 
648 
590 

8 

66 
76 
98 
123 
150 
180 
213 
248 
287 
328 
372 
416 
463 
511 
561 
613 
663 

61 
83 
106 
134 
165 
198 
235 
273 
315 
360 
408 
458 
510 
564 
620 
678 
735 

67 
91 
115 
146 
180 
216 
257 
299 
344 
393 
446 
600 
657 
618 
680 
742 
806 

9 

10 

11 

168 

12 

195 

13 

235 

14 

279 

16 

324 

10 

373 

17 

425 

18 

480 

19 

641 

20 

.... 

603 

21 

671 

22 

739 

23 

807 

24 

877 

Table  28. — Form-doss  volume  table  for  board  feet  by  the  International  rule,  Ys-inch 
saw  of:  Form  class  75 


Total  height,  feet 

Normal  diameter  breast  high 
(inches) 

30  1  35  1  40 

« 

60  1  65  1  60 

« 

70 

75 

80 

Normal  volume,  board  feet 

7 

14 
21 
29 
40 

18 
27 
37 
60 

23 

33 
46 
60 
73 
87 
103 
122 
143 
166 

28 

40 

64 

70 

87 

105 

125 

146 

170 

196 

223 

262 

33 

46 

61 

80 

99 

120 

144 

170 

197 

227 

258 

291 

325 

363 

400 

435 

470 

603 

38 
52 
69 
90 
113 
136 
163 
192 
223 
258 
294 
332 
372 
414 
460 
508 
657 
610 

8 

58 
78 
100 
125 
153 
182 
215 
250 
288 
330 
374 
418 
464 
616 
567 
620 
678 

66 
87 
110 
139 
170 
202 
238 
278 
320 
366 
415 
464 
615 
568 
625 
684 
747 

... 

71 
96 
120 
151 
184 
220 
260 
306 
351 
403 
457 
611 
668 
624 
687 
749 
816 

■■"77' 
105 
132 
165 
202 
240 
283 
331 
382 
438 
498 
658 
620 
682 
749 
813 
882 

9 

10 

11 

179 

12 

219 

13 

262 

14 

308 

15 

358 

16 

413 

17 

473 

18-. 

539 

19 



606 

20 

674 

21 

740 

22 

809 

23 

...... 

879 

24 

960 
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The  computation  of  separate  tables  for  each  species  is  made  un- 
necessary by  the  use  of  the  procedure  described  below  and  illustrated 
in  Figure  14.  This  method  has  been  tried  out  thoroughly  and  has 
been  found  to  be  entirely  practical  and  easily  applicable  after  the 
first  principles  are  mastered. 

The  values  of  Table  24  are  plotted  on  logarithmic  coordinate  paper. 
The  10  by  10  inch,  1 -cycle  paper  is  the  most  convenient  size  for  this 
work.  Normal  diameters  are  read  along  the  base,  starting  with  1  inch 
at  the  left  and  proceeding  to  10  inches  at  the  right,  then  returning  to 
the  left  end,  starting  with  10  inches  and  ranging  to  100  inches  at  the 
extreme  right.  The  vertical  axis  represents  cubic-foot  volumes  with 
similar  ranges.  The  volumes  of  each  height  class  fall  in  a  straight 
line.  In  addition  the  lines  are  parallel  to  one  another.  With  this 
mode  of  form-class  volume  table,  the  volume  lines  can  be  easily  drawn 
in  by  pointing  off  the  intercepts  on  any  of  the  graduations  and 
drawing  in  the  lines  with  a  slope  of  2  to  the  base.  If  logarithmic 
paper  of  several  cycles  were  used  these  lines  would  be  continuous,  but 
with  1-cycle  paper,  such  as  is  used  here,  the  lines  are  interrupted. 

As  an  example,  take  the  line  for  height  60  which  starts  at  the 
base  at  2.5  inches  and  runs  diagonally  to  the  top  to  8  inches;  starts 
again  at  the  base  at  8  inches  and  runs  out  at  the  right  edge  at  10.87; 
and  begins  at  the  left  edge  at  10.87  and  runs  out  at  the  top  at  25 
inches.  The  next  step  is  to  impose  upon  the  diagram  (see  the  scale 
at  the  bottom  and  top  of  fig.  14)  the  diameter  reductions  for  the 
species.  (Table  25.)  Then,  over  the  respective  reduced  diameters 
and  at  the  proper  height  fines,  the  volumes  for  the  corresponding 
species,  diameters,  and  heights  can  be  read.  In  the  figure,  for  purpose 
of  illustration,  broken  lines  connect  several  actual  diameters.  The 
location  of  the  decimal  point  is  obtained  by  comparison  with  the 
original  table  and  after  a  little  practice  can  be  easily  remembered. 
Figure  14  is  for  illustration  only.  When  the  data  are  to  be  applied, 
finely  graduated  logarithmic  paper  should  be  used. 

The  total  volume  of  any  number  of  trees  of  any  one  diameter  and 
height  is  read  directly  from  the  graph.  On  the  left  of  Figure  14  there 
is  a  scale  with  the  same  divisions  as  the  main  diagram.  Such  a 
scale  should  be  prepared  on  a  separate  strip,  preferably  xylonite,  by 
tracing  the  original. 

As  a  specific  example,  it  is  desired  to  obtain  the  volume  of  20  red 
spruces  7  inches  d.  b.  h.,  height  43  feet.  Over  the  diameter  7  inches, 
as  reduced  for  red  spruce,  the  position  of  height  43  between  the 
40-foot  and  45-foot  lines  is  approximated  by  eye.  Now  place  the 
vertical  scale  on  the  chart  with  one  of  the  ends  at  this  point,  so  that 
the  **2"  (representing  here  20  trees)  falls  somewhere  on  the  chart. 
In  this  instance  the  upper  end  is  used.  Eunning  along  the  vertical 
scale  to  point  2  read  off  the  volume  value  and  place  the  decimal 
point.  The  result  is  112  cubic  feet,  ascertained,  in  this  way,  by  a 
single  reading.     The  principle  involved  is  that  of  the  slide  rule. 

Board-foot  volume  tables  (Tables  26,  27,  and  28)  are  treated  in  an 
exactly  similar  fashion.  These  volumes  were  drawn  up  according  to 
the  International  rule  for  }^-inch  saw  kerf,  allowing  1  foot  for  stump, 
using  16.3-foot  logs  scaled  as  16-foot  logs,  and  an  odd  length  section 
to  a  5-inch  top  inside  bark. 
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The  value  of  the  average  form  class  or  form  quotient  of  a  stand  is 
necessary  in  using  these  tables.*  Form  class  or  form  quotient  is  the 
quotient  obtained  by  dividing  the  diameter  at  half  the  height  above 
breastheight  by  the  diameter  at  breastheight.  Form  point  is  defined 
as  that  point  in  the  crown  which  can  be  considered  the  center  of  wind 
stress.     It  will  be  more  or  less  the  geometrical  center  of  the  crown. 


RED 
iPRUCt  'i 


No.Trees 


6       7       8      9     10 


ACTUAL    BREAST-HIGH     DIAMETERS 


Figure  14.— Normal  volume  table  for  total  cubic-foot  form  class  75,  plotted  on  logarithmic 
paper  and  adapted  to  red  spruce 

Form-point  height  is  the  percentage  of  the  total  height  at  which  this 
point  occurs.  In  Figure  15,  the  relation  between  form-point  height 
and  form  class  is  expressed  by  regression  lines.  (See  p.  30.)  In  the 
field  measurements  the  form-point  heights  of  a  number  of  the  domi- 
nants and  codominants  (about  20  in  a  stand)  are  taken  and  averaged. 
The  form  class  corresponding  to  this  average  height  is  read  from  the 
chart  and  the  volume  table  nearest  in  form  class  is  then  used. 


*  The  relation  of  form-point  height  and  form  quotient  has  been  studied  by  C.  E.  Behre,  and  the  pre* 
liminary  results  are  given  here.  Later  modifications  and  refinements  wiU  undoubtedly  be  made,  but  the 
present  conclusions  are  sufilciently  accurate. 
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For  fully  stocked  second-growth  red  spruce  stands,  form  class  75 
was  the  one  which  occurred  most  commonly,  and  form  class  70 
occurred  occasionally.  Balsam  fir  and  white  spruce  stands,  however, 
averaged  70,  occasionally  falling  off  to  65.  The  lowering  of  form  class 
within  a  species  is  ordinarily  connected  with  open  stocking  or  young 
age. 

YIELDS   OF   MIXED   STANDS 

The  effect  of  mixtures  of  white  spruce  and  balsam  fir  on  the  yields 
of  red  spruce  is  not  quite  as  definite  as  may  be  supposed.  A  detailed 
statistical  analysis  failed  to  bring  out  any  definite  relation  with  any 


30  40  50  60  70  80  90  100 

HEIGHT  OF  FORM  POINT  ABOVE  BREAST  HEIGHT  IN  PERCENTAGE 
OF  TOTAL  HEIGHT  ABOVE!  BREAST  HEIGHT 
Figure  15.— Relation  between  form-point  height  and  form  class,  expressed  by  regression  lines! 

of  the  factors  considered.  As  it  is,  some  of  the  plots  which  were 
used  as  a  basis  for  the  fully  stocked  red  spruce  tables,  chiefly  of  the 
younger  ages,  were  somewhat  mixed.  All  indications  lead  to  the 
conclusion  that  the  tables  presented  apply  equally  well  to  stands 
which  have  moderate  amounts  of  white  spruce  and  balsam  fir  in  them. 
The  composition  found  may  vary  from  100  per  cent  red  spruce 
through  all  grades  to  100  per  cent  balsam  fir  or  100  per  cent  white 
spruce.  In  the  same  stands,  the  average  dominant  and  codominant 
red  spruce  was  found  to  be  on  the  whole  10  per  cent  shorter  in  height 
than  the  average  dominant  and  codominant  balsam  fir  and  4  per  cent 
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shorter  than  average  dominant  and  codominant  white  spruce.  How- 
ever, in  mixed  stands  of  balsam  fir  and  white  spruce  alone,  these 
species  averaged  the  same  height.  Therefore,  since  among  the  plots 
measured  such  mixtures  were  much  more  common  than  the  mixtures 
of  red  spruce  and  white  spruce  and  since  the  mixtures  of  red  spruce 
and  balsam  fir  were  also  very  common,  it  can  be  concluded  that  the 
heights  of  the  average  dominant  and  codominant  balsam  fir  and  white 
spruce  should  be  reduced  10  per  cent  to  obtain  the  equivalent  red 
spruce  height. 

Wlien  the  stands  are  predominantly  balsam  fir  or  white  spruce,  the 
trends  of  growth  have  been  found  to  be  significantly  different  from 

HEIGHT- 
FEET 


20 


30  40  50  60 

TOTAL  AGE -YEARS 


70 


&0 


90 


FiouBK  16.— White  spruce  site  index  based  upon  tho  height  of  the  average  dominant  and  codomi- 
nant tree 

that  of  red  spruce.  For  this  reason  tables  for  total  basal  areas^ 
number  of  trees,  average  tree  diameter,  and  board-foot  volume  have 
been  drawn  up  for  stands  chiefly  composed  of  either  of  these  species. 
The  small  number  of  these  plots  does  not  permit  the  more  detailed 
analysis  made  for  red  spruce. 

In  general  the  same  qualifications  and  definitions  hold  true  for  the 
white  spruce  and  balsam  fir  tables  that  are  given  for  the  respective  red 
spruce  tables.  Site  is  indicated  in  these  two  sets  of  tables  by  the 
species  in  question  and  not  by  the  equivalent  red  spruce  site. 

Figure  16  and  Tables  29,  30,  31,  32,  33,  and  34  present  for  white 
spruce  the  values  for  site  indices  or  heights  of  the  dominants,  total 
basal  areas  per  acre,  total  number  of  trees  per  acre,  size  of  the  average 
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tree,  yields  of  the  stand  in  total  cubic  feet,  and  yields  of  the  stand  in 
board  feet  by  the  International  rule,  )^-inch  saw  kerf.  Figure  17 
and  Tables  35,  36,  37,  38,  39,  and  40  give  similar  balsam  fir  values. 
Site  30  is  left  out  in  most  of  the  tables  for  neither  species  ranges 
commonly  below  site  40. 

White  spruce  and  balsam  fir  are  evidently  both  unsuited  to  main- 
taining a  complete  crown  canopy.  Balsam  fir  stands  especially  seem 
to  break  up  after  the  early  ages  have  been  passed.     In  the  collection 
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Figure  17.— Balsam  fir  site  index  based  upon  the  height  of  the  average  dominant  and  codomi- 

nant  tree 

of  material  for  the  tables,  stands  with  complete  canopies  were  desired. 
Consequently  there  is  the  chance  that  these  tables  do  not  represent 
the  best  conditions  for  growth,  but  rather  an  overstocked  condition, 
resulting  in  poor  individual  tree  development.  Sufficient  satisfactory 
material  was  lacking  from  which  to  draw  more  definite  conclusions. 
If  the  volume  increments  for  the  white  spruce  tables  and  the  balsam 
fir  were  computed  and  graphed  in  figures  similar  to  Figures  10  and  12, 
it  would  be  found  that  the  rotation  for  total  cubic  feet  for  white  spruce 
is  58  years  and  that  for  balsam  fir  55  years,  and  that  the  rotations  for 
board-foot  volume  are,  respectively,  78  and  82  years. 
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Table  29. — White  spruce:  Site  index  baaed  upon  the  height  of  the  average  dominant 

and  codominant  tree 


Total 
age 

Site  index 

70 

60         50 

40 

30 

Height 

Years 

Feet 

Feet 

Feet 

Feet 

Feet 

20 

12 

11 

10 

9 

8 

30 

28 

25 

21 

18 

14 

40 

45 

38 

32 

26 

20 

50 

58 

50 

42 

34 

26 

60 

fi7 

58 

48 

38 

29 

70 

72 

62 

52 

41 

31 

80 

76 

66 

64 

44 

32 

90 

80 

68 

56 

45 

34 

Table  30.- 


■White  spruce:  Total  basal  area  per  acre  of  all  trees  above  0.6-inch 
diameter  breast  high 


Total 
age 

Site  index 

70 

60 

50 

40 

Basal  area 

Square 

Square 

Square 

Square 

Years 

feet 

feet 

feet 

feet 

20 

24 

22 

19 

17 

30 

90 

86 

79 

71 

40 

180 

172 

158 

140 

50 

219 

209 

192 

172 

60 

232 

222 

204 

183 

70 

238 

228 

210 

187 

80 

241 

230 

212 

189 

90 

243 

232 

213 

191 

Table  31. — White  spruce:  Total  number  of  trees  per  acre  above  0.6-inch  diameter 

breast  high 


Total 

Site  index 

age 

70 

60 

50 

40 

(years) 

Number  of  trees 

20 

3,370 

4,470 

5.880 

7,530 

30 

2,170 

2,880 

3,780 

4,840 

40 

1,320 

1,800 

2,360 

2,980 

50 

790 

1,090 

1,420 

1,820 

60 

540 

720 

945 

1,210 

70 

420 

570 

750 

965 

80 

365 

500 

655 

845 

90 

345 

470 

615 

785 
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Table  32. — White  spruce:  Breast-high  diameter  of  average  tree 


Total 

Site  index 

70 

60 

50 

40 

age 

Diameter  breast  high 

Years 

Inches 

Inches 

Inches 

Inches 

20 

1.1 

1.0 

0.8 

0.6 

30 

2.8 

2.3 

2.0 

1.6 

40 

5.0 

4.2 

3.5 

2.9 

60 

7.1 

5.9 

5.0 

4.2 

60 

8.9 

7.5 

6.3 

5.3 

70 

10.2 

8.6 

7.2 

6.0 

80 

11.0 

9.2 

7.7 

6.4 

90 

11.4 

9.5 

8.0 

6.7 

Table  33.- 


■White  spruce:  Total  cubic-foot  volume  per  acre  of  all  trees  above  0.6  inch 
diameter  breast  high 


Total 


Years 
20 
30 

40 
50 
60 
70 


Site  index 


70 


50 


40 


Volume 


Cubic  feet 

Cubic  feet 

Cubic  feet 

170 

143 

106 

1,060 

890 

715 

3,430 

2,860 

2,310 

5,550 

4,640 

3,760 

6,860 

5,740 

4,630 

7,680 

6,420 

6,180 

8,240 

6,880 

5,560 

8,700 

7,280 

5,880 

Cubicfeet 
90 
540 
1,760 
2,840 
3,510 
3,920 
4,210 
4,450 


Table  34. — White  spruce:  Board-foot  volume  per  acre  of  all  trees  in  and  above  the 
7-inch  diameter  breast-high  class,  by  the  international  rule,  }i-inch  saw  kerf 


Total 

Site  index 

70 

60                60 

40 

age 

Volume 

Board 

Board 

Board 

Board 

Years 

feet 

feet 

1,720 

feet 

40 

4,200 

2,950 

460 

60 

18,800 

13,100 

7,650 

2,060 

60 

35,200 

24,600 

14,300 

3,850 

70 

47,200 

33,000 

19,200 

5,150 

80 

54,700 

38,200 

22,200 

5,900 

90 

60,700 

42,300 

24,700 

6,660 
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Table  35. — BaUam  fir:  Site  index  baaed  upon  the  height  of  the  average  dominant 

and  codominant  tree 


Total 
age 

Site  index 

70 

60 

50 

40 

30 

Height 

Years 

Fed 

Feet 

Feet 

Feet 

Feet 

20 

13 

12 

10 

9 

8 

30 

30 

26 

22 

18 

14 

40 

47 

40 

34 

27 

21 

50 

60 

51 

43 

34 

26 

60 

67 

58 

48 

38 

29 

70 

72 

62 

52 

41 

31 

80 

76 

65 

54 

43 

32 

90 

78 

67 

56 

44 

33 

Table  36. — Balsam  fir:  Total  basal  area  per  acre  of  all  trees  over  0.6  inch  diameter 

breast  high 


Total 

Site  index 

70 

60 

50 

40 

age 

Basal  area 

Square 

Square 

Square 

Square 

Years 

feet 

feet 

feet 

feet 

20 

21 

20 

18 

16 

30 

99 

93 

87 

78 

40 

180 

170 

-158 

143 

50 

221 

209 

194 

176 

60 

238 

226 

210 

189 

70 

248 

234 

217 

196 

80 

253 

240 

223 

201 

90 

259 

245 

227 

205 

Table  37. — Balsam  fir:  Total  number  of  trees  per  acre  above  0.6  inch  diameter 

breast  high 


Total 

Site  index 

age 

70 

60               60 

40 

(years) 

Number  of  trees 

20 

2,510 

3,640 

4,980 

7,280 

30 

1, 745 

2,460 

3,460 

5,060 

40 

1,136 

1,605 

2,260 

3,300 

50 

755 

1,060 

1,490 

2,180 

60 

555 

780 

1,095 

1,600 

70 

465 

652 

920 

1,340 

80 

420 

595 

835 

1,225 

90 

400 

560 

790 

1,160 
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Table  38. — Balsam  fir:  Breast-high  diameter  of  average  tree 


Total 
age 

Site  index 

70 

60 

50 

40 

Diameter  breast  high 

Years 

Inches 

Inches 

Inches 

Inches 

20 

1.2 

1.0 

as 

0.6 

30 

3.2 

2.6 

2.1 

1.7 

40 

5.4 

4.4 

3.6 

2.8 

50 

7.3 

6.0 

4.9 

3.8 

60 

8.9 

7.3 

5.9 

4.7 

70 

9.9 

8.1 

6.6 

5.2 

80 

10.5 

8.6 

7.0 

5.5 

90 

10.9 

9.0 

7.3 

5.7 

Table  39. — Balsam  fir:  Total  cubic-foot  volume  per  acre  of  all  trees  above  0.6  inch 

diameter  breast  high 


Total 

1 
Site  index 

70 

60        I        50 

40 

age 

j 

Volume 

Years 

Cubic  feet 

Cubic  feet 

Cubic  feet 

Cubicfeet 

20 

165 

135 

110 

80 

30 

1,455 

1,210 

960 

720 

40 

3,940 

3,270 

2,600 

1,940 

50 

5,910 

4,920 

3,920 

2,910 

60 

7,100 

5,900 

4,700 

3,500 

70 

7,760 

C,  450 

5,140 

3,820 

80 

8,270 

6,870 

5,480 

4,080 

90 

8,700 

7,230 

5,760 

4,290 

Table  40. — Balsam  fir:  Board-foot  volume  per  acre  of  all  trees  in  and  above  7  inch 
diameter  breast-high  class,  by  the  International  rule,  }i-inch  saw  kerf 


Total 

Site  index 

70 

1        60 

50 

40 

age 

Volume 

Board 

Board 

Board 

Board 

Years 

feet 

feet 

feet 

feet 

40 

5,850 

4,150 

2,430 

720 

50 

18,500 

13,150 

7,700 

2,280 

60 

31,000 

22,000 

12,900 

3,820 

70 

40,900 

29,100 

17,000 

5,040 

80 

48,200 

34,200 

20,000 

5,930 

90 

53,800 

38,200 

22,400 

6,620 

MATERIAL   AND   TECHNIC   EMPLOYED   IN    YIELD    STUDY 

DISTRIBUTION  OF  PLOTS 

The  geographical  distribution  of  all  the  plots  of  this  yield  study- 
has  been  mentioned  previously  and  is  shown  in  Figure  1.  Table  41 
gives  the  distribution  of  the  201  plots  used  for  normal  red  spruce 
yield  tables  in  respect  to  locality,  site,  mixture,  size,  age,  and  number 
of  trees  on  the  plot.  Eighty-one  per  cent  of  them  lie  between  the 
ages  of  45  and  84  years,  88  per  cent  between  site  indices  40  and  59, 
and  79  per  cent  are  practically  pure  red  spruce. 
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PLOT  MEASUREMENTS 

In  the  determination  of  the  size  of  the  plots,  an  attempt  was 
made  to  include  a  minimum  of  100  trees.  However,  as  evenness 
of  stocking  was  another  factor  to  be  considered,  this  minimum 
number  of  trees  had  to  be  disregarded  in  about  30  per  cent  of  the 
plots.  It  was  preferable  to  have  a  small,  evenly  stocked  plot  than 
a  large  plot  with  pronounced  irregularities,  abnormalities,  or  holes. 
Horizontal  measure  was  used  throughout  in  laying  out  the   plots. 

The  method  of  collection  of  the  data  followed  the  customary 
routine.  Briefly  stated,  the  notes  gathered  on  each  plot  covered  loca- 
tion, size,  description,  tree  tallies,  heights,  form-point  heights,  incre- 
ment borings,  and,  for  some  of  the  plots,  sample  trees. 

ALLOWANCE  FOR  ABNORMALITIES  DUE  TO   DAMAGE  BY  SPRUCE  BUD   WORM 

Over  large  areas  of  Maine  and  northern  New  Hampshire  the  damage 
done  to  spruce  and  fir  by  the  spruce  bud  worm  during  the  period 
1910-1915  was  extensive,  and  because  of  the  character  of  the  damage 
sample  plots  taken  in  such  regions  were  abnormal.  Wherever  the 
attack  was  made  practically  every  tree  was  affected;  if  it  was  not 
killed,  at  least  its  diameter  growth  was  reduced,  temporarily  if  not 
permanently.  It  was  necessary,  therefore,  in  the  computation 
of  the  yields  of  these  plots  to  take  into  account  the  reduction  of 
diameter  growth  as  well  as  the  loss  in  tree  numbers.  Field  tallies 
included  estimates  of  death  due  to  bud  worm,  and  increment-core 
measurements  gave  the  effect  on  diameter  growth.  For  each  affected 
plot  the  diameters  were  revised  so  that  the  reduction  in  diameter  due 
to  the  damage  was  eliminated  and  the  tallies  were  corrected  so  as  to 
include  trees  which  were  killed  by  the  bud  worm  and  which  might 
have  lived  had  they  not  been  attacked.  This  was  necessarily  a  pro- 
cedure to  be  carried  out  on  the  individual  plot,  as  the  figures  for 
diameter  reduction  and  death  were  extremely  variable.  Badly 
affected  stands  were  not  considered  at  all.  Altogether  about  60 
of  the  plots  chosen  showed  bud-worm  damage,  and  very  few  of  them 
could  be  included  in  the  red  spruce  tables  because  of  their  composi- 
tion or  because  of  understocking. 

METHOD  OF  CONSTRUCTION  OF  TABLES  AND  CHARTS.  AND  THEIR  LIMITATIONS 

CURVE    CONSTRUCTION 

Since  the  methods  employed  in  the  office  work  follow  essentially 
the  procedure  set  forth  by  Donald  Bruce  (47)  in  an  article  entitled 
"A  Method  of  Preparing  Timber  Yield  Tables,"  they  will  be  outlined 
only  briefly.  The  aim  of  the  procedure  is  to  obtain  a  set  of  tables 
which  check  with  each  other  and  with  their  own  material  at  the  same 
time.  For  example,  the  curves  for  total  basal  areas,  number  of  trees, 
and  size  of  the  average  tree  should  check  with  each  other.  In  addi- 
tion, each  curve  should  fit  its  plotted  points.  In  this  study  all  the 
plots  between  site  indices  45  and  54  were  used  as  a  basis  for  the  orig- 
inal curve  of  trend  with  age,  called  the  graduating  curve.  The  gradu- 
ating curves  of  groups  of  factors  which  should  check  with  each  other 
were  fitted  together  and  with  their  own  points  at  the  same  time. 
Following  this,  first  estimates  for  plots  of  all  sites  were  made  from  the 
graduating  curve,  and  these,  grouped  and  averaged  by  site  classes, 
gave  a  means  for  obtaining  correct  spacing  of  the  curves  for  all  the 
site  classes  represented.  The  spacings  between  sites  were  also  made  to 
check  among  the  various  groups  or  curves. 
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The  curves  for  all  site  classes  were  next  drawn  in  by  anamorphosis, 
so  that  each  curve  maintained  the  trend  of  the  graduating  curve. 
A  second  estimate  for  all  plots  was  made  based  upon  these  final  site 
curves,  the  computed  difference  between  the  estimated  total  and  the 
actual  total  giving  a  gross  error  of  the  estimate. 

The  deviations  of  the  individual  plots  from  the  principal  curves, 
such  as  the  curves  for  total  basal  area,  number  of  trees,  total  cubic 
feet,  and  total  board  feet  were  computed  in  percentages.  The 
average  of  these  percentage  deviations,  neglecting  the  algebraic 
sign,  gave  the  average  error,  which  when  multiplied  by  1.253  gave 
an  approximation  of  the  standard  error.  All  plots  which  had  devia- 
tions more  than  twice  the  standard  error  in  basal  area  were  dis- 
carded, which  necessitated  a  slight  readjustment  of  the  curves. 

Other  sets  of  curves  besides  those  mentioned  above  were  balanced. 
Basal  area  per  acre,  height  of  the  average  dominant  and  codominant, 
and  total  cubic-foot  volume  were  so  balanced  that  a  computed  forest 
form-factor  curve  took  a  smooth  trend,  the  forest  form  factor  being 
derived  from  the  equality  that  basal  area  X  height  X  forest  form  fac- 
tor equals  cubic  volume.  Were  it  not  for  the  system  of  volume 
computation  used  in  this  study,  an  alternative  set  of  check  curves 
might  have  been  those  for  size  of  the  average  tree,  height  of  the 
average  tree,  volume  of  the  average  tree,  number  of  trees,  and  total 
cubic-foot  volume.  This  would  assume  that  the  same  table  of  volumes 
and  the  same  curve  of  heights  were  used  for  all  species  on  each  plot. 
In  this  study  the  volume  table  indicated  by  the  average  form-point 
height  of  the  plot  and  species  in  question  was  used  for  obtaining  the 
total  plot  volume.  This  meant  that  each  of  the  three  species,  red 
spruce,  white  spruce,  and  balsam  fir,  was  treated  separately.  Since 
mixture  of  species  and  lowering  of  form  class  of  red  spruce  usually 
occurred  in  the  lower  age  classes,  it  is  in  these  ages  that  the  total 
cubic-foot  curves  will  vary  somewhat  from  the  desired  check.  A 
fourth  check  set  composed  of  curves  of  total  cubic  feet,  ratio  of  board 
feet  to  cubic  feet,  and  total  board-foot  volume  was  used  to  obtain 
the  proper  trend  of  the  board-foot  curve. 

A  summary  of  the  average  errors  and  the  aggregate  or  gross  errors 
of  the  total  estimates  is  given  in  Table  42  for  the  three  species.  The 
white  spruce  errors  are  based  upon  use  of  the  white  spruce  tables 
(Tables  29-34)  and  the  balsam  fir  errors  on  the  balsam  fir  tables. 
(Tables  35-40.)  The  errors  involved  in  applying  the  red  spruce 
tables  to  white  spruce  and  balsam  fir  are  not  given. 

Table  42. — Average  errors  and  aggregate  errors  of  several  of  the  tables 


Average  error  for— 

Aggregate  error  for— 

Item 

Red 

spruce 

White 
spruce 

Balsam 
flr 

Red 
spruce 

White 
spruoe 

Balsam 
fir 

Basal  area     .    . 

Percent 

9.4 

22.4 

lao 

21.2 

Percent 
10.6 
2a  2 
las 
2a  6 

Percent 
9.7 

lae 
lao 

26.1 

Percent 
-0.22 
+.60 
-.12 
-.80 

Percent 

-0.23 

+2.01 

+.62 

+2.13 

Percent 
-a  87 

Number  of  trees 

+.68 

Total,  cubio-foot  volume    ... ... 

+.4« 

Total,  board-foot  volume       .               ... 

+.60 
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The  aggregate  error  of  the  total  estimate  stated  in  Table  42  indicates 
the  difference  between  the  sum  of  the  estimated  values  of  all  the  plots 
interpolated  for  age  and  site  and  the  sum  of  the  actual  values  of  all 
the  plots.  For  instance,  under  red  spruce  and  opposite  basal  area, 
—  0.22  per  cent  means  that  the  sum  of  estimated  basal  areas  of  the 
plots  used  as  basis  for  the  red  spruce  tables  is  0.22  per  cent  lower 
than  the  sum  of  the  actual  basal  areas  of  these  plots.  To  a  certain 
extent  a  list  of  average  and  aggregate  errors  indicates  the  fit  of  a  set 
of  data  to  their  curves.  The  weakness  of  the  white  spruce  material 
is  quite  evident  in  that  several  of  the  percentage  errors  are  relatively 
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Figure  18.— Red  spruce  alinement  chart  for  total  basal  area  per  acre 

high.     Further  refinement  of  curve  fitting  and  computation  is  of  little 
use,  since  the  plots  are  few  in  number  and  variable  in  their  values. 


PRESENTATION    OF   DIAGRAMS   BY    ALINEMENT    CHARTS 

Sets  of  curves  which  have  been  derived  by  anamorphosis  can  be 
easily  replaced  by  alinement  charts.  Figure  18  illustrates  the  total 
basal  area  curve  for  red  spruce  in  this  form. 

The  total  basal  area  is  first  laid  off  on  the  left-hand  vertical  scale 
in  equal  graduations.  At  a  convenient  distance  to  the  right  another 
vertical  scale  is  erected  upon  which  are  marked  the  site-index  grad- 
uations that  represent  the  proportionate  spacing  of  the  site  curves. 
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In  this  case,  they  can  be  obtained  by  dividing  the  total  basal-area 
values  for  any  age  by  the  first  of  these  values.  For  instance,  for  110 
years  these  values  are  282,  269,  250,  218,  and  158  for  the  five  sites,  and 
the  divisor  is  282.  The  quotients  derived  are  1 .000,  0.954,  0.887,  0.773, 
and  0.560.  On  the  right-hand  vertical  axis  the  base  is  marked  site  70. 
Above  this  at  1.000-0.954,  or  0.046  units,  site  60  is  placed.  At 
1.000  —  0.887,  or  0.113  units,  site  50  is  placed,  and  so  on  for  the  remain- 
ing sites.  The  unit  used  should  be  large  enough  to  give  well-spaced 
graduations. 

The  age  graduations  must  next  be  determined.  For  this  purpose, 
for  each  age  place  a  straightedge  between  site  index  70  and  its  cor- 
responding basal  area.  Repeat  this  process  for  the  same  age  with 
site  30.  The  intersections  of  the  two  lines  are  the  positions  for  the 
age  graduations  in  question.  The  intersections  will  be  found  to  lie 
in  a  straight  line  radiating  from  the  origin  of  basal-area  axis. 

The  curved  lines  shown  in  Figure  18  are  merely  for  obtaining 
finer  age  or  site  graduations,  and  are  obtained  by  plotting  the  age  or 
site  graduations  at  equal  horizontal  intervals  and  drawing  a  curve 
through  the  plotted  points.  Subdivision  of  the  equal  horizontal 
intervals  into  10  parts,  and  projection  of  these  subdivisions  vertically 
up  to  the  curve  and  from  this  point  horizontally  to  the  age  or  site 
axis  give  the  finer  graduations  desired  on  the  axis. 

Similar  presentations  can  be  made  for  tables  for  total  number  of 
trees,  diameter  of  average  tree,  total  cubic-foot  volume,  and  total 
board-foot  volume. 

STAND    TABLES 

The  method  of  computing  stand  tables  as  outlined  in  the  first 
section  of  this  bulletin  was  made  necessary  by  the  character  of  stem 
distribution  in  red  spruce  stands.  As  mentioned  previously  a  com- 
mon method  of  studying  the  distribution  of  trees  in  diameter  classes 
is  to  compare  it  to  a  normal  distribution  as  obtained  by  use  of  the 
Gaussian  curve  or  law  of  probabilities.  If  the  comparison  is  suflB- 
ciently  close,  the  character  of  this  distribution  can  be  very  simply 
stated  by  giving  only  the  average  diameter  of  the  stand  and  the 
standard  deviations  of  the  diameters  from  this  average.  However, 
red  spruce  does  not  have  this  conformity.  To  use  a  mathematical 
expression,  it  has  a  skewed  distribution.  In  Figure  13  an  effort 
was  made  to  present  in  a  simple  manner  a  series  of  such  skewed  dis- 
tributions through  the  range  of  average  diameter  classes. 

For  the  preliminary  steps  only  those  plots  were  taken  which  were 
practically  100  per  cent  pure  red  spruce  and  which  in  addition  had 
no  abnormalities  in  stocking  such  as  holes  or  exceptionally  large 
trees.  These  plots  were  grouped  into  classes,  based  on  the  diameter 
of  the  average  tree.  In  each  group  the  number  of  trees  in  each 
diameter  class  was  found  and  cumulative  sums  were  built  up  to  a 
complete  total  for  that  group.  The  percentages  of  these  cumulative 
sums  over  the  group  totals  were  then  computed  (Table  43)  and 
plotted  on  arithmetic-probability  paper.  When  the  plotted  points 
were  connected  by  straight  lines,  readings  of  diameters  made  at 
certain  percentage  points  such  as  99.9,  99,  90,  75,  50,  25,  and  2  were 
the  basis  for  a  new  plotting  on  ordinary  coordinates  with  average 
diameter  of  the  stand  as  the  horizontal  scale  and  diameter  class  as 
the  vertical  scale.  Straight  lines  were  drawn,  one  through  all  the 
99.9  per  cent  points,  one  through  all  the  99  per  cent  points,  etc.     When 
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these  curved  values  were  read  and  plotted  on  logarithmic-probability 
paper  it  was  found  that  by  the  addition  of  20  to  the  diameter  classes 
the  straight  lines  of  Figure  13  were  formed  with  practically  no  devia- 
tion. Figure  13  is  a  section  of  logarithmic-probability  paper  with 
the  diameter  units  20  to  50  enlarged  and  numbered  0  to  30  to  represent 
the  actual  diameter  classes. 

Table  43. — Basic  data  for  red  spruce  stand  tables 


Average  diameter  of  stand  (inches) 

Diameter  class 
(Inchfts) 

2.38 

3.88 

4.67 

5.68 

6.35 

7.16 

7.73 

8.22 

8.78 

9.37 

9.72 

10.25 

10.9 

Percentages  of  total  number  of  trees  up  to  and  including  diameter  class 

1 

41.0 
70.0 

87.5 
96.3 
98.7 
100.0 

9.7 
28.0 
52.8 
74.1 
87.9 
96.5 
98.5 
99  28 
99.84 
100.0 

4.2 
14.1 
35.8 
57.5 
75.5 
88.5 
95.1 
98.5 
99.46 
99.89 
99.94 
100.0 

0.62 
2.9 
13.8 
33.8 
54.3 
73.5 
88.1 
94.5 
98.00 
99.75 
100.0 

! 

2 

0.44 
4.6 
18.5 
39.0 
69.7 
78.5 
91.5 
97.1 
98.8 
99.57 
99.92 
100.0 

0.34 
2.3 

9.7 
25.6 
45.4 
66.0 
82.7 
91.0 
96.6 
98.59 
99.57 
99.87 
99.92 
100.0 

0.46 

1.83 

6.5 

16.6 

33.6 

51.3 

70.1 

83.6 

93.3 

97.4 

99.22 

99.80 

100.00 

0,22 

1.21 

3.9 

11.7 

26.2 

43.1 

60.9 

77.5 

88.3 

94.7 

98.1 

99.39 

99.92 

99.96 

100.0 

0.85; 

2.7  '     — 

1.16 

3 

..     1    1.  ifi 

4 

5... 

6 

7 

6.0 
11.4 
20.0 
35.0 
51.0 
68.0 
82.0 
92.4 
95.6 
98.0 

0.13 

6.4 
12.9 
29.2 
46.3 
60.2 
73.5 
86.7 
92.6 
QF,f\ 

0.22 
3.7 
11.1 
25.0 
37.0 
64.0 
70.0 
80.6 
87.7 
95.0 
97  9 

1.16 
2.33 
2.33 
14.0 

27.7 
43.0 
64.0 
76.7 
88.4 
91.9 

1.7 

1.7 

8 

19.7 

9 

35.3 

10 

.. 

49.3 

11 

61.5 

12 

13 

76.1 
86.0 

14             

99.23   97.6 
99.83    98  63 

91.9 

15 

98.89;  97.7 
98.89  98.84 
100. 0  i  98. 84 
1100.0 

95.6 

16          

100.0 

99.37 
99.37 
99.63 
100.0 

97  4 

17 - 

98.0 

18          

98  9 

19 

99.4 

20          

1 

100  0 

Basis,    number    of 
plots        -        

3 

7 

11 

14 

17 

21 

22 

21 

1 
11'          ^ 

2           1 

2 

VOLUME    TABLES 


The  form-class  system  of  normal  volume  tables  has  several  advan- 
tages, a  number  of  which  have  already  been  stated  or  hinted  at. 
This  subject  has  been  studied  intensively,  but  as  the  results  have  not 
reached  final  form  at  the  time  of  preparation  of  this  bulletin,  modi- 
fications and  improvements  of  the  results  adopted  in  this  work  may 
be  expected  later.  These  will,  however,  increase  the  applicability 
and  accuracy  of  the  system,  and  will  not  affect  to  any  appreciable 
degree  the  total  volumes  of  stands  as  given. 

The  total  cubic-foot  volume  tables  were  checked  for  the  three 
species  with  the  results  stated  in  Table  44. 

Table  44. — Total  cubic-foot  volume  table  check 


Datum 

Red 
spruce 

White 
spruce 

Balsam 
fir 

Difference  between  table  volumes  and  normal  volumes  i ». 

Per  cent 

-0.81 

+2.63 

4.7 

608 

Per  cent 

-L68 

+2.61 

4.6 

299 

Per  cent 
—0  61 

Difference  between  actual  volumes  and  normal  volumes  ' 

+1.36 

Average  error  of  table  volumes  about  normal  volumes 

4,2 

Basis,  number  of  trees 

306 

•  "Table"  volume  is  the  estimated  volume  from  the  table  interpolating  for  1-foot-height  class,  1-inch 
diameter  and  one  unit-form  class. 
2  "Normal"  volume  is  the  volume  of  actual  scale  reduced  for  butt  swell  and  bark. 
3 ' '  Actual"  volume  is  the  volume  including  butt  swell,  but  not  bark. 
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For  red  spruce  the  sums  of  volumes  as  determined  from  the  tables 
underrun  the  sums  of  scaled  normal  volumes  by  0.81  per  cent;  the 
actual  volume  of  trees,  including  butt  swell,  overruns  the  normal  vol- 
ume not  including  butt  swell  by  2.63  per  cent;  and  the  average  error 
of  the  normal  volumes  from  the  table  is  4.7  per  cent.  White  spruce 
and  balsam  fir  have  similar  checks.  The  average  errors  are  apparently 
small.  To  be  made  comparable  to  average  error  obtained  by  other 
systems  of  volume  tables,  several  modifications  must  be  made.  In 
application  to  stand  tallies  only  one  average  form  class  is  used  for 
each.  By  investigation  Behre  found  that  the  range  of  form  quotients 
or  form  classes  of  the  individual  trees  of  a  stand  have  a  standard  de- 
viation of  4.5  units,  which  he  further  showed  to  bo  equivalent  to  6.75 
per  cent  of  volume.  The  standard  error  corresponding  to  the  aver- 
age error  of  4.7  per  cent  of  the  check  on  the  volume  tables  (Table  44) 
is  5.88  per  cent.  In  combining  these  two  standard  deviations  of  6.75 
and  5.88  per  cent  by  the  rule  of  the  square  root  of  the  sum  of  their 
squares,  this  result  is  obtained- 


V  (6.75)2+  (5.88)2  =  8.95  per  cent 


This  is  equivalent  to  an  average  error  of  7.16  per  cent,  which  Behre 
concludes  is  well  below  the  minimum  of  10  per  cent,  temporarily  set 
up  as  a  standard  in  volume-table  work. 

Figure  15  is  supported  by  the  data  of  670  red  spruce,  337  white 
spruce,  and  346  balsam  fir.  The  form-point  height  and  the  form  class 
of  each  were  measured  and  the  correlations  between  them  investi- 
gated.    Table  45  presents  the  results  concisely. 

Table  45. — Correlation  computations  supporting  Figure  15  on  relation  between 
form  point  and  form  quotient 


Red  spruce... 
White  spruce 
Balsam  fir.... 


Basis, 
number 
of  trees 


670 
337 
346 


Coefficient  of 
correlation 


0.7020±0.0196 
.7394±  .0247 
.5809d=  .0356 


Error  of 

estimate  of 

individual 

trees 


Form  quo- 

tierU  units 

5.40 

5.07 


Error  of 

estimate  of 

stand  form 

quotient 

with  20 

trees 


Form  quo- 
tient units 
1.57 
1.52 
1.40 


Figure  15  gives,  as  already  mentioned,  only  the  regression  lines. 
There  is  undoubtedly  some  curvilinearity  in  the  upper  portions, 
evidences  of  which  will  be  strengthened  by  more  material  in  the  course 
of  the  form-class  volume-table  study.  The  significance  of  correlation 
coefficients  is  mentioned  in  the  following  pages.  The  error  of  esti- 
mates of  individual  trees  means  that  single  quotient  units  will  have 
a  standard  error  of  so  many  form-quotient  units.  If  20  trees  in  a 
stand  are  taken  to  obtain  the  average  form  quotients  of  a  stand  the 
standard  error  of  this  average  is  indicated  in  the  last  column  of  the 
table.  This  was  obtained  by  summing  the  square  of  error  of  estimate 
of  single  trees  and  the  square  of  the  standard  deviation  of  form 
quotients  in  a  stand,  formerly  stated  to  be  4.5,  then  dividing  by  the 
number  of  trees  measured  (assumed  to  be  20),  and  finally  taking  the 
square  root  of  it  all. 
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PREPARATION  OF  TABLES  FOR  PARTIAL  STANDS 

The  preliminary  step  in  the  preparation  of  tables  for  separate  parts 
of  the  total  stand  was  to  compute  for  each  plot  the  percentages  of 
basal  area,  number  of  trees,  and  volume  for  the  partial  stand;  also  the 
size  of  the  average  tree  included  in  these  portions  of  the  stand. 
Then,  regardless  of  site  and  age,  these  percentages  and  sizes  were 
averaged  in  classes  of  average  stand  diameter,  and  plotted  over  these 
average  diameters.  Smooth  curves  were  drawn  through  the  plotted 
points.  For  each  partial  stand  the  curves  for  percentage  of  basal 
area,  percentage  of  number  of  trees,  and  average  size  were  drawn 
so  as  to  balance  with  one  another. 

The  fundamental  assumption  of  this  method  is  that  the  average 
diameter  is  the  chief  variable  in  determining  the  proportions  of  basal 
area,  number  of  trees,  and  volume  represented  in  any  portion  of  the 
stand.  In  several  other  studies  this  assumption  was  found  to  be 
entirely  sound.  In  the  present  study,  however,  too  much  faith  must 
not  be  placed  on  the  extreme  values.  That  is  to  say,  some  of  the 
results  will  not  be  very  reliable  when  applied  to  site  30  and  site  70 
and  to  the  very  low  ages  of  the  other  site  classes.  However,  for  the 
sites  which  are  commonly  found,  and  for  the  effective  ages,  the  pro- 
cedure is  sound. 

LIMITATIONS    OF   TABLES 

The  specific  limitations  of  some  of  the  tables  and  charts  should  be 
mentioned.  For  all  the  red  spruce  tables,  the  values  for  the  low  ages 
are  weak.  The  material  for  stand  ages  under  35  years  total  age  is 
very  sparse.  The  material  is  also  scant  for  the  high  ages,  such  as 
ages  above  90  years,  indicating  accordingly  a  weakness  in  the  curves 
at  this  age.  As  mentioned  previously,  the  extreme  sites  70  and  30 
are  very  seldom  found,  but  are  included  in  the  graph  and  tables  in 
order  to  furnish  a  means  of  interpolation  between  the  adjacent  site 
classes. 

STATISTICAL  ANALYSIS  OF  RESULTS* 

An  attempt  was  made  to  study  the  interrelation  of  the  various 
stand  characteristics  by  statistical  analysis.  The  characteristics  or 
variables  used  were  percentage  of  mixture  (called  composition),  age, 
site,  basal  area,  number  of  trees,  cubic  volume,  and  board-foot  volume. 
For  the  last  four  the  actual  values  were  expressed  as  percentages  ol 
the  tabular  values  interpolated  in  each  case  for  the  age  and  site  of  the 
particular  plot.  These  percentages  could  be  called  normality  per- 
centages. The  sites  of  the  balsam  and  white  spruce  plots  were  reduced 
to  equivalent  red  spruce  site  values  and  computations  were  made 
for  these  species  similar  to  those  for  the  red  spruce  from  the  red  spruce 
tables.  Multiple  regression  equations,  correlations,  and  deviations 
of  several  orders  were  computed  for  a  number  of  combinations  of  the 
variables.  Only  a  few  of  these  will  be  discussed.  All  plots  above 
30  years  of  age  at  breastheight  (45  years  total  age),  whether  unc/er- 
stocked,  fully  stocked,  or  overstocked,  were  used.  For  red  spruce 
257  plots  were  available,  for  balsam  fir  137  plots,  and  for  white 
spruce  98  plots. 

» For  more  detailed  information  as  to  methods,  see  48,  49,  60,  6i,  5S,  64. 
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A  few  words  are  needed  in  explanation  of  correlation  coefficients. 
A  correlation  coefficient  is  a  computed  quantity  giving  the  degree  of 
relationship  between  two  variables.  A  negative  coefficient  means 
that  if  one  of  the  variables  increases,  the  other  decreases.  A  positive 
coefficient  means  that  if  one  of  the  variables  increases  the  other 
increases.  The  size  of  the  coefficient  indicates  to  a  certain  extent 
the  amount  of  relationship,  a  zero  coefficient  indicating  no  correla- 
tion, and  small  coefficients  signifying  little  or  none.  Not  until  the 
values  approach  0.50  and  are  larger  than  three  times  their  probable 
errors  are  they  ordinarily  assumed  to  have  substantial  importance. 
The  greater  the  number  of  samples  used  in  computing  the  coefficients, 
the  more  significant  will  these  coefficients  be. 

As  an  indication  of  the  fit  of  the  curves  to  the  basic  material,  the 
value  of  the  correlation  coefficients  of  several  variables  to  age  were 
considered.  Coefficients  of  negligible  amount  with  noncurvilinearity 
of  residuals  would  indicate  a  good  fit.  With  red  spruce  the  test  was 
satisfactory,  as  is  seen  in  Table  46. 

Table  46. — Correlation  coefficients  of  age  with  several  stand  factors 


Correlation  between  age  and— 

Red  spruce 

White  spruce 

Balsam  fir 

Nonnality  per  cent  of  board-foot  volume.-       .  .  . 

-0. 06±0. 042 

-  .07±  .042 
-1-  .09ifc  .042 

-  .10±  .042 

-  .03±  .042 

-0.26±0.064 

-  .24±  .064 
+  .  18±  .  066 

-  .35±  .060 

-  .09=h  .068 

-0.26±0.054 

Normality  per  cent  of  cubic-foot  volume 

-  .17±  .056 

Normality  per  cent  of  number  of  trees 

+  .07±  .057 

Normality  per  cent  of  basal  area 

-  .23db  .055 

Normality  per  cent  of  site 

-  .32±  .052 

The  coefficients  for  red  spruce  are  insignificant  and  therefore  the  fit 
of  the  curves  to  the  material  is  apparently  good.  For  balsam  fir  and 
white  spruce,  the  fit  is  not  so  good,  the  correlation  coefficients  exceed- 
ing three  times  their  probable  errors  in  numerous  instances.  The 
negative  character  of  the  coefficients  indicates  that  the  position  of  the 
curves  in  the  younger  ages  for  all  factors  except  number  of  trees  is 
probably  a  trifle  low  for  these  species  or  that  in  the  higher  ages  it  is  a 
trifle  high.  The  need  is  thus  evident  for  separate  tables  for  white 
spruce  and  balsam  fir. 

Table  47. — Important  correlation  coefficients  between  various  stand  factors 


Correlation  between  normality  percentages  of— 

Coefficients  for— 

Red  spruce 

White  spruce 

Balsam  fir 

Board-foot  volume,  number  of  trees..,, 

-0.40±0.035 
.28dz  .039 
,18±  .041 
.91±  .007 
.48d=  .032 

-0. 46±0. 054 
.51±  .050 
.38±  .058 
.71±  .034 
.29±  .062 

-0.48±0.044 

Board-foot  volume,  cubic  foot. 

.49±  .044 

Board-foot  volume,  basal  area. 

.43±  .047 

Ciibic-foot  volume,  ha«5Rl  area .  . 

.85±  .016 

Basal  area,  number  of  trees. 

.32±  .052 

The  only  important  correlation  coefficients  between  any  two  of 
the  variables  tested  are  those  in  Table  47,  which  bring  out  a  number 
of  interesting  points.  Although  Figure  3  indicates  a  decided  curvi- 
linear tendency  in  the  board-foot  and  number-of-trees  relation,  the 
coefficient  of  correlation  has  a  significant  value.     If  the  correlation 
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index,  which  is  to  the  curved  hne  what  a  correlation  coefficient  is  to 
a  straight  line,  were  computed,  a  decidedly  significant  value  could  be 
expected.  Board-foot  volume  and  basal  area  seem  weakly  related. 
Curvilinearity  may  in  this  case  hide  the  true  trends.  Basal  area  and 
cubic-foot  volume  are  very  closely  related.  For  this  reason  the  use 
of  basal  area  as  an  index  of  normality  of  a  stand  which  is  recom- 
mended under  the  discussion  of  the  application  of  yield  is  well  sub- 
stantiated, or  at  least  for  cubic-foot  volumes.  For  board-foot  volume 
it  apparently  will  not  serve  so  v/ell,  unless  the  curvilinear  trend  of 
board-foot  volume  with  basal  area  be  defined.  Further  study  must 
be  made  of  these  factors. 

The  effect  of  percentages  of  mixture  of  the  principal  species  was 
also  investigated,  but  no  important  deductions  could  be  made. 

DETERMINING  THE  PERIOD  OF  DEVELOPMENT  FROM  GROUND  TO  BREASTHEIGHT 

SEEDLINGS 

The  ages  of  the  yield  plots  were  determined  by  taking  increment 
borings  at  breastheight.  This  procedure  necessitated  the  determi- 
nation of  the  number  of  years  needed  to  develop  from  germination 
to  a  height  of  4.5  feet.  If  at  all  possible,  the  effect  of  site  on  the 
length  of  the  period  would  have  to  be  included.  For  this  purpose  218 
red  spruce  seedlings,  95  white  spruce,  and  152  balsam  fir  seedhngs 
were  analyzed.  The  majority  of  these  were  taken  from  sites  where 
full  benefit  of  light  was  obtained,  and  if  any  shading  or  competition 
was  at  hand,  notes  were  made  to  that  effect.  Of  the  total  number, 
168  of  those  reaching  or  exceeding  4.5  feet  in  height  were  red  spruce, 
79  were  white  spruce,  and  134  were  balsam  fir.  For  these  groups 
Table  48  gives  the  average  ages  at  which  stump  heights  of  1  foot  and 
breastheight  were  reached. 

Table  48. — Number  of  years  required  for  seedlings  to  attain  heights  of  1  foot  and  4-5 

feet 


Species 

Age  to  1 
foot 

Age,  1  foot'  Total  age 
to  4.5  feet  i  to  4.5  feet 

Red  spruce                                                          .                           

Years 
6.9 
6.2 
6.9 

Years 
7.9 
7.3 
8.0 

Years 
14.8 

White  spruce 

13.6 

Balsam  fir    

14.9 

In  each  locality  where  seedlings  were  measured  a  notation  was  made 
of  the  site  as  obtained  from  an  adjacent  sample  plot,  if  possible,  or 
from  a  personal  estimate  of  the  character  of  the  soil  and  the  soil  cover. 
The  results  were  in  a  way  disappointing  for  no  distinct  relation  be- 
tween age  of  reaching  breastheight  and  site  could  be  determined. 
At  times,  in  fact,  the  measurements  seemed  to  be  contradictory.  For 
developing  seedlings  it  is  apparent  that  site  is  much  more  specialized 
than  for  maturing  trees.  Each  pebble,  each  bunch  of  grass,  each 
depression  may  affect  its  development,  so  that  full  access  to  light 
alone  is  not  the  sole  requirement.  Large  numbers  of  measurements 
are  needed  if  any  correlation  of  age  with  site  is  desired,  as  the  differ- 
ences caused  by  the  obscure  site  factors  are  large.  A  single  average 
value  of  15  years  for  development  from  germination  to  4.5  feet  height 
was  therefore  tentatively  taken  for  all  sites. 
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The  variation  in  height  growth  of  seedlings  on  areas  which  have 
the  gross  characteristics  of  equality  of  site  bears  out  the  conclusion 
that  the  minor  details  of  site  affect  seedling  development  greatly. 
One  area  in  particular  can  be  mentioned.  It  was  an  old  pasture  with 
a  scattering  of  white  spruce  seedlings  over  the  whole  of  it,  and  with  no 
competing  vegetation  except  heavy  grass.  The  shortest  seedling 
taken  measured  1.5  feet  in  height  and  was  10  years  old,  the  tallest 
was  9  feet  in  height  and  was  13  years  old.  Intermediate  sizes  showed 
an  irregular  variation  between  these  heights.  Usually  there  is  a  slight 
correlation  betw^een  age  and  height  of  seedlings,  which,  however,  is 
not  at  all  commensurate  with  their  respective  differences  in  height 
development. 

Further  study  will  undoubtedly  reveal  differences  in  ages  upon 
various  sites,  or  reveal  methods  whereby  the  long  period  of  initial 
development  can  be  decreased.  As  soon  as  this  is  done  the  total  age 
of  the  yield  tables,  which  is  now  15  years  plus  the  breastheight  age, 
can  be  easily  corrected. 

SAMPLE  TREES 

As  the  period  of  seedling  development  was  much  longer  than  that 
originally  estimated,  certain  comparisons  were  made  to  check  this 
value.  The  sample  trees  taken  with  the  preliminary  data  furnish  a 
partial  comparison.  Since  measurements  were  made  on  these  trees 
at  1-foot  stump  height  and  at  breastheight,  either  by  actual  cutting 
or  by  increment  borings,  there  was  an  approximated  measure  of 
development  from  stump  to  breastheight.  For  84  red  spruces  this 
period  was  5.3  j^ears,  for  42  white  spruces  4  years,  for  43  balsam  firs 
4  years.  This  is  to  be  compared  to  the  values  7.9,  7.3,  and  8  of 
Table  48.  The  weight  of  numbers  lies,  however,  with  the  seedlings; 
and  since  it  is  known  that  they  were  accurately  taken,  the  age  tor 
development  to  breastheight  must  be  judged  from  their  measurements. 
On  the  other  hand,  the  very  apparent  indications  that  this  period  can 
be  less  or  can  be  made  less  by  a  little  treatment  or  care  of  the  soil 
should  allow  some  flexibility  in  estimating  total  age. 

PERMANENT  SAMPLE  PLOTS 

A  number  of  permanent  sample  plots  were  laid  out  in  1904  and  1906 
in  pure  second-growth  spruce  stands  at  Corbin  Park,  near  Newport, 
N.  H.  Since  that  time  cuttings  have  disturbed  several  of  them  very 
seriously,  so  that  some  of  the  records  do  not  go  farther  than  1915, 
Subsequent  subdivisions  had  to  be  made  in  some  of  the  plots  because 
the  conditions  of  stocking  were  judged  to  vary  so  widelv  that  the 
growth  in  several  portions  of  the  same  plot  might  be  radically  affected. 
Four  of  the  plots  were  thinned. 

Table  49  gives  a  list  of  the  total  cubic-foot  volumes  per  acre  of 
live  trees  on  the  five  dates  of  measurement.  Table  50  gives  the 
periodic  annual  increments  computed  directly.  Each  period  is 
assumed  to  be  five  years  although  the  months  of  measurements  vary 
enough  to  throw  them  out  of  an  exact  5-yeai'  interval.  However,  total 
volume  of  live  trees  and  periodic  increments  do  not  tell  the  whole 
story.  Mortality  is  continually  taking  place  among  trees,  and  at 
times  may  involve  a  considerable  volume,  which  decreases  con- 
siderably the  net  increment  of  live  trees.  In  this  connection,  if 
Table  51  is  observed  and  the  periods  of  large  mortality  are  noted,  it 
will  be  seen  that  the  corresponding  increment*  in  almost  every  case 
is  small  if  not  negative. 
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Table  49. — Statistics  of  permanent  sample  plots,  located  in  a  pure  red  spruce 
stand,  Corbin  Park,  N.  H. 


Total  volume  per  acre  on— 

Total 
age  in 

Site 
index 

Size 

Plot  No. 

1904 

October,  1904 

July,  1910 

August,  1915 

July,  1920 

June,  1925 

Unthinned: 

Years 

Acre 

Cubicfeet 

Cubicfeet 

Cubicfeet 

Cubicfeet 

Cubicfeet 

711A 

65 

58 

0.167 

6,440 

6,340 

6,720 

7,220 

7,320 

711B 

65 

56 

.167 

4,850 

5,230 

5,500 

5,890 

6,210 

711C 

65 

48 

.167 

4,640 

4,960 

5,270 

5,420 

5,470 

714A 

65 

56 

.25 

5,920 

6,230 

6,680 

6,870 

6,750 

714B 

65 

54 

.25 

5,990 

6,340 

6,890 

6,810 

6,800 

717A 

65 

50 

.08 

5,790 

6,040 

6,350 

6,590 

6,660 

717B 

65 

51 

.21 

1,575 

1,875 

2,130 

2,210 

2,285 

717C 

65 

50 

.21 

5,060 

5,170 

5,990 

5,920 

5,930 

723 

65 

50 

.6 

4,230 

4,550 

5,040 

5,460 

5,550 

762 

60 

55 

.2 

6,890 

6,810 

6,760 

Before 

After 

Before 

After 

Before 

After 

thin- 

thin- 

thin- 

thin- 

thin- 

thin- 

ning 

ning 

ning 

ning 

ning 

ning 

Thinned: 

720A 

65 

52 

.333 

4,840 

4,050 

4,570 

4,760 

3,880 

4,350 

4,120 

4,270 

720B 

65 

53 

.167 

5,190 

4,450 

4,960 

5,310 

4,200 

4,780 

4,770 

4,890 

726A 

65 

52 

.4 

4,400 

3,700 

4,160 

4,600 

3,830 

3,990 

3,820 

4,290 

761 

60 

53 

.2 

16,225 

1  4, 990 

1  5, 245 

5,810 

I  Measured  in  July,  1906,  and  June,  1911,  instead  of  October,  1904,  and  July,  1910. 
Table  50. — Periodic  annual  increments  per  acre  on  permanent  sample  plots 


Plot  No. 

1904-1910 

1911-1915 

1916-1920 

1921-1925 

Unthinned: 

711A 

Cubicfeet 
-20 
76 
64 
62 
70 
60 
60 
22 
64 
-16 

104 
102 
92 
61 

Cubicfeet 
76 
54 
62 
90 

110 
62 
51 

164 

98 

-10 

38 
70 
88 
113 

Cubicfeet 
100 
78 
30 
38 

-16 
48 
16 

-14 
84 

Cubicfeet 
20 

711B 

64 

711C 

10 

714  A 

—24 

714B 

-2 

717A.  .        -                                                      

14 

717B 

15 

717C 

2 

723 

18 

762 

Thinned: 

720A - 

94 
116 
32 

30 

730B 

24 

726A 

94 

761 

Table  51. — Volume  per  acre  in  dead  trees  on  permanent  sample  plots 


Plot  No. 

1904-1910 

1911-1915 

1916-1920 

1921-1925 

Unthinned: 

711A      

Cubicfeet 

504 

108 

36 

332 

112 

75 

0 

76 

8 

185 

135 
72 
45 

150 

Cubicfeet 
144 
84 
18 
48 
136 
50 

iS 

34 
296 

60 
66 
10 
30 

Cubicfeet 
114 

42 
132 
128 
312 

26 

0 

243 

36 

Cubicfeet 
126 

711B                                                                                        ---  - 

0 

711C 

102 

714A                                                  -          

356 

714B 

272 

717A                   -                    -. 

325 

717B                                                                                        

52 

717C 

224 

723                                                                              

182 

762 

Thinned: 

720A                                                                                      

39 
12 
10 

138 

720B 

138 

726A                                                                                 

1 

761 
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Tables  49  to  51,  inclusive,  indicate  that  the  stand  was  at  that  age 
when,  according  to  Figure  10,  periodic  increments  are  rapidly  approach- 
ing low  values  and  thinning  becomes  advisable.  The  thinnings 
carried  out  on  four  of  the  plots,  as  shown  in  the  tables,  with  the 
grades  of  thinning  given  in  Table  52,  resulted  in  benefits  more 
apparent  than  real.  The  gross  average  annual  increments  for  plots 
711 A  to  723  were  found  to  be  72  and  for  plots  720A  to  726A,  86;  for 
the  very  dense  plot  762  and  its  thinned  neighbor  plot  761  they  were 
35  and  100,  respectively.  In  other  words,  m  the  first  group  of  plots 
the  thinnings  did  only  a  trifle  more  than  utilize  the  volume  of  trees 
which  would  have  died  anyway.  In  the  second  group  the  benefit  is 
much  more  real,  since  the  gross  increment  is  substantially  increased. 
One  must  conclude,  therefore,  that  in  the  first  group  the  thinnings 
should  have  been  heavier  or  more  consistently  repeated  throughout 
the  life  of  the  stand. 


Table  52. 

—Grade  of  thinnings  made  on 

permanent  sample  plots  * 

Plot  No. 

First  period 

Third  period 

Fourth  period 

Trees 

Basal 
area 

Cubic 
feet 

Trees 

Basal 
area 

Cubic 
feet 

Trees 

Basal 
area 

Cubic 
feet 

720A        - 

Percent 
23 
16 
17 
28 

Per  cent 
14 
14 
13 
21 

Percent 
16 
14 
16 
20 

Per  cent 
33 
32 
36 

Percent 
21 
22 
20 

Per  cent 
18 
21 
17 

Per  cent 
11 
2 

7 

Per  cent 
6 

1 
5 

Percent 
5 

720B                           

0 

726A    

4 

761              



J  No  thinning  made  in  second  period. 

The  set  of  permanent  sample  plots  can  also  furnish  interesting 
discussion  of  the  yield  tables  and  their  application.  In  Table  53 
there  is  an  effort  to  translate  a  number  of  plot  values  in  terms  of 
percentages  of  yield-table  values  and  by  means  of  this  to  determine 
the  reliability  of  the  relation  between  the  percentage  of  normal 
number  of  trees  or  basal  area  and  that  of  volume.  The  ages  and 
sites  used  are  indicated  for  each  plot  in  Table  49.  Only  the  un thinned 
plots  measured  through  the  whole  20-year  period  will  be  considered. 


Table  53. — Comparisons  of  percentages  of  normal  number  of  trees  and  basal 
with  regard  to  prediction  of  cubic-foot  volume  for  a  20-year  period 

area 

Plot  No. 

Normal 
number 
of  trees 

Volume 
from  Fig- 
ure 3 

Normal 
basal  area 

Normal 
volume 

Differences  between  columns 

1904 

1925 

1904 

1925 

1904 

1925 

1904 

1925 

4-8 

5-9 

4-9 

6-8 

7-9 

6-9 

711A 

P.ct. 
68 
46 
62 
96 
100 
73 
16 
65 
46 

P.ct. 
66 
63 
70 
94 
103 
79 
22 
72 
59 

P.ct. 
93 
77 
90 
100 
100 
95 
30 

P.ct. 
92 
84 
94 
99 
100 
97 
41 
96 
88 

P.ct. 
95 
78 
90 
98 
97 
99 
27 

P.ct. 
93 
85 
92 
96 
100 
108 
36 
97 
88 

P.ct. 

102 
80 
94 
98 
104 
110 
29 
97 
81 

P.ct. 

98 
86 
93 
94 
99 
107 
36 
96 
89 

-9 
-3 
-4 

+2 
-4 
-15 
+1 
-5 
-4 

-6 
-2 

+1 
+5 
+1 

-10 
+5 
-1 
-1 

-5 
-9 
-3 
+6 
+1 

-12 
-6 
-4 

-12 

-7 
-2 
-4 
0 
-7 
-11 
-2 
-3 
+3 

-5 
-1 
-1 
+2 
+1 
+1 
0 
+1 
-1 

-3 

711B 

-8 

711C 

-3 

714A 

+4 

714B 

—2 

717A 

-8 

717B     . 

-9 

717C 

-2 

728 

—5 

Average  error 
in  terms  of 
per  cent  of 
normal  vol- 
ume... 

5.2 

3.6 

6.4 

4.3 

1.4 

5.1 
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Columns  2  and  3  of  Table  53  give  the  percentages  of  the  normal 
number  of  trees  at  the  first  and  last  measurement.  Columns  4  and  5 
give  the  corresponding  percentage  of  volume  as  read  from  Figure  3. 
Columns  6  and  7  are  the  percentages  of  normal  basal  area  and  8  and  9 
of  normal  volume.  Columns  10  to  15  give  the  difference  of  the 
several  column  values  as  indicated.  The  use  of  number  of  trees  and 
the  use  of  basal  area  as  a  measure  of  stocking  and  for  prediction  of 
future  volumes  can  now  be  compared.  According  to  these  limited 
data,  both  methods  give  low  estimates.  Columns  10,  11,  13,  and  14 
give  the  relations  of  same  years,  but  columns  12  and  15  consider 
respectively  the  prediction  of  volume  after  20  years  from  the  number 
of  trees  and  the  basal  area  at  the  beginning  of  the  period.  In  this 
case  the  two  methods  result  in  strikingly  similar  values.  The  basal- 
area  method,  however,  is  the  one  more  commonly  used  and  is  probably 
not  affected  so  much  by  groupwise  stocking  of  trees;  it  is  therefore 
recommended  until  further  investigation  can  disclose  more  satis- 
factory methods. 
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INTRODUCTION 

The  two  rusts  of  oats,  Puccinia  graminis  avenae  (Pers.)  Erikss.  and 
Henn.  and  P.  coronata  avenae  (Corda)  Erikss.  and  Henn.,  do  considerable 
damage  in  the  United  States  every  year,  and  both  sometimes  become 
destructively  epidemic  over  extensive  areas.  There  are  two  prin- 
cipal methods  for  their  control — the  eradication  of  their  alternate 
hosts  and  the  use  of  rust-resistant  varieties  of  oats.  In  the  Southern 
States  both  rusts  develop  independently  of  their  alternate  hosts,  and 
the  production  of  rust-resistant  varieties  assumes  paramount  impor- 
tance. In  the  North,  barberry  eradication  is  reducing  losses  from 
stem  rust  somewhat,  but  the  eradication  campaign  is  far  from  com- 

?letion,  and  there  is  no  organized  attempt  to  eradicate  buckthorns, 
'herefore  it  is  important  to  breed  rust-resistant  varieties  for  the 
Northern  States  also. 

The  importance  of  physiologic  forms  of  rusts  in  breeding  for 
resistance  is  now  rather  generally  appreciated.  Stakman,  Levine, 
and  Bailey   {ISy,   Bailey   (2),   and   Gordon   (10)   described  several 


»  The  investigations  here  reported  were  conducted  by  the  Office  of  Cereal  Crops  and  Diseases,  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture,  in  cooperation  with  the  Plant  Pathology  and 
Botany  Division  of  the  Minnesota  Agricultural  Experiment  Station. 

» The  writers  wish  to  express  their  appr»'ciiition  for  the  help  given  by  the  cooperators  at  the  different 
agricultural  experiment  stations  at  which  the  uniform  rust  nurseries  were  grown,  and  to  II.  T.  Oiissow, 
Dominion  botanist,  for  making  the  necessary  arrangements  in  eastern  Canada.  Thani<s  are  due  to  II.  B. 
Humphrey,  i)rincipal  pathologist,  Office  of  Cereal  Croi)s  and  Diseases,  Bureau  of  Plant  Industry,  for 
advice  and  for  help  in  taking  notes  at  a  number  of  nurseries.  The  writers  are  under  obligation  also  to 
A.  W.  Henry  and  J.  M.  Wallace,  formerly  agents.  Office  of  Cereal  Crops  and  Diseases,  and  assistants  in 
plant  pathology,  Minnesota  Agricultural  Experiment  Station,  for  identifying  some  of  the  physiologic  forms 
of  stem  rust. 

•Reference  is  made  by  italic  numbers  in  parentheses  to  "  Literature  cited,"  p.  34. 
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physiologic  forms  of  Puccinia  graminis  avenae,  while  Hoerner  (12),  Popp 
{16a),  and  Parson  {16)  have  shown  that  there  are  physiologic  forms  of 
P.  coronata  avenae.  Different  physiologic  forms  may  be  present  in 
different  geographic  regions.  Therefore  a  variety  may  be  resistant 
in  one  region  and  susceptible  in  another.  It  is  known  also,  in  the 
case  of  P.  graminis  tritici  at  least,  that  the  same  forms  are  not  neces- 
sarily present  in  the  same  region  every  year.  Therefore  a  variety 
may  behave  differently  with  respect  to  rusts  in  the  same  locality  in 
different  years.  It  is  essential,  then,  to  learn  the  number,  geographic 
distribution,  and  degree  of  mobility  of  physiologic  forms  of  rusts  as  a 
basis  for  the  most  intelligent  procedure  in  breeding.  Obviously  one 
method  of  obtaining  this  information  is  to  grow  the  same  varieties  in 
many  different  localities  for  several  years,  with  the  expectation  that 
the  type  and  degree  of  rust  infection  will  furnish  preliminary  infor- 


FlGUEE  1.— Location  of  uniform  oat-rust  nurseries  at  65  experiment  stations  in  the  United  States 
and  eastern  Canada  during  one  or  more  of  the  five  years  1923  to  1927,  inclusive 

mation,  which  can  then  be  amplified  by  artificial  inoculations  with 
rust  collected  in  each  locality. 

The  investigations  herein  reported  were  initiated  (1)  to  determine 
the  degree  of  resistance  of  varieties  of  oats  to  stem  rust  and  crown 
rust  under  natural  environmental  conditions  in  different  parts  of  the 
United  States  and  eastern  Canada  and  (2)  to  ascertain  the  distribu- 
tion and  to  determine  the  identity  of  the  physiologic  forms  of  P. 
graminis  avenae  responsible  for  the  stem-rust  epidemics  in  these 
regions. 

SCOPE  OF  EXPERIMENTS 

Uniform  oat  nurseries,  similar  to  those  described  for  wheat  {6,  13), 
were  first  grown  on  a  relatively  modest  scale  in  1923.  During  the 
five  years  1923  to  1927,  inclusive,  nurseries  were  grown,  at  one  time 
or  another,  at  65  different  experiment  stations  in  the  United  States 
and  eastern  Canada.     (Table  1  and  fig.  1.)     Altogether,  23  varieties 
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of  oats  were  tested.  (Table  2.)  When  the  experiments  were  first 
started  only  11  varieties  were  included  in  the  uniform  rust-nursery 
test  at  21  experiment  stations,  but  eventually  22  varieties  were  grown 
at  48  experiment  stations. 

Table  1. — Location  of  uniform  oat-rust  nurseries,  number  of  oat  varieties,  and  names 
of  cooperators  at  each  of  the  65  experiment  stations  where  the  rust  n  urseries  were 
grown  during  one  or  more  of  the  five  years  from  1923  to  1927 


Map 
refer- 

Location 

Number  of  varieties 
grown  in  stated  years 

Cooperators 

ence 

1923|l924 

1925 

1926 

1927 

1 

WesUTn  States 

22 
22 
22 
22 

22 
22 
22 

D.  E.  Stephens. 

2 

Moscow,  Idaho                     .. 

C.  W.  Hungerford. 

3 

Aberdeen,  Idaho 

19 

G.  A.  Wiebe. 

4 

Estes  Park,  Colo      

E.  A.  Lungren. 

5 

Northern  Great  Plaint 
Dickinson,  N.  Dak                 .      . 

11 

14 

16 
16 

21 
21 

R.  W.  Smith. 

6 

Mandan,  N.  Dak 

11  1  13 
11      14 

J.  C.  Brinsmade,  jr..  E.  R.  Ausemus. 

L.  R.  Jorgenson,  V.  Sturlaugson. 
W.  E.  Brentzel,  0.  A.  Thompson. 
E.  S.  McFadden. 

g 

Edgeley,  N.  Dak 

" 

14 

9 

Webster,  S.  Dak 

22 
22 
22 
22 
22 
22 
22 
22 

22 
22 

10 

Redfield,  S.  Dak 

11 

.... 

16 
16 
16 
16 
16 

'2i" 
21 
21 

Samuel  Garver. 

11 

Highmore,  S.  Dak 

A.  N.  Hume,  S.  W.  Sussex. 

12 

Newell,  S.  Dak 

Beyer  Atine. 

13 

Archer,  Wyo 

14 

A.  L.  Nelson. 

14 

Fort  Collins,  Colo 

E.  A.  Lungren. 

15 

Akron,  Colo                 .... 

11 

F.  A.  Coffman,  E.  A.  Lungren. 
0.  F.  Sprague,  R.  W.  May. 

18 

North  Platte,  Nebr 

14  i  16 

21 

21 
21 

17 

Southern  Oreat  Plains 
Cnlhy,  TCftTis 

16 
16 

B.  F.  Barnes. 

18 

Hays,  Kans 

A.  F.  Swanson. 

19 

Woodward,  Okia 

J.  B.  Sieglinger. 

J.  J.  Bavles,  A.  H.  Leidigh. 

20 

Balmorhea,  Tex    

16 

21 

Chillicothe,  Tex 

16 

16 
16 
18 

22 
22 

li" 

22 
22 
22 

"22' 
22 
22 

D.  L.  Jones,  J.  R.  Quinby. 

22 

Southern  States 
Denton,  Tex  

10 

14 
14 

16 
16 

P.  B.  Dunkle,  A.  H.  Leidigh. 

23 

Temple,  Tex 

A.  B.  Cron,  H.  E.  Rea. 

24 

College  Station,  Tex 

R.  E.  Karper,  P.  C.  Mangelsdorf. 

25 

C.  W.  Edgerton,  H.  H.  Flor. 

D,  C.  Neal,  J.  F.  O'Kelly. 

26 

Starkville,  Miss 

16 
16 
16 
16 
16 
16 
16 
16 

19 
21 

'21' 

8 

21 

27 

Jackson,  Tenn 

S.  H.  Essary,  S,  A.  Robert. 

28 

Columbus,  Kans        

J.  H.  Parker,  I.  K.  Landon. 

29 

Manhattan,  Kans 

CO.  Johnston,  J.  H.  Parker. 

30 

rolnmhia,  Mo       

L.  J.  Stadler. 

31 

Vincennes,  Ind 

E.  B.  Mains,  Arthur  Goss. 

32 
33 

Murfreesboro,  Tenn 

S.  H.  Essary. 

Lexington,  Ky . 

21 

22 
22 
22 
22 

'22' 
22 

22 
22 
22 
22 
12 
22 
22 
22 
22 
22 

W.  D.  Valleau. 

34 

Auburn,  Ala 

H.  B.  Tisdale. 

35 

Tifton,  Ga 

19 

'21' 
21 

"21' 
21 
21 

'2i' 

li' 

21 
21 
21 

W.  J.  Davis. 

36 

Experiment,  Ga      

i  . 

16 
16 

R.  P.  Bledsoe. 

37 

Athens,  Ga 

10 
10 

R.  R.  Childs. 

38 

Knoxville,  Tenn 

.... 

16 
16 

16 
16 
16 
16 
16 
16 
16 

ie' 

16 

S.  H.  Essary. 

39 

Blacksburg,  Va        ....    . 

F.  D.  Fromme. 

• 
40 

North- Central  and  Northeastern 
States 

Lincoln,  Nebr 

14 
14 
14 
14 
14 
14 

'14' 
14 
14 

T.  A.  Kiesselbach. 

41 

Ames,  Iowa           .  . 

S.  M.  Dietz,  L.  C.  Burnett. 

42 
43 
44 
45 
46 
47 
48 
49 
50 

Brookings,  S.  Dak 

A.  T.  Evans,  Matthew  Fowlds. 

Fargo,  N.  Dak     

W.  E.  Brentzel,  L.  W.  Boyle. 

Crookston,  Minn 

R.  S.  Dunham. 

Duluth,  Minn 

M.  J.  Thompson,  H.  C.  Gilbert. 

Morris,  Minn        

R.  0.  Bridgford. 

Waseca.  Minn 

Coon  Creek,  Minn 

R.  E.  Hodgson. 
G.  E.  Nesom. 

St.  Paul,  Minn 

Red  Wing,  Minn 

H.  K.  Hayes,  0.  S.  Aamodt. 
J.  T.  Fulton,  L.  W.  Melander. 
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Table  1. — Location  of  uniform  oat-rust  nurseries,  number  of  oat  varieties,  and  names 
of  cooperators  at  each  of  the  65  experiment  stations  where  the  rust  nurseries  were 
grown  during  one  or  more  of  the  five  years  from  1923  to  1927 — Continued 


Map 
refer- 

Location 

Number  of  varieties 
grown  in  stated  years 

Cooperators 

«nce 

1923 

1924 

19251926 

1927 

51 

North-Central  and  Northeastern 
/Stoics— Continued . 

Madison,  Wis 

11 

14 

16 
16 
16 

22 

J.  Q.  Dickson. 

52 

Gurnee,  111 

G.  C.  Curran 

53 

Chatham,  Mich 

11 

14 

21 

22 
22 
22 
21 

J.  E.  Kotila.  G.  W.  Putnam. 

54 

East  Lansing,  Mich 

Ray  Nelson. 

55 

La  Fayette,  Ind 

16 

21 
21 

E.  B.  Mains. 

56 

Columbus,  Ohio 

W.  G.  Stover,  H.  L.  Borst. 

57 

Lowesville  Center,  Pa 

16 
16 

H.  W.  Thurston,  R.  S.  Kirby. 

58 

Brooklyn,  Pa 

Do. 

59 

Ithaca,  N.  Y.... 

21 

19 
21 
21 
21 
21 
21 

.40 

22 
48 

H.  H.  Love,  W.  T.  Craig. 

60 

Eastern  Canada 
Guelph,  Ontario 

14 
14 
14 

H.  T.  Gussow,  J.  E.  Howitt. 

61 

Ottawa,  Ontario...           ..  

H.  T.  Giissow,  J.  B.  MacCurry. 

62 

St.  Anne  de  la  Pocatiere,  Quebec 

H.  T.  Gussow,  H.  N.  Racicot. 

63 

Fredericton,  New  Brunswick           ! 

H.  T.  Gussow,  D.  J.  MacLeod. 

64 

Kentville,  Nova  Scotia..     

14 
14 

46 

H.  T.  Gussow,  J.  F.  Hockey. 

65 

Charlottetown,    Prince    Edward 
Island. 

Number   of   experiment   stations 
each  year. 

H.  T.  Gussow,  R.  R.  Hurst. 

21 

19 

Table  2. — Varieties  of  oats  grown  in  uniform  rust  nurseries  to  determine  their 
reaction  to  stem  rust  {Puccinia  graminis  avenae)  under  field  conditions  during 
one  or  more  of  the  five  years  from  1923  to  1927 


Oat  variety 

Number  of  experiment 
stations  each  year 

Nursery 

Name 

C.L 

No. 

1923 

1924 

1925 

1926 

1927 

years 

Anthony 

2143 

2043 

2330 

708 

2027 

1892 

1001 

2329 

2024 

2331 

847 

1880-1 

839 

2053 

2144 

1879 

1815 

787 

2025 

724 

659 

134 

551 

41 
46 

39 
40 

48 
47 
47 
47 
47 
48 
48 
47 
48 
48 
46 
48 
47 
47 
48 

128 

Burt  -             -  - ...             

19 

152 

Edkin 

47 

Fulghum.. 

21 

19 

46 

39 
36 
40 
39 
32 
39 
32 
39 
40 
35 
35 
39 

172 

83 

Green  Mountain 

46 
46 

134 

Hajira 

18 

151 

79 

logren 

21 

19 

46 

173 

Iowa  No   444 

80 

21 

18 

19 
19 

46 
46 

171 

Joanette 

171 

Kanota 

82 

82 

Minota  X  White  Tartar  (White  Russian)  . 

41 

128 

Monarch  Selection  (of  Etheridge) 

""21' 
21 
21 
21 
21 
21 
21 

19 
19 
19 
19 
19 
19 
19 
19 

19 

Red  Rustproof 

Richland                               ..     .. 

46 
46 
46 
46 
46 
46 
46 

40 
39 
39 
39 
40 
40 
40 

47 
47 
47 
48 
48 
48 
48 

173 
172 

Ruakura 

.     172 

173 

Silvermine            _. -  .. 

174 

Swedish  Select                                

174 

White  Tartar 

174 

Total  number  of  varieties  grown  each  year 

11 

14 

16 

21 

22 

3,064 

Some  of  the  varieties  tested  were  known  to  be  generally  resistant 
to  stem  rust  and,  under  certain  conditions,  to  crown  rust;  others 
were  included  because  of  their  high  yielding  capacity  and  commercial 
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importance ;  still  others  were  essential  in  determining  the  physiologic 
forms  of  Puccinia  graminis  avenae  (2,  18).  The  varieties  were  grown 
in  adjacent  rod  rows,  the  rate  of  seeding  being  15  grams  to  a  row. 
Duplicate  sowings  were  made  at  each  station  during  the  first  four 
years  of  the  experiment,  but  a  single  sowing  only  was  made  in  1927. 
The  rust  which  occurred  resulted  from  natural  infection,  as  no 
attempt  was  made  to  induce  artificial  epidemics. 

The  seed  stocks  of  the  varieties  were  produced  in  special  nursery 
increase  plots  at  the  Aberdeen  Substation,  Aberdeen,  Idaho,^  under 
the  direction  of  the  third  writer.  Prior  to  harvesting,  these  plots 
were  thoroughly  rogued,  and  in  subsequent  handling  of  the  grain 
every  effort  was  made  to  avoid  mixing  the  varieties. 

RESULTS  OF  INVESTIGATIONS 

The  results  of  the  observations  on  the  reaction  of  the  varieties  in  the 
various  nurseries  are  summarized  in  Tables  3  to  14.     Tables  3  to  10 


1 

f 

1 

1 

1 

• 

• 

f 

1 

» 

«  • 

5  per 

10  per 

25  per 

40  per 

65  per 

100  per 

cent 

cent 

cent 

cent 

cent 

cent 

Figure  2. — Diagram  showing  six  degrees  of  rustiness,  used  in  estimating  the  percentage  of  rust 
infection  on  leaf  or  stem.  The  shaded  spots  represent  rust,  and  the  figures  represent  approximately 
the  rust  percentages  computed  on  the  basis  of  the  maximum  amount  of  surface  covered  by  rust,  as 
shown  in  the  100  per  cent  figure.  This  figure  (No.  6  in  the  diagram)  represents  37  per  cent  of  actual 
surface  and  is  arbitrarily  selected  as  100  per  cent.    Other  percentages  are  in  terras  of  No.  6 

give  the  data  on  stem  rust,  and  in  Tables  11  to  14  the  data  on  crown 
rust  are  presented.  The  rust  estimates,  as  a  rule,  were  made  just  before 
the  plants  ripened;  but,  for  obvious  reasons,  this  procedure  could  not 
always  be  followed.  Most  of  the  rust  notes  were  taken  by  Levine, 
Stakman,  and  Humphrey.  vSome  of  them  were  taken  by  other  staff 
members  of  the  Office  of  Cereal  Crops  and  Diseases  engaged  in  the 
study  of  the  epidemiology  of  cereal  rusts.  In  a  few  instances  the 
rust  estimates  were  made  solely  by  the  local  cooperators.  In  all 
cases  where  it  was  possible  the  cooperator  helped  in  making  the 
rust  readings.  In  Table  1  are  listed  the  names  of  the  cooperators 
and  the  stations  at  which  the  nurseries  were  grown,  together  with 
the  number  of  varieties  grown  at  each  station  each  year. 

The  degree  of  rust  infection  on  the  different  varieties  was  deter- 
mined by  a  comparison  with  the  scale  for  estimating  rust  percentages 
(fig.  2),  adopted  by  the  Office  of  Cereal  Crops  and  Diseases.  This 
scale  indicates  the  degree  of  rust  but  does  not  take  into  consideration 
differences  in  the  type  of  infection.     For  several  years,  therefore,  in 


*  Credit  is  due  G,  A.  Wiebe,  assistant  agronomist,  formerly  In  charge  of  cereal  experiments  at  the  Aber* 
deen  Substation,  for  growing  these  special  increase  plots. 
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addition  to  recording  the  estimated  rust  percentages  on  the  basis  of 
Figure  2,  notations  were  made  also  of  the  degree  of  susceptibihty  of 
each  variety.  The  following  symbols  were  used:  S++  or  CS  for 
completely  susceptible,  S+  or  VS  for  very  susceptible,  S  or  MS  for 
moderately  susceptible,  S—  or  FS  for  fairly  susceptible,  SR  or  IN 
for  semiresistant  or  intermediate,  R—  or  FR  for  fairly  resistant,  R 
or  MR  for  moderately  resistant,  R  +  or  VR  for  very  resistant,  R  +  +  or 
ER  for  extremel}^  resistant,  and  I  or  AI  for  apparently  immune. 

An  attempt  was  made  to  combine  these  two  values  and  give  them 
a  mathematical  expression  in  order  to  show^  more  precisely  the  effect 
of  rust  infection  on  each  variety.  Decimal  values,  ranging  from  0.1 
to  1.0,  were  arbitrarily  assigned  to  the  symbols  expressing  the  host 
reaction.  Multiplying  these  indices  by  the  estimated  rust  percentages 
gives  the  coefficients  of  infection.  Goulden  and  Elders  (11)  'thought 
best  not  to  attempt  to  modify  the  percentage  readings  according  to 
the  pustule  type"  for  the  orange  leaf  rust  of  wheat,  since  the  degree 
of  susceptibility  to  leaf  rust  seems  to  be  expressed  accurately  by 
the  percentage  figure.  This  appears  equally  true  of  the  crown  rust 
of  oats,  although  there  sometimes  are  decided  differences  in  the  type 
of  infection  on  different  varieties.  All  stem-rust  data  in  this  bulletin 
are  expressed  in  coefficients  of  infection,  but  all  crown-rust  data  are 
given  as  rust  percentages. 

PUCCINIA  GRAMINIS  AVENAE 

In  general  there  was  considerably  more  stem  rust  on  oats  in  J  926 
and  1927  than  in  previous  years.  The  average  infection  coefficient  on 
the  susceptible  varieties  grown  in  those  two  years  only,  therefore, 
naturally  would  be  somew^hat  higher  than  it  would  have  been  had 
these  varieties  been  grown  during  the  entire  5-year  period,  there 
being  comparatively  little  rust  in  one  year,  1925.  Similarly,  suscep- 
tible varieties  grown  only  in  regions  where  rust  epidemics  were 
especially  heavy  in  any  one  year  would  obviously  have  an  apparently 
higher  average  infection  than  equally  susceptible  varieties  grow^n  in 
the  same  years  over  the  entire  area  or  only  in  regions  of  light  epi- 
demics. Consequently,  average-infection  coefficients  alone  do  not 
constitute  an  entirely  reliable  basis  for  comparison.  To  give  a  better 
basis  of  comparison,  the  average  infection  of  each  variety  was  com- 
pared with  that  of  the  Silvermine  oat  grown  during  the  corresponding 
period  in  the  same  nurseries  as  the  variety  in  question.  The  ratios 
thus  obtained,  expressed  in  percentages,  and  the  average  stem-rust 
coefficients  are  given  in  Table  10.  The  5-year  weighted  average 
coefficients  and  the  proportional  degrees  of  susceptibility  are  shown 
in  Figure  3. 

STEM-RUST  SITUATION  BY  YEARS 

The  coefficient  of  stem-rust  infection  of  each  variety  in  each 
nursery,  and  the  average  infection  of  each  variety  for  the  given  year, 
are  shown  in  Tables  3  to  7.  When  a  variety  was  not  grown  at  all 
stations,  or  when,  for  some  reason,  rust  estimates  were  not  made,  a 
dash  designates  the  omission. 

In  1923  the  nurseries  consisted  of  11  varieties  of  cultivated  oats 
and  were  grown  at  21  experiment  stations  in  the  United  States. 
Supplementing  these  uniform  nurseries,   a  more  extensive  varietal 
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nursery  was  grown  at  St.  Paul.'*  In  addition  to  varieties  and  selec- 
tions of  cultivated  oats,  four  species  of  wild  oats  were  grown.  In 
all,  the  following  five  species  of  Avena  were  represented:  A.  hrevis, 
A.  nuday  A.  sativa  (including  A.  orientalis) ,  A.  sterilis,  and  A.  strigosa. 
Inasmuch  as  the  varieties  grown  and  the. results  obtained  are  es- 
sentially the  same  as  those  reported  by  Bailey  {2,  p.  26-27)  for 
Canada,  the  results  are  not  given  in  detail.  The  only  varieties 
consistently  and  definitely  resistant  at  St.  Paul  were  Richland,  White 

O      /O     20    30   40     ,SO     £0    70     QO    90    /OO   //O  /20 

/J  00 /'//ER. 

/3  SWEP/S// S£L£CT 
20s/ L  VE^/^A-r/A/E 

22  ^£P /^{/sr/'/^oo/' 

23/^^/^KrOA/ 


FiGUBE  3.— Diagram  illustrating  the  weighted  average  coefficients  of  infection  (solid  black)  and  the 
relative  degree  of  susceptibility  (cross  hatching)  of  varieties  of  oats  grown  in  uniform  stem-rust 
nurseries  during  one  or  more  of  the  five  years  from  1923  to  1927.  (Numbers  preceding  names 
of  varieties  indicate  order  of  relative  degree  of  susceptibility) 

Tartar,  and  Green  Mountain.  The  first  two  (Green  Mountain  not 
being  grown  in  the  uniform  nurseries  in  1923)  were  the  only  varieties 
which  proved  resistant  in  all  of  the  uniform-rust  nurseries.  Although 
1923  was  not  considered  an  epidemic  year,  the  infection  coefficient, 
probably  virtually  equivalent  to  yield  loss,  was  as  high  as  50  per 
cent  on  Ruakura  at  Crookston,  Minn.,  and  from  40  to  45  per  cent 
on  several  other  varieties  in  at  least  two  other  nurseries.  No  stem 
rust  was  found  at  Athens,  Ga.,  and  but  very  little  at  Knoxville, 
Tenn.  The  details  for  each  variety  in  the  aifferent  nurseries  are 
presented  in  Table  3.  Physiologic  forms  1  and  2  were  responsible 
for  the  epidemic  in  1923. 


•  A.  W.  Henry  made  these  tests  In  1923  and  1924. 
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Table  3. — Coefficients  of  stem-rust  infection  on  11  varieties  of  oats  grown  in  uni- 
form nurseries  at  21  experiment  stations  in  the  United  States  in  1923 


[T.= 

=Trace] 

Coefficients  of  infection 

Avena  sativa 

A.  sa- 
tiva ori- 
entalis 

A.  byzan- 
tina 

Location 

Early 

Midseason 

Late 

Early 

Mid- 
season 

White 

Yellow 

Gray 

White 

Yellow 

Black 

White 

Red 

Red 

1 

si 

g 

la 

CO 

n 

2 

1 

«| 

Northern  Great  Plains: 

Dickinson,  N.  Dak 

] 

9 
7 
11 
4 

40 

0 

T. 

T. 

T. 

7 

8 

9 

6 

T. 

40 

20 

12 

T. 

2 

6 
4 
6 
4 
6 
T. 

30 
0 
2 

5 
2 
2 
4 
2 
4 
4 
15 
20 
4 
T. 
3 

T. 

T. 

T. 
0 
0 
0 

0 
0 

" 

0 
0 
0 

T. 
0 

T. 

T. 
0 
0 
0 
0 
0 

11 

12 
23 
6 

8 
7 

45 
0 
1 

20 
10 

2 

4 
50 
35 

9 
40 
23 
10 
18 

3 

23 
7 
2 
5 
9 

T. 

45 

0 

T. 

10 
6 
11 
10 
18 
11 
10 
30 
27 
10 
4 
2 

30 
9 
5 
2 

16 
2 

20 
0 
0 

20 
10 
13 

8 
27 
27 

20 
32 
12 
10 
3 

23 
16 
16 
5 
14 
T. 

40 

0 

T. 

12 

4 

11 

8 

25 

12 

17 

15 

23 

8 

6 

2 

18 
16 
2 
10 
13 
T. 

35 
8 
11 
16 
15 
14 
20 
15 
16 
18 
9 
2 

T. 
0 
0 

T. 

1 
0 

1 
0 
0 

0 

0 
T. 

1 
T. 
T. 
T. 
T. 

0 
T. 
T. 

0 

35 
18 
14 
4 
8 
2 

30 

0 

T. 

15 

8 

4 

6 

25 

11 

8 

20 

16 

8 

18 

5 

18 

Mandan,  N.  Dak 

20 

Langdon,  N.  Dak. 

12 

Edgeley,  N.  Dak.. 

12 

Redfield,  S.  Dak ^... 

Akron,  Colo . 

10 
T. 

Southern  States: 

Denton,  Tex 

45 

Athens,  Ga 

0 

Knoxville,  Tenn 

T 

North  Central  States: 

Lincoln,  Nebr...  .  ... 

12 

Ames,  Iowa , 

16 

Brookings,  S.  Dak 

8 

Fargo,  N.  Dak     

23 

Crookston,  Minn.. 

30 

Duluth,  Minn 

23 

Morris,  Minn 

20 

Waseca,  Minn 

25 

Coon  Creek,  Minn.. 

32 

St.  Paul,  Minn 

6 

Madison,  Wis 

3 

Chatham,  Mich 

1 

Average    infection    coeffi- 
cient     . 

9 

6 

T. 

16 

11 

13 

12 

13 

T. 

12 

15 

The  general  stem-rust  epidemic  of  1924  was  virtually  of  the  same 
intensity  as  that  of  the  preceding  year,  although  it  varied  consider- 
ably in  the  different  localities  and  areas.  In  all,  14  varieties  of  oats 
were  grown  in  the  nurseries  in  1924,  Burt,  Hajira,  and  Monarch 
Selection  (of  Etheridge)  having  been  added.  Table  4  summarizes 
the  data  on  the  infection  of  Puccinia  graminis  avenae  on  these  varieties 
grown  at  19  experiment  stations.  The  infection  coefficients  for  the 
varieties  grown  at  Temple,  Tex.,  are  averages  of  readings  on  both 
winter  and  spring  sowings.  Richland,  Hajira,  and  White  Tartar 
were  resistant  to  stem  rust  at  all  of  the  stations  except  Temple.  This 
suggests  the  presence  at  Temple  of  a  virulent  physiologic  form  of 
P.  graminis  avenae  hitherto  unknown  in  North  America.  All  of  the 
other  1 1  varieties  proved  to  be  at  least  moderately  susceptible  wherever 
enough  stem  rust  developed  to  permit  differentiation.  Silvermine  and 
Red  Rustproof  suffered  most  from  the  stem-rust  attack  in  1924,  with 
logren  and  Ruakura  close  seconds.  In  1923  the  two  most  severely 
affected  varieties  were  Ruakura  and  Red  Rustproof.  In  the  varietal 
test  in  1924  at  St.  Paul  the  rust  attack  was  light,  but  sufficient  rust 
developed  to  indicate  the  degree  of  susceptibility  of  most  of  the 
varieties.     Those  which  were  resistant  in  1923,  namely,  Richland, 
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White  Tartar,  and  Green  Mountain,  were  again  resistant  in  1924. 
No  stem  rust  developed  on  Albion,  Cole,  Gopher,  lowar,  and  Nebraska 
No.  21,  but  these  varieties  evidently  merely  escaped  infection  because 
of  early  maturity,  for  they  all  became  very  heavily  rusted  in  late 
sowings  at  Winnipeg,  Manitoba  {2,  p.  27).  The  same  physiologic 
forms  that  occurred  in  1923,  namely,  1  and  2,  were  the  predominant 
forms  in  1924  also. 

Table  4. — Coefficients  of  stem-rust  infection  on  14  varieties  of  oats  grown  in  uniform 
nurseries  at  19  experiment  stations  in  the  United  States  in  1924 

(T.- Trace] 


Coefficients  of  infection 

Avena  sativa 

A.  sa- 
tiva ori- 
entalis 

A.  byzantina 

Early 

Midseason 

Late 

Early 

Mid- 
season 

White 

Yellow 

Gray 

White 

Yellow 

Black 

White 

Red 

Red 

3 

1 

1 

V 

1 

03 

1 

« 

1 

a 

1 

> 

1 

1 

2 

Id 

2 

pq 

•s 

« 

Northern  Great  Plains: 

Dickinson,  N.  Dak 

Mandan,  X.  Dak 

Langdon,  N.  Dak 

Edgeley,  N.  Dak 

Archer,  Wyo 

North  Platte,  Nebr 

Southern  States: 

Denton,  Tex 

T. 

10 
4 
2 

T. 
9 

4 

7 

9 
18 
36 
3 
3 
8 
8 
8 
10 
5 
11 

T. 
T. 
3 
T. 
T. 
14 

T. 

8 

9 
4 

16 
3 
4 
6 
4 
9 

T. 
4 

20 

0 

"o' 

0 

0 

T. 

T. 
8 

3 
0 

T. 

T. 

T. 

T. 
0 
0 
0 
0 

T. 

T. 
T. 

0 
T. 

0 
T. 

0 

16 

T. 
0 
0 

T. 
0 

T. 
0 
0 
0 

T. 

T. 

T. 
5 
50 
T. 
T. 
20 

5 
6 

18 
45 
16 

4 
12 
16 
10 

4 
18 
24 
70 

T. 
5 

25 
T. 
T. 
20 

7 
6 

32 

23 

60 

10 

8 

40 

6 

7 

18 

16 

85 

T. 
T. 
8 
T. 
T. 
35 

7 
7 

9 

7 
45 

6 
30 
18 
12 

8 
12 
15 
41 

T. 

1 

18 
T. 
T. 

18 

10 

5 

16 

36 

50 

4 

15 

35 

4 

6 

16 

16 

75 

T. 

T. 

J 
3 
27 

? 

23 
2 

18 
8 
2 
1 

25 

T. 
5 

T. 
T. 
27 
T. 
0 
14 

5 
2 

6 
12 
45 
10 
23 
23 

6 

8 
35 

4 
36 

T. 
0 

T. 

T. 
0 
1 

T. 
3 

1 

T. 
1 
1 

T. 

T. 

T. 

T. 

T. 

T. 

T. 

T. 

5 
36 
T. 
T. 
18 

T. 

1 

5 
12 
12 
6 
7 
25 
4 
6 
2 
14 
32 

T. 

10 
32 

1 
T. 

7 

T. 
4 

14 

23 

32 

6 

5 

18 

6 

8 

10 

24 

45 

T. 
T. 
40 
3 
T. 
23 

5 

Temple,  Tex  ... 

5 

North-Central  States: 

Lincoln,  Nebr     

9 

Ames,  Iowa  . 

36 

Brookings,  S.  Dak 

Fargo,  N.  Dak 

36 

8 

Crookston,  Minn._ 

Duluth,  Minn 

36 
50 

Waseca,  Minn      

12 

Coon  Creek,  Minn 

St.  Paul,  Minn 

10 
45 

Madison,  Wis    

4 

Chatham,  Mich 

45 

Average  infection  co- 
efficient .. 

8 

6 

1 

. 

17 

19 

14 

17 

6 

14 

• 

10 

13 

19 

In  1925  the  nurseries  were  grown  at  46  experiment  stations  in  the 
United  States  and  eastern  Canada.  (Table  5.)  Hardly  any  stem  rust 
appeared  in  the  northern  and  southern  Great  Plains  areas;  only  a 
trace  in  the  Southern  States,  except  Virginia;  and  but  very  little  in 
the  eastern  Canadian  Provinces.  From  Virginia  northward  in  the 
North-Central  and  Northeastern  States  there  was  considerable  rust. 
It  seemed  to  extend  gradually  westward,  but  reached  the  Dakotas 
too  late  to  become  abundant.  Purely  circumstantial  evidence  seems 
to  suggest  that  barberries  in  the  central  Eastern  States  were  the  prin- 
cipal source  of  the  stem  rust  on  oats  in  that  year.  The  following 
91697—30 2 
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varieties  and  crosses  of  oats  proved  most  resistant  to  stem  rust  in 
1925:  Hajira,  Eichland,  White  Tartar,  Green  Mountain,  Anthony, 
and  Minota  X  White  Tartar  (White  Russian).  Of  the  remaining  10 
varieties,  Red  Rustproof  had  the  highest  infection  coefficient  for  the 
year,  but  less  than  in  either  1924  or  1923;  that  for  Ruakura  was 
nearly  as  high;  and  the  coefficients  for  Silvermine,  Swedish  Select, 
and  logren  were  somewhat  smaller.  Puccinia  graminis  avenae 
form  2  occurred  in  all  nurseries  in  which  stem  rust  developed,  with 
the  exception  of  those  at  Chatham,  Mich.,  and  Guelph,  Ontario, 
where  form  1  was  found.  The  very  virulent  forms  did  not  appear 
in  1925  in  the  United  States,  but  in  Canada,  according  to  Gordon 
(10,  p.  4-63),  ''a  collection  from  Paskwegin,  Saskatchewan,  in  1925, 
yielded  a  form  which  differs  in  its  infection  capabilities  from  all 
other  forms  yet  reported,  in  being  able  to  infect  heavily  all  differential 
hosts.    It  is  considered  new,  and  has  been  named  physiologic  form  6.'' 

Table  5. — Coefficients  of  stem-rust  infection  on  16  varieties  of  oats  grown  in  uni* 

form  nurseries  at  S6  experiment  stations  in  the  United  States  and   Canada  in 

1925 

[T.= Trace] 
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Northern  Great  Plains: 

Dickinson,  N.  Dak 

0 

0 

0 

0 

0 

0 

n 

n 

0 

0 

0 

n 

n 

0 

1 

0 

Mandan,  N  Dak 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

Redfield,  S.  Dak. 

T. 

T. 

0 

0 

6 

0 

0 

2 

1 

3 

1 

T 

T 

7, 

T 

2 

Hlghmore,  S  Dak 

6 

3 

0 

T. 

3 

T. 

0 

5 

T. 

2 

T. 

T. 

n 

3 

10 

T. 

Newell,  S.  Dak.. 

T. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

T, 

T. 

Archer,  Wyo 

0 

0 

0 

0 

0 

n 

0 

n 

0 

0 

0 

n 

0 

n 

0 

0 

Fort  Collins,  Colo 

0 

T. 

T. 

0 

0 

0 

0 

n 

T. 

T. 

2 

0 

0 

0 

T 

0 

North  Platte,  Nebr 

0 

0 

0 

n 

0 

n 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

Southern  Great  Plains: 

Colby,  Kans 

0 

0 

0 

0 

0 

n 

n 

n 

0 

0 

0 

n 

0 

n 

0 

0 

Hays,  Kans... 

n 

0 

0 

0 

0 

n 

n 

n 

0 

0 

0 

n 

0 

n 

0 

0 

Woodward,  Okla. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

Balmorhea,  Tex 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

T 

0 

0 

Southern  States: 

Denton.  Tex 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

I 

0 

n 

I 

0 

n 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

T. 
0 

0 

Temple,  Tex 

0 

Starkville,  Miss.. 

Jackson,  Tenn 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

n 

n 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

Columbus,  Kans 

0 

Manhattan,  Kans 

0 

0 

0 

0 

0 

0 

0 

0 

T. 

T. 

0 

0 

n 

n 

0 

0 

Columbia,  Mo 

0 

0 

0 

0 

T. 

n 

n 

T. 

n 

T. 

T. 

0 

0 

0 

T 

0 

Vincennes,  Ind 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

Mur/reesboro,  Tenn 

0 

Lexington,  Ky.. 

n 

0 

0 

n 

0 

0 

n 

n 

0 

0 

0 

0 

n 

0 

0 

0 

Experiment,  Ga 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

Athens,  Ga_- 

0 
0 

I 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

n 

0 
0 

0 
0 

0 

Knoxville,  Tenn 

0 

Blacksburg,  Va 

6 

0 

0 

2 

20 

1 

1 

20 

50 

35 

4 

0 

5 

20 

40 

20 

RUST  RESISTANCE   OF   OAT  VARIETIES 
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Table  5. — Coejfficients  of  stem-rust  infection  on  16  varieties  of  oats  grown  in  uni- 
form nurseries  at  36  experiment  stations  in  the  United  States  and  Canada  in 
1P;?5— Continued. 

[T.=TraceI 


Coefficients  of  Infection 

A.  sa- 

Avena sativa 

tiva  ori- 
ental is 

A.  bytantina 

Early 

Midseason 

Late 

Early 

Mid- 
season 

White 

Yellow 

Gray 

White 

Yellow 

Black 

White 

Red 

Red 

Location 

r 

fl 

a 

1 

s 

"c? 

n 

1 
1 

3 

>> 
§ 

a 
< 

SI 

£ 

1 

1 

1 

2 

s 

a 

1 

O 

.-2 

1 

E 

3 

1 

North-Central  and  North- 

eastern States: 

Lincoln,  Nebr 

T. 

T. 

0 

T. 

10 

0 

0 

2 

T. 

4 

0 

T. 

0 

T. 

12 

1 

Ames,  Iowa       .. 

T. 

8 

8 
15 

0 
T. 

0 
0 

25 
50 

'1'. 
T. 

T. 
T. 

20 
35 

7 
35 

12 
40 

5 
5 

U 

(1 

16 

18 

52 
25 

12 

Brookings,  S.  Dak 

2    T. 

55 

Fargo,  N.  Dak 

45 
5 

45 
15 

0 
T. 

0 
2 

65 
40 

4 
T. 

1   90 
T.i  35 

80 
55 

75 
40 

60 
14 

0 
T. 

■'i 

ll 

75 
10 

85 

Crookston,  Minn. 

65 

Duluth,  Minn 

1 

11 
2 

0 
0 

0 
0 

36 
40 

4 

T. 

4    18 
T.i  25 

75 
10 

65 
14 

60 
9 

3 
T. 

4 
T. 

40 
18 

25 
12 

32 

Morris,  Minn. 

16 

Coon  Creek,  Minn 

12 

20 

T. 

T. 

25 

3 

ll  60 

60 

36 

50 

3 

1 

40 

15 

75 

St.  Paul,  Minn 

4 

15 

T. 

T. 

2C 

T. 

T.   30 

5 

12 

1 

T. 

T. 

20 

40 

2 

Madison,  Wis 

8 

4 

0 

0 

40 

T. 

0   14 

36 

18 

4 

T. 

T. 

10 

14 

75 

Qurnee,  111 

18 

5 

1 

8 

2C 

2 

1    25 

50 

40 

9 

T. 

2 

15 

20 

45 

Chatham,  Mich 

23 

14 

T. 

1 

4C 

4 

4   30 

40 

25 

11 

2 

2 

18 

35 

14 

La  Fayette,  Ind 

0 

0 

0 

0 

0 

0 

o;  0 

0 

0 

0 

0 

0 

0 

0 

0 

Lowesville  Center,  Pa.. 

25 

30 

3 

4 

65 

15 

10   45 

25 

30 

15 

10 

10 

60 

40 

45 

Brooklyn,  Pa 

30 

50 

3 

2 

85 

2 

25l  75 

8 

65 

10 

5 

5 

80 

80 

65 

Eastern  Canada: 

Quelph,  Ontario 

T 

5 

(1 

T. 

12 

40 

?5 

35 

8 

T. 

2 

16 

15 

25 

Ottawa,  Ontario 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T. 

0 

0 

0 

0 

St.  Anne  de  la  Poca- 

tiere,  Quebec     

0 

n 

0 
T 

0 
0 

0 
0 

0 
0 

0 
T 

0 
T 

0 
T. 

0 
0 

s 

0 
0 

0     0 
0     0 

0 

Kentville,  Nova  Scotia. 

T. 

Charlottetown,  Prince 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

U 

0 

0 

Average  infection  co- 

efficient     

5 

5 

T. 

T. 

13 

1 

1 

1? 

12 

12 

6 

1 

1 

10!  11 

14 

Five  new  varieties  were  added  in  1926,  bringing  the  total  up  to  21. 
Stem-rust  notes  were  taken  at  40  different  stations  in  the  United 
States  and  eastern  Canada.  (Table  6.)  Although  in  Texas  there  was 
heavy  stem-rust  infection  of  oats  at  College  Station  and  Denton, 
there  was  very  little  at  Temple,  and  only  a  trace  at  Chillicothe.  In 
the  three  nurseries  in  Kansas  and  northward,  the  degree  of  stem 
rust  on  oats  increased,  reaching  a  maximum  at  Ames,  Iowa,  and 
Fargo,  N.  Dak.  In  western  North  Dakota,  however,  there  was  very 
little  stem  rust.  The  most  resistant  varieties  in  1926  w^ere  practically 
identical  with  those  resistant  in  previous  years.  They  were  as  fol- 
lows, in  the  order  of  their  resistance:  Hajira,  logold,  MinotaX  White 
Tartar  (White  Russian),  Anthony,  Richland,  Green  Mountain,  and 
White  Tartar.  The  average  infection  coefficients  for  these  varieties 
ranged  from  0.7  to  3.5.  Of  the  two  new  varieties  added,  logold  and 
Iowa  No.  444,  the  former  proved  to  be  extremely  resistant.  The 
average  infection  coefficient  of  logold  was  only  0.6.  The  reaction  of 
this  variety  to  the  known  physiologic  forms  of  Puccinia  graminis 
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avenae  is  similar  to  that  of  Richland  and  Hajira.  Iowa  No.  444,  like 
Joanette,  appears  to  be  genetically  impure,  as  there  was  considerable 
variation  in  the  degree  and  type  of  infection  even  on  individual  plants 
in  different  nurseries.  The  most  susceptible  variety  in  1926  was 
Markton,  but  Silvermine,  Ruakura,  and  logren  were  almost  as  sus- 
ceptible. The  detailed  results  for  all  varieties  in  all  of  the  nurseries 
are  summarized  in  Table  6.  Physiologic  form  2  of  P.  graminis  avenae 
again  occurred  in  all  of  the  nurseries  and  probably  was  principally 
responsible  for  the  rust  epidemic. 


Table  6. — Coefficients  of  stem-rust  infection  on  21  varieties  of  oats  grown  in  uniform 
nurseries  at  40  experiment  stations  in  the  United  States  and  eastern  Canada  in 
1926 

[T.  =  Trace] 


Coefficients  of  infection 

A.  sa- 

Avena sativa 

tiva 
ori  en- 

A. byzantina 

tails 

Mid- 

Early 

Midseason 

Late 

Early 

sea- 
son 

Location 

White 

Yellow 

Gray 

White 

Yel- 
low 

Black 

White 

Red 

Red 

1 
1 

S 

e 

s 

1 
1 

■3 

1 

1 

•^ 

1 

2  u 

il 

0 

a 

§ 

J 

5: 

6 

03 

1 

1 

1 
1 

'e? 

2 
0 

s 

-a 
a 

0 

cS 

<5 

X 

i. 

§■1 

ill 

1 

a 
S 

1 

0 

Eh 
B 

3  IS 

pq  \fM 

0 

1 

Western  States:            i 

" 

Aberdeen,  Idaho.!  T. 

T. 

0 

0 

0 

T. 

T. 

T. 

0  T. 

T. 

T. 

T. 

T. 

0 

0 

0 

0 

0 

Northern    Great  ! 

Plains:                       ! 

Dickinson,    N.  1 

Dak T. 

0 

T. 

T. 

0 

0 

0 

T. 

0 

T. 

T.  T. 

T. 

T. 

T. 

0 

T. 

T. 

0 

0 

T. 

Mandan,  N.  Dak  J  25 

8 

13 

13 

0 

T. 

0 

35 

0 

0 

15    15 

20 

8 

18 

T. 

2 

25 

25 

30 

18 

Newell,  S.  Dak...|    3 

T. 

3 

3 

0 

T. 

T. 

25 

0 

0 

5   20 

60 

60 

0 

T. 

T. 

3 

8 

12 

2 

Archer,  Wyo |  T. 

10 

T. 

T. 

0 

6|t. 

T. 

T. 

0 

T.  T. 

T. 

9 

0 

0 

0 

T. 

T. 

T. 

T. 

Fort  Collins,  Colo.     9 

4 

5 

5 

T. 

0 

0 

25 

T. 

0 

11     7 

4 

35 

4 

0 

T. 

30 

40 

50 

16 

North    Platte, 

1 

Nebr |    8!    2 

4 

12 

T. 

0 

0 

20 

T. 

1 

18;  15 

10 

15 

18;  T. 

1 

5 

25 

20 

7 

Southern    Great 

1 

t 

Plains:                        \ 

Colby,  Kans- !    0 

0 

0 

0!    0 

0 

0 

0 

0 

0 

0 

0 

0 

T. 

0!   0 

0 

0 

0 

0 

0 

Hays,  Kans |    0 

0 

5 

3:      0 

0 

0 

7 

0 

0 

5 

1 

3 

3 

0     0 

0 

0 

7 

4 

0 

Chillicothe,  Tex..'.,. 

T. 

T.  T. 

T. 

T. 

T. 

T. 

T. 

T. 

T. 

T.  T. 

T. 

T. 

T. 

T. 

Southern  States: 

Denton,  Tex ... 

45 

30  T. 

... 

T. 
0 

40 

1 

3 
1 

3 
T. 

681  80 

3     4 

59 
10 

... 

36  T. 
1      2 

T. 
3 

40 
2 

25 

1 

... 

70 

Temple,  Tex 

2     10 

4 

College    Station, 

Tex 

65 

18 

65   70i     2 

1 

65 

75 

9 

T. 

72   80 

90 

35|  18 

45 

70 

72 

Starkville,  Miss.. 

1 

0    Oi   d 

0 

2 

0 

0 

Il     3 

2 

"2 

0|    0 

1 

1 

"0 

"2 

5 

Jackson,  Tenn 

5 

"0 

0     3  T. 

"0 

3 

4 

2 

T. 

0!     1 

20 

2 

0,     2 

16 

0 

3 

3 

4 

Manhattan,  Kans. 

0 

0 

0    oi    0 

0 

0 

0 

0 

0 

0|     0 

0 

2 

0     0 

0 

0 

0 

0 

0 

Columbia,  Mo 

_l 

50   50 

"9 

30|     1 

Ij    0 

1 
0 

1 

45 
2 

"i5 

65 

Vincennes,  Ind... 

■"i 

"6 

"5"'i;"'o 

"0 

"0 

3 

"0 

"■"0 

2,    0;  10 

3 

Lexington,  Ky 

10 

18 

10   20j     1 

T. 

0 

25 

1 

1 

50,  181  25 

35 

14;  T. 

1 

12 

20 

25 

18 

Tifton,  Ga 

1     4 

1|    Oi    0 

2 

2 

1 

0 

2     3     2 

2 

0;    0 

0 

16 

4 

1 

2 

Knoxville,  Tenn.. 

i    0 

"0 

0!   ol   0 

"0 

0 

0 

0 

0 

0     Oi     0 

0 

Oi    0 

0 

0 

0 

0 

0 

Blacksburg,  Va... 

:   2 

0 

2 

5 

0 

0 

0 

2 

T. 

T. 

5 

4 

4 

5 

T. 

T. 

1 

4 

2 

7 

7 

RUST    RESISTANCE    OF   OAT   VARIETIES 
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Table  6. — Coefficients  of  stem-rust  infection  on  21  varieties  of  oats  grown  in  uniform 
nurseries  at  40  experiment  stations  in  the  United  States  and  eastern  Canada  in 
1926— Continued. 

(T.- Trace] 


Coefficients  of  infection 

A.  sa- 

Avena satlva 

liva 
orien- 

A.  byzantina 

talis 

Mid- 

Early 

Midseason 

Late 

Early 

sea- 
son 

Location 

Yel- 
low 

White 

Yellow 

Gray 

White 

Black 

White 

Red 

Red 

3 

: 

•id 

o 

1 

1 

, 

.^ 

1 
O 

1 
1 

1 

1 

2 

1 

1 

1 
< 

2h 

o 
a 

5 

a 

1 
s 

an 

CO 

CO 

M 

1 

1 

a 

i 

O 

s 

1 

1 
1 

1 

North-Central    and 

Northeastern  States: 

Ames,  Iowa 

90 

3 

75 

60 

2 

2 

T. 

90 

2 

1 

90 

85 

95 

86 

41 

1 

2 

46 

36 

86 

86 

Brookings,  S.  Dak. 

69 

42 

68 

56 

9 

6 

9 

70 

20 

21 

76 

82 

76 

68 

77 

20 

23 

68 

68 

68 

80 

Fargo,  N.  Dak... 

90 

50 

90 

85 

3 

1 

8 

85 

8 

8 

95 

90 

90 

95 

75 

8 

8 

36 

90 

90 

90 

Duluth,  Minn-.. 

9 

14 

14 

9 

0 

0 

0 

41 

1 

2 

35 

18 

14 

50 

14 

2 

2 

32 

14 

18 

66 

Waseca,  Minn 

30 

7 

30 

26 

T. 

0 

T. 

60 

1 

1 

70 

65 

60 

35 

30 

2 

5 

14 

46 

66 

95 

Coon     Creek, 

Minn 

35 

30 

25 

36 

1 

T. 

T, 

80 

1 

1 

76 

46 

60 

96 

23 

1 

1 

66 

86 

90 

75 
9 

St.  Paul,  Minn... 

4 

0 

4 

7 

0 

0 

0 

12 

0 

0 

2 

16 

10 

26 

4 

T. 

0 

4 

6 

4 

Red  Wing,  Minn. 

5 

o;  9 

9 

T. 

0 

0 

45 

T. 

T. 

18 

18 

25 

66 

11 

T. 

T. 

16 

18 

18 

30 

Chatham,  Mich.. 

36 

1 

32 

27 

1 

1 

2 

50 

3 

3 

95 

66 

80 

46 

70 

1 

1 

18 

23 

41 

75 

La  Fayette,  Ind.. 

4 

3 

9 

9 

T. 

0 

T. 

38 

T. 

T. 

30 

18 

38 

46 

2 

0 

T. 

38 

45 

45 

30 

Columbus,  Ohio.. 

0 

0 

3 

3 

,0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

Ithaca,  N.  Y 

12 

3 

5 

6 

2 

6 

T. 

41 

2 

2 

68 

41 

41 

68 

20 

2 

2 

12 

45 

72 

72 

Eastern  Canada: 

1 

Guelph,  Ontario.. 

63 

18 

20 

3 

1 

90 

36 

21 

95 

95 

85 

95 

28 

36 

21 

41 

68 

90 

90 

Ottawa,  Ontario.. 

25 

t. 

25 

11 

0 

0 

T. 

54 

T. 

T. 

41 

32 

49 

46 

T. 

T. 

27 

55 

35 

6 

St.AnnedelaPo- 

catiSrc,  Quebec. 

68 

16 

54 

63 

T. 

T. 

T. 

78 

5 

T. 

68 

69 

72 

81 

9 

2 

T. 

72 

72 

81 

36 

Fredericton,  New. 

Brunswick 

5 

T. 

T. 

T. 

0 

T. 

T. 

32 

T. 

0 

8 

14 

14 

23 

6 

T. 

T. 

6 

23 

18 

T. 

Kentville,    Nova 

Scotia 

16 

T. 

6 

26 

T. 

0 

0 

80 

0 

0 

80 

0 

80 

T. 

0 

0 

0 

0 

32 

23 

8 

Charlottetown, 

Prince  Edward 

Island 

T. 

0 

T. 

T. 

0 

T. 

0 

T. 

0 

0 

T. 

T. 

T. 

T. 

0 

0 

0 

T. 

T. 

T. 

0 

Average    infec- 

tion     coeffi- 

cient  '  19 

71, 

16 

1 

1 

2 

31 

2 

2 

31 

26 

31 

32 

14 

3 

* 

19 

24 

29 

28 

Rust  conditions  in  1927  were  not  essentially  different  from  those 
in  1926,  although  stem  rust  was  much  heavier  in  1927  in  the  northern 
Great  Plains  and  in  the  States  bordering  on  the  Great  Lakes,  and 
much  lighter  in  the  southern  Great  Plains  and  on  the  Atlantic  sea- 
board. The  different  varieties  tested,  as  may  be  noted  from  Table 
7,  behaved  as  a  whole  in  very  much  the  same  manner  as  in  previous 
years.  The  average  coefficient  of  infection  for  the  respective  varieties 
in  1927  was  in  many  cases  strikingly  similar  to  that  of  1926,  although 
the  physiologic  forms  isolated  were  slightly  different  in  the  two  years. 
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Puccinia  graminis  avenae  form  2  was  common  and  almost  omni- 
present in  1927,  as  it  was  also  in  1926.  Form  1  was  isolated  from  a 
number  of  nurseries  in  1926,  but  it  was  not  found  at  all  in  the  United 
States  in  1927.  Form  5  was  found  in  1927  at  Starkville,  Miss.,  and 
at  Fargo,  N.  Dak.  Form  5,  however,  is  not  greatly  different  from 
form  1.  The  only  difference  is  the  effect  on  '^Joanette  strain"  and 
'* Strain  703,"  both  of  which  are  very  resistant  to  form  1  and  inde- 
terminate to  form  5.  There  may  have  been  an  error  in  the  sowing 
order  in  the  Fort  Collins,  Colo.,  nursery  in  1927.  Elsewhere,  if  there 
was  a  distinct  difference  in  the  stem-rust  infection  on  Richland  and 
Edkin,  the  latter  was  the  more  heavily  infected.  But  at  Fort  Collins, 
the  infection  coefficient  for  Richland  was  41  and  only  a  trace  for 
Edkin.  Richland  normally  reacts  like  Hajira  and  logold,  and  these 
two  had  but  a  trace  or  no  rust  at  all  at  Fort  Collins.  It  is  therefore 
fairly  safe  to  assume  an  error  in  labeling. 


Table  7. — Coefficients  of  stem-rust  infection  on  22  varieties  of  oats  grown  in  uniform 
nurseries  at  48  experiment  stations  in  the  United  States  in  1927 

[T.= Trace] 


Coefficients  of  infection 

A.  sa- 

Avena sativa                    ^ 

tiva 
orien- 

A.  byzantina 

talis 

Mid- 

Early 

Midseason 

Late 

Early 

sea- 
son 

Location 

White 

Yellow 

White 

Yel- 
low 

Black 

White 

Red 

Red 

B 

J 

Ih 

1 

H§ 

2g 

fl 

o 

_^ 

•3 

v-i 

CO 

o 

3 

05 

^ 

^ 

i 

1 

t3 

03 

"3 

1 

1 

2 

3 

o 

ii 

1 
> 

1 

5? 

2 

1 

1 
a 

2 

t^ 
s 

a 

3 

03 

1 

1 

O 

° 

o 

W 

a 

o 

« 

« 

< 

s 

s 

CD 

0 

^ 

5 

0 

^ 

^ 

fe 

M 

tf 

Western  States: 

Moro,  Greg 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

s 

0 
0 

0 
0 

0 
0 

I 

0 
0 

0 
0 

0  0 

01  0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

Moscow,  Idaho 

0 

Aberdeen,  Idaho 

3 

2 

3 

10 

T. 

0 

0 

0   20 

0 

0 

10 

6 

10 

30 

5     0 

0 

3 

5 

20 

10 

Estes  Park,  Colo... 

0 

0 

0 

T. 

0 

36 

0 

0 

36 

0 

0 

5 

4 

4 

T. 

Oi  20 

0 

4 

5 

T. 

0 

Northern    Great 

Plains: 

Dickinson,  N.  Dak. 

20 

2 

8 

8 

T. 

T. 

T. 

T. 

20 

T. 

T. 

4 

12 

11 

12 

4 

T. 

T. 

18 

32 

21 

16 

Mandan,  N.  Dak... 

8 

T. 

16 

16 

2 

T. 

T. 

T. 

76 

2 

T. 

48 

52 

56 

72 

14 

5 

3 

48 

68 

60 

72 

Langdon,  N.  Dak... 

11 

1 

27 

10 

T. 

0 

0 

T. 

9 

1 

T. 

15 

11 

35 

13 

6      1 

1 

5 

4 

2 

45 

Webster,  S.  Dak.... 

14 

3 

18 

4 

0 

0 

0 

0 

11 

1 

1 

231     7 

23 

11 

8i     1 

1 

9 

9 

9 

27 

Eedfield,  S.  Dak.... 

16 

1 

4 

4 

0 

0 

2 

0'  12 

1 

2 

241  20 

32 

28 

8i     1 

2 

16 

24 

32 

8 

Highmore,  S.  Dak.. 

8 

16 

8 

8 

T. 

T. 

1 

0   20 

1 

T. 

32!  32 

40 

48 

16i     2 

4 

32 

48 

52 

56 

Newell,  S.  Dak 

35 

3 

40 

40 

0 

0 

0 

o;  25 

0 

0 

25  j  25 

25 

75 

1|     0 

0 

45 

45 

30 

10 

Archer,  Wyo 

36 

4 

23 

23 

36 

7 

0 

0,  36 

36 

0 

65 1  36 

3 

65 

281     0 

0 

36 

65 

36 

17 

Fort  Collins,  Colo... 

90 

65 

58 

100 

T. 

T. 

0 

41    65 

7 

T. 

41 

58 

58 

100 

52,     5 

17 

58 

58 

100 

100 

Akron,  Colo 

45 
T. 

31 
0 

45 
T. 

58 
T. 

41 
T. 

0 
0 

2 
0 

T.I  75 
0  T. 

8 
T. 

0 
T. 

75 
T. 

75 

1 

75 
T. 

100 

1 

20I     7 
T.  T. 

20 
T. 

67 
1 

75 
1 

75 

1 

50 

North  Platte,  Nebr. 

T. 

Southern     Great 

Plains: 

Colby,  Kans 

T. 

0 

T. 

T. 

0 

0 

0 

o:  10 

T. 

0 

T. 

T. 

1 

5 

T.  T. 

T. 

5 

10 

10 

2 

liays,  Kans 

10 

T. 

10 

11     0 

0 

0 

0,     4 

T. 

0 

1 

4 

T. 

15 

2IT. 

T. 

4 

8 

4 

1 

Chillicothe,  Tex 

0 

0 

0 

0 

1    0 

0 

.     0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table  7. — Coefficients  of  stem-rust  infection  on  22  varieties  of  oats  grown  in  uniform 
nurseries  at  48  experiment  stations  in  the  United  States  in  1927 — Continued 

[T.=Trace] 


Coefficients  of  infection 

Avena  sativa 

A.  sa- 
tiva 

orien- 
talis 

A.  byzantlna 

Mid- 

Early 

MIdseason 

Late 

Early 

sea- 
son 

Location 

White 

YeUow 

White 

Yel- 
low 

Blnrlr 

White 

Red 

R«d 

=. 

3 

5 

1 

1 

1 

CO 

a 

S 

a 

g 

1 

1 

6 

! 

1 

1 
1 

2 

1 

1 

T3 

1 

< 

x| 

1 

a 

M 

1 

a 

1 

5 

1 
pq 

•a 
•3 

1 

i 

Southern  States: 

Denton,  Tex 

C 

c 

1 

0 

T. 

c 

C 

0 

] 

0 

0 

0 

0 

0 

T. 

c 

0 

0 

0 

2 

0 

T. 

College  Station,  Tex. 
Baton  Rouge,  La.... 

16 

4 

4 

4 

T. 

1 

0 

T. 

8 

T. 

T. 

8 

10 

8 

4 

T. 

T. 

20 

4 

4 

16 

(] 

(J 

0 

0 

Oi    0 

0 

t 

0 

0 

0 

C 

0 

0 

C 

C 

0 

C 

0 

0 

0 

0 

Starkville,  Miss 

A 

8 

4 

2 

Oj    0 
0     0 

0 

C 

2 

0 

0 

S 

4 

12 

4 

c 

0 

0 

15 

5 

26 

4 

Jackson,  Tenn 

G 

C 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Manhattan,  Kans... 

2 

4 

T. 

5 

2'T. 

£ 

T. 

4 

T. 

T. 

4 

4 

4 

4 

c 

1 

T. 

5 

10 

10 

4 

Columbia,  Mo 

24 

20 

20 

12 

16;  T. 

T. 

24 

60 

2 

T. 

40 

32 

60 

32 

2 

1 

1 

32 

32 

24 

18 

Vincennes,  Ind 

9 

15 

9 

6 

o'    0 

C 

0 

12 

T. 

T. 

5 

4 

20 

7 

2 

1 

1 

4 

2 

7 

4 

Lexington,  Ky 

T. 

T. 

4 

T. 

0 

0 

0 

0 

7 

Oi    T. 

12 

4 

2 

3 

] 

0 

T. 

T. 

1 

1 

15 

Auburn,  Ala 

C 

0 

0 

0 

0 

fl 

0 

0 

0 

0;      0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

Tifton,  Qa 

0 
0 

0 
0 

0 
0 

s 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Ol      0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

Experiment,  Oa 

0 

0 

0 

Knoxville,  Tenn 

0 

0 

c 

0 

0 

(1 

0 

0 

0 

0 

0 

0 

(] 

0 

0 

c 

fl 

0 

0 

0 

0 

0 

Blackburg,  Va 

2 

3 

12 

2 

0 

0 

0 

0 

2 

0 

0 

12 

12 

12 

12 

5 

1 

1 

12 

12 

12 

12 

North-Central    and 

Northeastern 

States: 

Lincoln,  Nebr 

3 

16 

1 

8 

T. 

T. 

T. 

T. 

16 

T. 

12 

8 

10 

20 

20 

A 

0 

T. 

20 

20 

20!      20 

Ames,  Iowa 

20 
20 

T. 
24 

20 
52 

32 
20 

15 
T. 

T. 
T. 

T. 
T. 

0 
T. 

54 
25 

10 
T. 

2 
T. 

60 
52 

54 
40 

45 
60 

50 
50 

35 
32 

4 
T. 

3 

^ 

23;  24       90 

Brookings,  S.  Dak.. 

T.l  20 

35  25       68 

Fargo,  N.  Dak 

4 

12 

12 

12 

0 

0 

(] 

0 

40 

5 

1 

42 

44 

60 

34 

44 

1 

2t    8 

4     4       32 

Crookston,  Minn 

56 
58 

'65 

5 
23 

t" 

2 

1 

12 
2 

6 

70 

95 

8,') 

64 
41 

100 
32 

15 
40 

12 

1 

5 
2 

1  .. 

Duluth,  Minn 

40 

2 

T. 

41 

1   80 

32 

27  36       76 

Morris,  Minn 

65 

8 

70 

21 

a 

T. 

T.I     2 

30 

24 

20!  85|  75 

80 

75 

52 

24 

28'  15 

85  90;      86 

Waseca,  Minn 

3C 

T. 

15 

8 

25 

T. 

T. 

0 

80 

T. 

T.!  50   70 

6,5 

75 

T. 

0 

0^  58 

60  60       35 

Coon  Creek,  Minn.. 

30 

4 

20 

25 

C 

0 

0 

0 

60 

15 

6|  60   45 

45 

90 

19 

13 

3!     5 

45  30 

80 

St.  Paul,  Minn 

30      9 

35 

30 

C 

0 

C 

01  45 

1 

1    60   85 

651  45 

18 

2 

2   35 

45   30 

75 

Madison,  Wis 

95 

30 

85 

75 

1 

1 

T. 

T.|  98 

3 

2100   98 

100   90 

15 

2 

98  95 

65 

Chatham,  Mich 

40 

4 

IC 

15 

T. 

40 

T. 

T.l    8 

4 

4   751  75 

50   75 

32 

20 

6'  50 

25   25 

75 

East  Lansing,  Mich. 

65 

15 

50 

70 

T. 

T. 

1 

T.!  95 

6 

5   85   90 

85   90 

701    3 

3'  32 

75   75 

98 

La  Fayette,  Ind 

40 

3 

45 

18 

5|     1 

T. 

31  18 

1 

T.    20l  15 

25i  25 

3;    2 

T.i  23 

23    18 

15 

Columbus,  Ohio 

0 

4 

K 

T.     1 

0 

T.l  251     1 

T.|  lOJ  lOJ  10    10 

3!    0 

1    10 

20   20 

4 

Ithaca,  N.  Y 

T. 

T. 

T. 

T. 

o|   0 

0|    Oi    4 

0 

0|     6     2i     2|     2 

T.l    0 

0  T. 

3     2 

15 

Average    infec- 

I 

j 

1 

tion    c  0  e  ffl- 

1 

1 

cient 

18 

9 

17 

H 

fl 

2 

T. 

2 

25 

3 

ll  27 

27 

28 

32 

12     ^ 

2'  18 

24'  22 

28 

RESULTS  BY  AREAS 


In  such  a  vast  territory  as  the  one  under  discussion,  pronounced 
variation  in  the  severity  of  the  rust  epidemic  during  a  given  season 
would  be  expected  in  the  different  areas  comprising  this  territory. 
In  1925,  for  example,  there  was  only  a  bare  trace  of  stem  rust  in  the 
nurseries  of  the  Great  Plains  area,  while  the  severity  of  rust  in  the 
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nurseries  of  the  North-Central  and  Northeastern  States  averaged  as 
high  as  18  per  cent.  Of  course,  there  also  is  a  seasonal  difference  in 
the  intensity  of  a  rust  epidemic  in  the  same  geographic  area  in 
different  years.  Thus,  in  the  northern  Great  Plains  in  1925,  stem 
rust  averaged  less  than  1  per  cent,  while  in  1927  there  was  an  average 
of  20  per  cent  in  the  same  area.  In  eastern  Canada,  in  1925,  the 
average  was  only  3  per  cent,  while  in  1926  it  amounted  to  22  per  cent, 
even  though  several  highly  resistant  varieties  were  added  to  the 
nurseries  in  the  latter  year,  which  naturally  lowered  the  average. 

Obviously,  then,  the  average  yearly  infection,  even  for  the  most 
susceptible  variety,  must  necessarily  be  rather  low  where  the  entire 
area  is  taken  into  consideration.  The  average  infection  coefficient 
for  the  variety  Markton  for  the  whole  5-year  period  did  not  exceed 
32  per  cent;  whereas  the  same  variety  in  the  northern  Great  Plains 
averaged  38  per  cent,  and  in  the  North-Central  and  Northeastern 
States  the  average  was  as  high  as  55  per  cent.  Naturally,  where  and 
when  the  rust  epidemics  are  the  most  severe,  the  differences  between 
the  resistant  and  susceptible  varieties  are  most  pronounced  and  the 
results  most  significant. 

Table  8  summarizes  the  reaction  to  stem  rust  of  the  different  varie- 
ties grown  in  the  60  or  more  nurseries,  by  individual  years  and  by 
geographic  areas.  In  none  of  these  areas  was  the  severity  of  the  rust 
epidemics  the  same  or  nearly  the  same  each  year.  In  some  regions, 
the  yearly  variation  was  greater  than  in  others  and  the  average  severity 
higher  for  the  period  under  review.  These  two  features,  however, 
were  in  no  sense  corollary.  The  greatest  range  of  seasonal  variation 
occurred  in  the  northern  Great  Plains  area,  the  annual  intensity  limits 
being  trace  and  20  per  cent,  respectively.  The  western  area,  perhaps, 
is  the  least  variable  area  in  so  far  as  oat  stem-rust  epidemics  are  con- 
cerned, although  uniform  oat-rust  nurseries  there  have  been  maintained 
for  only  two  years.  Two  years  in  some  areas,  however,  as  for  instance 
eastern  Canada,  may  be  quite  sufficient  to  bring  out  the  extent  of 
seasonal  variations.  It  is  significant  that  even  under  the  most  trying 
rust  conditions,  the  varieties  that  had  the  lowest  average  annual  in- 
fection coefficients  in  the  experimental  territory  as  a  whole  also  were 
the  most  resistant  varieties  in  the  separate  areas.  Those  regions  in 
which  the  presence  of  particularly  virulent  ph3^siologic  forms  was  at 
times  suspected  constituted  exceptions.  On  the  average,  the  oats  of 
the  western  area,  the  southern  Great  Plains,  and  the  Southern  States 
do  not  seem  to  suffer  frequently  or  very  greatly  from  stem-rust 
epidemics.  In  the  North-Central  and  Northeastern  States,  however, 
these  epidemics  are  more  regular  and  of  considerably  greater  intensity- 
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FIVE-YEAR  SUMMARY 

Almost  exactly  a  third  of  all  the  varieties,  selections,  and  crosses 
tested  in  the  nurseries  from  1923  to  1927  proved  highly  resistant  to 
stem  rust  under  most  conditions.  Their  average  infection  coeffi- 
cients ranged  from  less  than  one-half  of  1  per  cent  to  a  trifle  higher 
than  3  per  cent.  In  the  descending  order  of  their  rust  resistance 
these  varieties  are  logold,  Hajira,  Richland,  MinotaX  White  Tartar 
(White  Russian),  White  Tartar,  Green  Mountain,  Anthony,  and 
Edkin.  Markton  was  the  most  susceptible  variety  of  all,  but  it 
was  grown  only  two  years,  and  these  w^ere  the  heaviest  stem-rust 
years  of  the  5-year  period.  Markton,  however,  did  have  the  highest 
average  infection  coefficient  and  was  consistently  more  heavily  in- 
fected than  any  other  variety.  Moreover,  when  compared  with  Sil- 
vermino,  a  standard  susceptible  variety,  its  susceptibihty  ratio  was 
the  highest  of  all.     (Tables  9  and  10,  and  fig.  3.) 

In  Table  9  is  presented  the  frequency  distribution,  by  classes,  of  the 
stem-rust  infection  coefficients.  Five  classes  are  recognized:  (1) 
Very  light,  0  to  trace;  (2)  light,  1  to  10  per  cent;  (3)  moderate,  11  to 
30  per  cent;  (4)  heavy,  31  to  60  per  cent;  and  (5)  very  heavy,  61  to 
100  per  cent.  Very  light  infection  does  not  necessarily  indicate 
inherent  resistance  on  the  part  of  a  given  variety.  It  often  means 
simply  a  paucity  of  inoculum  or  an  escape  from  infection  due  to 
environmental  conditions  rather  than  genetic  factors  for  resistance. 
When  the  infection  is  heavy,  the  coefficient  exceeding  31  per  cent, 
there  is  likely  to  be  some  loss.  When  the  infection  is  very  heavy, 
over  61  per  cent,  the  loss  probably  is  considerable. 


Table  9. — Frequency  distribution  of  stem-rust  infection  coefficients  for  23  varieties 
of  oats  grown  in  uniform  nurseries  in  the  United  States  and  eastern  Canada  during 
the  five  years  from  1923  to  1927 


Number  and  percentage  of  observations  for  degree  of  rust 
infection 

Nurs- 
ery 
years 

Aver- 

Group  and  variety 

Very  light 
(0  to  trace) 

Light 
(1-10) 

Moderate 
(11-30) 

Heavy 
(31-60) 

Very  heavy 
(61-100) 

infec 
tion 
coeffi- 
cient 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Avena  tatita 

Early  white: 

Qoplier-. 

25 
35 
65 
66 

37 
128 

08 
154 

51 

83 

95 
55 
58 

55 
18 

68 

30.12 
43.75 
38.01 
38.15 

78.72 
84.77 
86.08 
89.54 

29.65 

64.84 

74.22 
31.61 
33.33 

31.79 
21.95 

.^9.  7A 

24 

28.92 

16 
13 
27 
31 

3 

19.28 
16.25 
15.79 
17.92 

6.38 

8 
5 
14 
8 

2 
2 

9.64 
6.25 
8.19 
4.62 

4.26 
1.32 

10 

1 
7 
6 

12.04 
1.25 
4.09 
3.47 

83 

18.4 

Iowa  No.  444 

26,  32.50 
581  33.92 
62   35.84 

5   10.64 
21    13.91 
11    13.92 
14     8. 14 

37  21.51 

38  29.69 
! 

28   21.88 
44   25.29 

39  22.41 

32    18.50 
17   20.73 

50   29.24 

7   36.84 

80'      8.2 

lowar 

171,     11.6 

"  Rustless  selection  "... 
Early  yellow: 

173i     10. 2 
47       3. 2 

Hajira 

151i        .9 

logold  -                   .  . 



79         .4 

Richland 

2 
36 

5 

5 
29 
33 

38 
12 

35 

5 

1.16 

20.93 

3.91 

3.90 
16.67 
18.97 

21.97 
14.64 

20.47 

26.32 

1 

30 
2 

.58 
17.44 
1.M 

' 

ia47 

172:      1.2 

Early  gray: 
Ruakura 

1 
172j    21. 1 

Midseason  white: 

Anthony 

128      2.1 

Minota  X  White  Tar- 
tar (White  Russian).. 



1 
128^       1.4 

Silvermine . 

24 
25 

29 
15 

14 

3 

13.79 
14-37 

16.76 
18.29 

8.19 

15.79 

22 
19 

19 
20 

4 

12.64 
ia92 

10.98 
24.39 

2.34 

174     21. 5 

Swedish  Select 

174     19.8 

Midseason  yellow: 

logren  

t 
173     21. 1 

Markton 

82     31.8 

Midseason  black: 

Joanette . 

1 
171     10. 2 

Monarch  Selection  (of 
Etheridge) 

41  21.05 

1 
19:     13.5 
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Table  9. — Frequency  distribution  of  stem-rust  infection  coefficients  for  23  varieties 
of  oats  grown  in  uniform  nurseries  in  the  United  States  and  eastern  Canada  during 
the  five  years  from  1923  to  1927 — Continued 


Number  and  percentage  of  observations  for  degree  of  rust 
infection 

Nurs- 
ery 
years 

Aver- 

Group and  variety 

Very  light 
(0  to  trace) 

Light 
(1-10) 

Moderate 
(11-30) 

Heavy 

(31-60) 

Very  heavy 
(61-100) 

age 
infec- 
tion 
coeffi- 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num-;  Per 
ber  1  cent 

1 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

cient 

A.  saliva  orientalis 

Late  white: 

Green  Mountain 

91 
118 

57 
52 
18 

58 

67.91 
67.82 

37.50 
30.23 
21.95 

33.53 

35 
49 

31 
44 
19 

35 

26.12 
28.16 

20.39 
25.58 
23.17 

20.23 

7     5. 22 
6;     3.45 

I 

33i  21.71 
371  21.51 
22;  26.83 

33'  19.08 

1 
1 

24 
26 
10 

19 

.75 

.57 

15.79 
15.12 
12.20 

10.98 

134 
174 

152 
172 
82 

173 

1.9 

White  Tartar 

1.7 

A.  byzantina 

Early  red: 

Burt 

Fulghum 

Kanota 

Midseason  red: 

Red  Rustproof 

7 
13 
13 

28 

4.61 
7.56 
15.85 

16.18 

14.9 
17.8 
25.6 

21.8 

Total    number    and 
average  percentage  . 

1,459 

47.62 

726 

23.69 

428,  13.97 

263 

8.58 

188 

6.14 

3,064 

12.3 

From  Table  9  it  will  be  seen  that  there  seldom  was  more  than  light 
infection  on  any  of  the  eight  resistant  varieties.  logold  never  showed 
more  than  a  light  infection,  while  the  remaining  seven  varieties, 
except  Edkin,  developed  an  infection  heavier  than  light  in  approxi- 
mately 1  to  6  per  cent  of  the  observations.  On  Edkin  6.38  per  cent 
of  the  observations  were  recorded  as  moderate  and  4.26  per  cent  as 
heavy.  Not  a  single  case  of  very  heavy  infection  has  thus  far  been 
noted  on  this  strain  of  oats.  Even  the  most  susceptible  varieties 
sometimes  escape  infection.  As  a  matter  of  fact,  20  per  cent  of  the 
observations  showed  a  trace,  or  less,  of  stem  rust  on  at  least  some  of 
the  varieties.  But  on  the  seven  most  susceptible  varieties — Kanota, 
Silvermine,  logren,  Ruakura,  Red  Rustproof,  Markton,  and  Swedish 
Select — there  was  heavy  to  very  heavy  infection  in  about  25  to  some- 
what less  than  43  per  cent  of  the  observations.  Of  these  varieties, 
Markton  had  the  highest  percentage  (42.68)  and  Swedish  Select  the 
lowest  (25.29).  Markton,  furthermore,  had  the  highest  percentage  of 
very  heavy  infections,  namely,  24.39.  Next  in  order  was  Red  Rust- 
proof, with  16.18  per  cent.  Kanota,  with  15.85  per  cent,  followed 
very  closely. 

Table  10  summarizes  the  stem-rust  data  by  years  and  gives 
weighted  averages  for  all  varieties  during  the  entire  5-year  period. 
A  comparison  of  these  with  that  of  Silvermine  for  the  same  period 
of  nursery  years  also  is  given.  The  last  two  features  are  illustrated 
graphically  in  Figure  3,  the  varieties  being  arranged  in  the  order  of 
their  relative  susceptibility,  with  Silvermine  as  the  standard  of 
comparison. 
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Table  10. — Average  coefficient  of  atem-ruat  injection  on  varieties  of  oats  grown  in 
uniform  nurseries  at  65  experiment  stations  in  the  United  States  and  eastern 
Canada  during  one  or  more  of  the  five  years  from  192S  to  1927 


iThe  comparison  of  the  infection  coefficient  with  that  of  Silvermine  oats  for  the  corresponding  period  is 

expressed  as  a  percentage  ratio) 

C.I. 
No. 

Nurs- 
ery 
years 

CoelBclenta  of  Infection 

Group  and  variety 

Annual  average 

5-year  average 

1923 

1924 

1925 

1926 

1927 

Weighted 
average 
for  vari- 
ety 

Silver- 
mine  for 
same 
period 

Percent- 
age of 
Silver- 
mine 

Avena  sativa 

Early  white: 

Gopher 

2027 

2331 

847 

724 

2330 

1001 

2329 

787 

2025 

2143 

2144 

659 

.    134 

2024 
2053 

1880-1 

1879 

1892 
551 

2043 
708 
839 

1815 

83 
80 
171 
173 

47 
151 

79 
172 

172 

128 
128 
174 
174 

173 
82 

171 

19.3 
7.2 
16.1 
15.8 

17.8 
8.9 
17.3 
14.3 

3.2 
1.9 

24.5 

3.0 

1.4 
27.3 
27.2 

27.6 
31.9 

11.7 

18.4 
8.2 
11.6 
10.2 

3.2 
.9 
.4 

1.2 

21.1 

2.1 

1.4 

21.5 

19.8 

21.1 
31.8 

10.2 

13.5 

1.9 

1.7 

14.9 
17.8 
25.6 

21.8 

28.5 
29.2 
21.1 
21.3 

26.4 

64.66 

Iowa  No.  444.       

28.08 

lowar 

9.0 
5.9 

8.2 
5.5 

4.7 
5.3 

54.98 

'  •  Rustless  selection  " 

Early  yeUow: 

Edkin 

47.89 
12.  12 

Hajira 

.7 

.2 

.7 

.6 

2.4 

31.1 

2.2 

2.0 
31.2 
26.1 

30.7 
31.6 

14.2 

22.8             3.95 

logold  . 

28.7             1.39 

Richland 

.1 
16.0 

.9 
17.1 



.4 

13.1 

.9 
1.2 

21.0  '          .^-71 

Early  gray: 
Ruakura. 

21.0 

23.7 
23.7 
21.5 
21.5 

21.3 
28.5 

21.6 

19.4 

23.3 
21.5 

22.5 
20.9 
28.0 

21.2 

100  48 

Midseason  white; 

Anthony 

8.86 

Minota  X  White  Tartar... 

5.91 

Silvermine 

ii.4 

13.0 
12.2 

19.4 

12.4 

100 

Swedish  Select.  . 

13. 7     12.  2 
17. 2     12. 0 

92.09 

Midseason  yellow: 

logren 

99.06 

Mark  ton 

111.58 

Midseason  black: 

l.r2 

5. 7       fi-  8 

47.22 

Monarch     Selection     (of 
Etheridge) 

19    - 

13.5 

69.59 

A.  satica  orientalis 

Late  white: 

nrwn  Mountain    . 

134 
174 

152 
172 
82 

173 

.6 

.7 

2. 5 
3.5 

18.9 
23.9 
28.8 

28.5 

2.7 
2.3 

18.1 
23.7 
22.2 

28.1 

8.16 

White  Tartar 

.3 

ii'i" 

.5 

7.91 

A.  byzantina 

Early  red: 

Burt 

i 

9. 8    la  1 

12.9  1  11.3 

66.22 

Fulghum 

85.17 

Kanota 

91  43 

Midseason  red: 

Red  Rustproof 

15.0 

19.4     13.8 

102.83 

.\verage  severity  of  epi- 
demic  

9.8 

10.4  1     6-6 

16.1 

14.4 

12.3 

21.6 

57.23 

PUCCINIA  CORONATA  AVENAE 

Systematic  observations  on  crown-rust  infection  in  the  uniform  oat 
nurseries  were  first  made  in  1925.  Notes  on  crown  rust  and  stem  rust 
can  not  be  taken  to  best  advantage  at  the  same  time.  Most  of  the 
nurseries  w^ere  visited  by  the  rust  observers  only  once  during  a  season 
at  a  time  most  favorable  for  taking  notes  on  stem  rust.  As  a  result, 
the  number  of  nurseries  from  which  crown-rust  data  are  available 
is  smaller  than  that  from  which  stem-rust  data  were  obtained.  For 
reasons  given  previously,  infection  coefficients  were  not  calculated 
for  crown  rust.     Infection  readings  are  given  in  percentages.     The 
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results  obtained  each  year  are  i)resented  in  Tables  11  to  13.  Table 
14  is  a  summary  of  the  3-year  period.  Figure  4  compares  the  weighted 
3-year  average  infection  of  the  different  varieties  with  that  of  White 
Tartar. 

CROWN-RUST  SITUATION  BY  YEARS 

In  1925  there  was  little  crown  rust  in  the  territory  as  a  whole. 
None  whatever  could  be  found  in  the  nurseries  in  the  Great  Plains 
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Figure  4.— Diagram  illustrating  the  weighted  average  percentages  of  infection  (solid  black)  and 
the  relative  degree  of  susceptibility  (hatching)  of  varieties  of  oats  grown  in  uniform  crown- 
rust  nurseries  during  one  or  more  of  the  three  years  1925, 1926,  and  1927.  (Numbers  preced- 
ing names  of  varieties  indicate  order  of  relative  degree  of  susceptibility) 


area,  very  little  in  those  in  the  Southern  States,  and  only  a  moderate 
epidemic  in  the  nursery  at  Morris,  Minn.  At  Fargo,  N.  Dak.,  and 
Ottawa,  Ontario,  the  epidemic  was  somewhat  heavier  but  not  de- 
structive. In  the  nursery  at  Madison,  Wis.,  however,  crown-rust 
infection  was  very  heavy,  affecting  all  the  varieties  except  Ruakura 
and  Red  Rustproof.     Data  for  1925  are  given  in  Table  11. 
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Table  11. — Percentage  of  crown  rust  on  16  varieties  of  oats  grown  in  uniform 
nurseries  at  SI  experiment  stations  in  the  United  States  and  eastern  Canada  in 
1925 

IT.=- Trace] 


Location 


Northern  Oreat  Plains: 

Archer,  VVyo 

Fort  Collins,  Colo.... 

North  Platte.  Nebr.. 
Southern  Great  Plains: 

Colby,  Kans 

Hays,  Kans 

Woodward,  Okla 

Balmorhea,  Tex 

Southern  States: 

Denton,  Tex 

•Temple,  Tex 

Starkville,  Miss 

Columbus,  Kans 

Manhattan,  Kans 

Columbia,  Mo 

Vincennes,  Ind 

Murfreesboro,  Tenn 

Lexington,  Ky 

Experiment,  Qa 

Athens,  Qa.- 

Knoxville,  Tenn 

North-Central  States: 

Lincoln,  Nebr 

Brookings,  S.  Dak 

Fargo,  N.  Dak 

Morris,  Minn 

Madison,  Wis 

Oumee,  Dl. 

Chatham,  Mich 

La  Fayette,  Ind 

Eastern  Canada: 

Guelph,  Ontario 

Ottawa,  Ontario 

Kentville,  Nova  Scotia. 

C  harlot tetown.  Prince 
Edward  Island , 

Average  infection.. 


Estimated  percentage  of  infection 


Avena  sativa 


Early 


White    Yellow   Gray 


0 
0 
0 
0 

0 
0 

T. 
0 
0 
0 
0 
0 
0 

T. 


0 
0 
0 
0 

0 
0 

T 
0 
0 
0 
0 
0 

T 

T. 


0    T 


0 
0 
0 
0 

0 
0 
30 
T. 
0 
0 
0 
0 
0 

t". 

T. 

0 
0 
12 
13 
T. 
0 


Midseason 


White         YeUow  BUck 


2    6 


IS* 
2C 


0 
0 
0 
0 

0 
0 

T 
0 
0 
0 
0 
0 
3 
0 

T. 
0 


0 
0 
30 

25 
100 


T 
0 
0 
0 
0 
0 
( 
T 
T. 
0 

T. 
0 
28 
18 
100 
5 
0 
0 

T. 
25 

7 

T. 


0 
0 
0 
0 

0 

0 

T 

0 

0 

0 

0 

0 

0 

T 

T. 

0 

0 
0 
5 
15 
951 
1 
0 
0 

7 
45 
T. 


0 
0 
0 
0 

0 
0 

10 
0 
0 

T. 
0 
0 
6 

T. 

T 

T 

0 

0 

42 

30 

100 

6 

0 

0 

T 
35 
T 


i 


A.  sa> 
tiya  ori- 
entails 


Late 


White 


0 
0 
0 
0 

0 
0 

25 
0 
0 
0 
0 
0 

T 

T. 

T. 

T. 


A.  byzantina 


Early 


Mid- 
sea- 
son 


Red 


0 
0 
0 
0 

0 
0 

T. 

T. 
0 
0 
0 
0 

T 
0 


0 
10 
8 

701  85 
2,  1 
0  0 
0       0 


T. 


Red 


0 
0 
0 

0 
0 
0 
0 

0 
0 

T. 
0 
0 
0 
0 
0 
0 

T. 

T. 
0 

0 
0 
3 
10 
T. 
0 
0 
0 

T. 
0 
0 


T. 


There  was  considerably  more  crow^n  rust  in  the  nurseries  in  1926 
than  in  1925,  averaging  more  than  24  per  cent  in  1926  as  compared 
with  less  than  5  per  cent  the  previous  year.  In  1926  crown  rust  was 
extremely  heavy  at  Baton  Rouge,  La.,  and  at  College  Station,  Tex. 
At  Baton  Rouge  100  per  cent  infection  was  recorded  for  every  one  of 
the  21  varieties  grown  there  that  year.  At  College  Station  the  esti- 
mated percentage  ranged  from  75  to  100  on  the  17  varieties  on  w^hich 
the  crown-rust  observations  were  made.  The  epidemic  was  not  quite 
so  severe  at  Denton  and  Temple,  Tex.,  and  only  a  trace  of  crown  rust 
was  found  at  Chillicothe,  Tex.     The  epidemic  was  uniform  and  fairly 
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heavy  at  Starkville,  Miss.  At  Tifton,  Ga.,  it  was  rather  uniform,, 
but  only  moderate  in  intensity.  No  crown  rust  was  found  at  Jack- 
son, Tenn.,  with  the  exception  of  12  per  cent  on  Iowa  No.  444.  The 
nurseries  at  Lexington,  Ky.,  and  Blacksburg,  Va.,  were  entirely 
free  from  crown  rust.  There  was  rather  heavy  infection  on  a  number 
of  the  varieties  at  Ottawa,  but  considerably  less  at  Guelph,  Ontario.. 
At  St.  Anne  de  la  Pocatidre,  Quebec,  and  at  Fredericton,  New 
Brunswick,  not  more  than  a  trace  of  crown  rust  appeared  on  any  of 
the  varieties.  However,  at  Charlottetown,  Prince  Edward  Island,, 
12  per  cent  of  crown  rust  was  recorded  on  Iowa  No.  444.  At  this 
station  two  varieties,  Hajira  and  Red  Rustproof,  were  entirely  free^ 
from  crown  rust,  while  all  varieties  other  than  Iowa  No.  444  had  only 
a  trace.  From  20  to  40  per  cent  of  crown  rust  appeared  on  three  of 
the  varieties  in  the  Kentville,  Nova  Scotia,  nursery.  Data  are 
presented  in  Table  12. 


Table  12. — Percentage  of  crown  rust  on  21  varieties  of  oats  grown  in  uniform'. 
nurseries  at  16  experiment  stations  in  the  United  States  and  eastern  Canada  in 
1926 
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Table   13. — Percentage  of  crown  rust  on  22  varieties  of  oats  grown  in  uniform 
nurseries  at  14  experiment  stations  in  the  United  States  in  1927 
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Crown  rust  was  far  heavier  in  1927  than  in  any  of  the  other  years 
under  review,  as  is  shown  by  the  data  presented  in  Table  13.  The 
average  infection  for  the  year  was  over  37  per  cent.  The  only  places 
with  only  a  trace  or  none  were  Archer,  Wyo.,  and  Colby,  Kans.  The 
infection  at  Auburn,  Ala.,  and  Columbus,  Ohio,  was  rather  light,  but 
at  the  other  11  experiment  stations  where  estimates  could  be  made, 
some  or  all  of  the  varieties  were  severely  injured.  The  damaging 
effect  of  crown  rust  could  be  observed  in  many  more  places  than  those 
indicated  in  Table  13,  but  because  of  the  lateness  of  the  season  no 
percentage  estimates  could  be  made.  At  Manhattan,  Kans.,  all  of 
the  varieties  were  heavily  infected,  as  w^as  true  of  the  varieties  on 
which  crown-rust  estimates  could  be  made  at  Fargo,  N.  Dak.,  Crooks- 
ton,  Minn.,  and  Chatham,  Mich.  At  Starkville,  Miss.,  Burt  was 
the  most  resistant  of  the  varieties;  at  Redfield,  S.  Dak.,  Green  Moun- 
tain was  most  resistant.  At  Highmore,  S.  Dak.,  Green  Mountain 
and  White  Tartar  were  most  resistant.     At  Waseca,  Minn.,  Edkin 
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was  much  more  resistant  than  Green  Mountain.  At  the  remaining 
stations  there  were  no  striking  differences  in  the  susceptibihty  of  the 
different  varieties.  On  the  average,  Edkin  and  Burt  appeared  to  be 
the  most  resistant  varieties  in  1927,  while  Fulghum  and  Ruakura 
had  the  highest  average  infection.  In  1926  Ruakura  and  Fulghum 
were  among  the  three  most  resistant  varieties,  and  Burt  was  on  the 
average  much  more  susceptible.  It  seems  probable,  therefore,  that 
different  physiologic  forms  of  Puccinia  coronata  avenae  were  primarily 
responsible  for  the  rust  in  the  two  years. 

THREE-YEAR  SUMMARY 

Evidently  there  was  a  difference  in  the  distribution  of  the  physio- 
logic forms  of  crown  rust  in  the  different  nurseries  during  each  of  the 
three  years  1925,  1926,  and  1927.  It  is  obviously  difficult,  however, 
to  determine  from  the  field  results  alone  the  exact  identity  of  the 
form  or  forms  present  at  a  given  place.  In  1925  there  was  a  very 
severe  epidemic  of  crown  rust  at  Madison,  Wis.  (Table  11.)  All  of 
the  varieties  except  Ruakura  and  Red  Rustproof  developed  from  65 
to  100  per  cent  of  rust.  On  these  two  only  a  trace  of  rust  was  found. 
Judging  from  Parson's  (16)  analytical  key,  either  form  3  or  form  5,  or 
possibly  both,  were  present.  At  Ottawa,  Ontario,  from  15  to  50  per 
cent  of  crown  rust  was  recorded  in  1925  on  all  but  four  varieties. 
Among  these,  Ruakura  and  Red  Rustproof  were  entirely  free  from 
rust,  while  Fulghum  and  Green  Mountain  had  only  a  trace.  It 
seems  likely  that  the  crown-rust  epidemic  at  Ottawa  in  1925  was 
caused  by  a  physiologic  form  hitherto  undescribed,  for  until  then 
Fulghum  had  proved  susceptible  to  all  known  forms  of  crown  rust. 
The  identity  of  this  form  could  be  established  definitely,  however, 
only  by  additional  studies  not  included  within  the  scope  of  these 
investigations.  In  1926,  varietal  reactions  indicated  that  Puccinia 
coronata  avenae  form  1  was  the  most  prevalent  form,  whereas  in  1927 
other  forms,  among  them  form  2,  were  present  in  several  nurseries. 
Other  forms  undoubtedly  were  present,  but  their  identity  could  not 
be  determined  from  field  observations  alone. 

Form  1,  which  has  a  wide  host  range,  evidently  was  equally  wide- 
spread and  abundant.  As  may  be  seen  from  Table  14  and  Figure  4, 
the  average  infection  for  all  of  the  varieties  for  the  3-year  period  1925 
to  1927  was  18.8  per  cent,  the  lowest  for  any  one  variety  (lowar) 
being  13.5  per  cent,  and  the  highest  (logold)  33.7  per  cent.  The 
spread  between  the  varieties  least  affected  and  those  most  affected 
was  slightly  over  20  per  cent.  In  other  words,  the  crown-rust  effect 
on  logold  on  the  average  was  almost  exactly  two  and  one-half  times 
as  great  as  that  on  lowar.  However,  when  all  the  varieties  are 
grouped  on  the  basis  of  relative  resistance  at  all  stations  with  White 
Tartar  as  the  standard  variety.  Green  Mountain  was  least  susceptible 
and  Markton  was  most  so.  Designating  White  Tartar,  a  relatively 
susceptible  variety,  as  100  per  cent  susceptible,  the  susceptibility 
ratio  of  Green  Mountain  was  82.97  per  cent  and  that  of  Markton 
129.69  per  cent.  The  interval  between  the  two  extremes  is  seen  to 
be  comparatively  small.  This  was  not  true,  however,  for  stem  rust. 
Markton,  the  variety  most  heavily  infected  with  stem  rust,  had  an 
average  infection  coefficient  almost  eighty  times  as  great  as  that  of 
logold,  the  variety  with  the  lightest  infection,  the  susceptibility  ratios 
being  111  .58  per  cent  for  the  former  and  1 .39  for  the  latter.  Markton 
had  the  highest  susceptibility  ratio  for  both  rusts. 
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Table  14. — Average  degree  of  crown-rust  infection  on  varieties  of  oats  grown  in  uni- 
form nurseries  at  46  experiment  stations  in  the  United  States  and  eastern  Canada 
during  one  or  more  of  the  three  years  1925,  1926,  and  1927 

(The  comparison  of  the  infection  percentage  with  that  of  White  Tartar  oats  for  the  corresponding  i)eriod  is 

expressed  as  a  percentage  ratio] 


Group  and  variety 


C.I. 
No. 


Nurs- 
ery 
years 


Percentage  of  infection 


Annual  average 


1925 


1926 


1927 


3-year  average 


Weighted 


for 
variety 


White 
Tartar 
for  same 
period 


Percent- 
age of 
White 
Tartar 


Avena  saiioa 

Early  white: 

Qopher 

Iowa  No.  444 

lowar 

"Rustless  selection" 

Early  yellow: 

Edkin 

Hajira 

logold 

Richland 

Early  gray: 

Ruakura 

Midseason  white: 

Anthony 

Minota  X  White  Tartar. 

Silvermine-i 

Swedish  Select 

Midseason  yellow: 

logren 

Markton 

Midseason  black: 

Joanette 


A.  sativa  orientalis 


Late  white: 

Green  Mountain- 
White  Tartar 


A.  byzaniina 
Early  red: 

Burt 

Fulghum 

Kanota 

Midseason  red: 

Red  Rustproof- 


2027 
2331 
847 
724 

2330 
1001 
2329 

787 

2025 

2143 

2144 

659 

134 

2024 
2053 

1880-1 


1892 
551 


2043 
708 


1815 


58 


60 


3.9 
4.4 


4.7 

"i"3 

1.9 

6.3 
5.9 
8.2 
5.9 

6.3 
7.4 


4.6 
6.4 


4.2 
3.5 


26.3 
28.9 
19.8 
25.1 


23.7 
26.1 
2&7 

17.9 

24.6 
28.9 
27.7 
25.4 

25.4 
24.7 

23.5 


22.9 
25.8 


25.1 
18.9 
16.0 

24.1 


32.7 
36.9 
32.0 
30.0 

26.0 
35.4 
39.6 
31.8 

44.2 

41.8 
42.4 
42.9 
41.2 

33.2 
41.7 

40.0 


33.9 
40.9 


2&0 
44.5 
40.9 

35.6 


Average  severity  of  epidemic. 


4.9 


24.3 


37.2 


29.3 
33.4 
13.5 
15.4 

26.0 
16.3 
33.7 
16.5 

15.0 

20.2 
21.3 
20.8 

ia8 

16.6 
33.2 

1&7 


16.1 
19.4 


14.7 
15.1 
27.9 

14.3 


18.8 


26.3 
30.7 
15.9 
16.9 

26.1 
16.9 
3L4 
15.8 

15.8 

20.4 
20.4 
16.9 
18.1 

15.5 
25.6 

lai 


19.4 
19.4 


15.8 
R5 
23.0 

16.9 


111.41 
108.79 
84.91 
9L12 

99.62 
96.45 
107.32 
104.43 

94.94 

99.02 
104.42 
12a  08 
103.87 

107. 10 
129.69 

103.31 


82  99 
100 


93.04 
104.14 
121. 30 

84.61 


19.4 


96.91 


DESCRIPTION  OF  VARIETIES 

Brief  notes  on  the  origin,  description,  distribution,  and  economic 
importance  of  the  rust-resistant  and  commercially  important  oat 
varieties  included  in  the  various  uniform  nurseries  are  here  given. 
Some  of  the  varieties  have  been  described  more  fully  elsewhere,  in 
which  cases  references  are  given.  Furthermore,  most  of  them  have 
been  registered  either  as  standard  or  improved  varieties  and  strains 
by  the  American  Society  of  Agronomy  in  cooperation  w4th  the 
Bureau  of  Plant  Industry. 

lowar,  logren,  logold,  Iowa  No.  444,  Richland  (Iowa  No.  105)^ 
and  "Rustless  selection"  (C.  I.  Nos.  847,  2024,  2329,  2331,  787,  and 
724,  respectively)  were  developed  by  the  Iowa  Agricultural  Experi- 
ment Station,  in  cooperation  with  the  Office  of  Cereal  Crops  and  Dis' 
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eases,  Bureau  of  Plant  Industry.  The  origin,  description,  and  dis- 
tribution of  lowar,  logren,  and  Richland  have  been  reported  by 
Burnett,  Stanton,  and  Warburton  (4)  and  by  Stanton,  Griffee,  and 
Etheridge  (20).  Similar  information  on  logold  recently  has  been 
published  by  Burnett  (3)  and  by  Stanton,  Love,  and  Gaines  (22), 

''Rustless  selection"  and  Iowa  No.  444  have  not  been  previously 
described.  Nursery  records  show  that  the  original  ''rustless"  oat 
was  grown  by  the  Iowa  Agricultural  Experiment  Station  at  Ames  as 
early  as  1904.  According  to  L.  C.  Burnett,  of  that  station,  it  was 
among  the  varieties  and  strains  included  in  the  original  cooperative 
nursery  grown  at  Ames  in  1906.  "Rustless"  was  grown  in  nursery 
row  No.  23.  At  harvest  the  plants  were  pulled  and  kept  separate  for 
each  row.  Those  selected  from  row  23  were  given  Iowa  numbers 
427  to  447,  inclusive.  After  some  years  of  testing  all  these  selections 
were  discarded  except  No.  444,  which  has  been  continued  in  the 
experiment  at  Ames  under  the  designation  "Rustless  selection." 
It  is  a  white,  rather  small-kerneled  oat,  ripening  a  little  later  than 
lowar  but  earlier  than  Silvermine. 

The  second  strain  of  "rustless"  oats,  which  was  included  in  the 
uniform  nurseries  for  the  first  time  in  the  spring  of  1926  as  Iowa  No. 
444  (C.  I.  No.  2331),  also  was  obtained  from  the  Iowa  Agricultural 
Experiment  Station,  where  it  was  originated  several  years  ago  as  a 
reselection  of  the  original  "Rustless  selection,"  described  above. 
This  strain  is  similar  to  "Rustless  selection"  in  plant  and  kernel 
characters.  Neither  of  these  strains  as  yet  has  been  distributed  to 
farmers. 

Edkin  (C.  I.  No.  2330)  is  a  selection  from  the  original  Kherson 
variety  (C.  I.  No.  459),  made  at  Akron,  Colo.,  in  1921  by  F.  A.  Coff- 
man.  Edkin  is  a  high-yielding,  typical  yellow-kerneled  Kherson 
strain.  Its  high  resistance  to  stem  rust  was  first  noted  at  Ames, 
Iowa,  during  the  severe  epidemic  of  1926.  Edkin  is  of  considerable 
promise  agronomic  ally. 

Gopher  (C.  I.  No.  2027;  Minn.  No.  674),  a  white-kerneled  selection 
from  Sixty-Day,  was  developed  and  distributed  by  the  Minnesota 
Agricultural  Experiment  Station.  Brief  statements  on  the  history 
and  general  description  of  Gopher  have  been  published  by  Stanton, 
Griff  ee,  and  Etheridge  (20),  and  by  the  Minnesota  Agricultural  Experi- 
ment Station  {14-)'  It  is  now  an  important  commercial  variety  in 
Minnesota. 

Hajira  (C.  I.  No.  1001)  was  introduced  through  the  Office  of  Foreign 
Plant  Introduction,  Bureau  of  Plant  Industry.  The  record  is  as 
follows  (24): 

48089.  From  Johannesburg,  Transvaal.  Purchased  from  the  Agricultural 
Supply  Association,  through  Mr.  J.  Burtt  Davy,  botanist.  Received  September 
24,1919.  Quoted  note  by  Mr.  Davy.  '' Heijira  rustproof  oats.  A  rather  recent 
introduction  which  has  been  grown  with  some  success  in  the  dry  districts  of 
the  Western  Transvaal  and  is  claimed  to  be  rust  resistant." 

In  a  letter  dated  July  2,  1928,  H.  S.  du  Toit,  Chief  of  the  Division 
of  Agricultural  Education  and  Extension,  Department  of  Agriculture, 
Pretoria,  Union  of  South  Africa,  supplied  additional  information 
on  the  origin  of  Hajira  as  follows: 

I  beg  to  inform  you  that  in  1904  I  obtained  a  small  parcel  of  seed  from  Hajira 
or  El-Hajira,  a  city  in  Algeria.  The  variety  was  unknown  to  me  and  had  appar- 
ently no  particular  name,  so  I  simply  named  it  after  the  place  where  I  got  it  from. 
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In  another  letter  dated  July  6,  1928,  W.  G.  Stahl,  senior  research 
officer,  Division  of  Field  and  Animal  Husbandry,  Department  of 
Agriculture,  Union  of  South  Africa,  states  that  Colonel  du  Toit,  after 
introducing  the  Hajira  oat,  subsequently  grew  it  at  Lichtenburg  and 
in  Western  Transvaal  and  then  distributed  it  to  various  other  semi- 
arid  parts  of  what  now  constitutes  the  Union  of  South  Africa.  He 
mentions  that  since  its  introduction  the  name  Hajira  has  become 
corrupted   and  is  variously  spelled   Heijara,   Hajera,   and   Heijira. 

Hajira,  or  Heigira,  as  it  has  been  wrongly  spelled  in  this  country, 
is  an  early,  midtall,  yellow-kerneled  oat.  It  has  a  rather  weak 
straw.  It  matures  at  about  the  same  time  as  Richland,  logold,  and 
Kherson,  and  has  shown  only  fair  yielding  ability.  Because  of  its 
early  maturity  and  high  resistance  to  stem  rust,  Hajira  is  of  some 
economic  promise. 

The  Ruakura  oat,  also  known  as  Ruakura  Rust-Resistant,  originated 
at  the  Ruakura  Farm  of  Instruction  in  New  Zealand  as  a  plant  varia- 
tion in  the  Red  Algerian  (Argentine)  variety.  The  variety  has  been 
described  by  Archer  ()).  Several  introductions  of  the  variety  have 
been  made.  The  particular  strain  of  Ruakura  (C.  I.  No.  2025)  used 
in  the  experiments  reported  herein  was  introduced  by  the  Ohio  State 
University.  This  strain  is  somewhat  more  uniform  in  kernel  char- 
acters than  the  earlier  introductions  and,  for  this  reason,  was  used  in 
the  uniform  nurseries.  Ruakura  is  an  early  oat  with  equilateral 
panicles  and  a  fine,  rather  weak  straw.  The  kernels  are  grayish 
m  color.  In  some  spikelets  the  second  floret  separates  from  the 
first  similarly  to  those  of  the  Red  Algerian  variety.  On  this  account 
there  has  been  some  doubt  regarding  its  classification  as  belonging  to 
Avena  saiiva  L.  The  variety  is  of  little  commercial  promise  in  the 
United  States. 

The  development  of  the  Markton  variety  (C.  I.  No.  2053)  has  been 
described  by  Stanton,  Stephens,  and  Gaines  (23)  and  by  Stanton, 
Griff ee,  and  Etheridge  (20).  Markton  was  included  in  the  rust 
nurseries  because  of  its  immunity  from  the  smuts  of  oats.  It  is  of 
considerable  commercial  importance  in  Oregon,  Washington,  Idaho, 
and  adjacent  Montana,  where  the  rusts  of  oats  have  not  been  a 
serious  limiting  factor  in  yield. 

Anthony  (C.  I.  No.  2143;  Minn.  No.  686)  and  Minota  X  White 
Tartar  (White  Russian)  (C.  I.  No.  2144;  Minn.  No.  687)  were  bred 
by  the  Minnesota  Agricultural  Experiment  Station  {14)-  Anthony 
resulted  from  a  cross  between  Victory  and  White  Tartar  (White 
Russian).  Both  of  these  productions  are  midseason  sorts  with  white 
kernels.     Anthony  is  being  increased   for  distribution  to   farmers. 

Silv ermine,  Swedish  Select,  White  Tartar  (White  Russian),  Green 
Mountain,  Joanette,  and  Monarch  Selection  (C.  I.  Nos.  659,  134,  551, 
1892,  1880-1,  and  1879,  respectively)  have  been  described  by 
Etheridge  (8).  The  Silvermine  and  Swedish  Select  are  widely 
distributed  standard  midseason  white  oats.  The  introduction  of 
Swedish  Select  has  been  described  by  Carleton  (5).  Both  White 
Tartar  and  Green  Mountain  are  late  varieties  with  side  panicles. 
The  latter  differs  from  the  former  only  in  having  awns.  The  resist- 
ance of  White  Tartar  to  stem  rust  has  been  recognized  in  the  United 
States  for  40  years  or  more.  These  so-called  ''side  oats"  have  not 
attained  great  economic  importance,  however,  owing  to  their  late 
maturity  and  low  yielding  power.     White  Tartar  has  persisted  in 
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sections  only  where  stem  rust  frequently  is  a  limiting  factor  in  pro- 
duction. Joanette  and  Monarch  Selection  are  black-kemeled  sorts. 
Joanette  is  grown  commercially  to  some  extent  in  Canada,  but  is  of 
little  agricultural  importance  in  the  United  States.  Monarch 
Selection  has  been  grown  only  at  experiment  stations. 

Burt,  Fulghum,  Kanota,  and  Red  Rustproof  (C.  I.  Nos.  2043,  708, 
839,  and  1815,  respectively)  differ  from  all  the  other  varieties  pre- 
viously discussed  in  that  they  belong  to  the  red-oat  group,  Avena 
hyzantina  C.  Koch.  Burt  (C.  I.  No.  2043)  is  a  selection  from  a  hybrid 
between  two  strains  of  Burt  made  by  Jesse  B.  Norton  in  1902  at  the 
Arlington  Experiment  Farm,  Rosslyn,  Va.  This  strain  has  been 
included  for  several  years  in  the  varietal  experiments  at  the  Iowa 
Agricultural  Experiment  Station,  Ames,  Iowa,  where  it  has  been 
among  the  best  of  numerous  Burt  strains.  It  is  typical  of  the  variety 
in  plant  and  kernel  characters. 

The  history  and  description  of  the  Fulghum  variety  has  been 
published  by  Stanton  {19).  Salmon  and  Parker  (17)  and  Stanton, 
Love,  and  Down  (21)  have  reported  on  the  development  and  per- 
formance of  Kanota,  a  strain  of  Fulghum  which  has  become  of  great 
economic  importance. 

The  Red  Rustproof  strain  (C.  I.  No.  1815)  used  in  these  experiments 
was  obtained  from  the  Georgia  State  College  of  Agriculture,  Athens, 
Ga.,  by  the  Office  of  Cereal  Crops  and  Diseases  in  1920  under  the  name 
Appier.  It  is  a  typical  strain  of  the  well-known  Red  Rustproof 
(Red  Texas)  oat  of  the  South.  The  variety  has  been  described  by 
Etheridg€  (8),  Warburton  and  Stanton  (25),  and  others. 

GENERAL  DISCUSSION 

In  the  studies  herein  reported  several  varieties  of  oats  proved 
generally  resistant  to  stem  rust.  logold,  Hajira,  Richland,  MinotaX 
White  Tartar  (White  Russian),  White  Tartar,  Green  Mountain,  and 
Anthony  were  the  most  resistant  of  all.  The  fact  that  these  varieties 
were  so  universally  resistant,  while  many  others  were  so  universally 
susceptible,  indicates  that  the  very  virulent  physiologic  forms  of 
Puccinia  graminis  avenae  which  are  known  to  occur  in  other  countries 
are  not  abundant  and  widespread  in  the  United  States,  although  there 
is  evidence  that  they  may  be  present.  This  conclusion  is  supported 
by  observations  in  the  uniform  rust  nurseries  and  also  by  inoculations 
in  the  greenhouse,  compared  with  rust  collections  from  the  nurseries 
and  elsewhere. 

In  1923  only  physiologic  forms  1  and  2  of  Puccinia  graminis  avenae 
were  identified  with  certainty,  although  there  was  good  evidence  that 
a  collection  made  by  Wallace  Butler  on  December  28,  1923,  at  West, 
Tex.,  contained  a  virulent  form  not  hitherto  found.  White  Tartar 
and  Green  Mountain  had  been  moderately  resistant  and  Richland  and 
Hajira  highly  resistant  to  all  collections  made  in  the  summer  and  faU. 
However,  the  collection  made  by  Butler  produced  two  types  of  ure- 
dinia  on  the  same  leaf  of  Richland,  minute  uredinia  in  necrotic  areas, 
and  large,  normal  uredinia  as  well.  The  rust  from  the  large  uredinia 
was  propagated  and  was  virulent  on  all  varieties  inoculated.  Unfor- 
tunately, however,  seed  of  "Joanette  Strain"  and  "Strain  703'^  was  not 
available  for  the  tests,  and  it  was  therefore  impossible  to  distinguish 
this  culture  from  form  4.     As  the  large  uredinia  had  appeared  on  only 
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one  plant  of  Richland  and  form  4  had  been  cultured  in  the  same 

freenhouse  previously,  it  was  suspected  that  the  large  uredinia  might 
ave  resulted  from  accidental  infection.  In  the  light  of  subsequent 
events,  however,  it  seems  more  likely  that  the  rust  actually  had  been 
present  in  the  field.  Repeated  attempts  to  again  isolate  the  virulent 
form  were  unsuccessful. 

In  the  following  year,  1924,  all  winter  and  spring  oat  varieties  in 
the  nurserj^  at  Temple,  Tex.,  were  infected  with  stem  rust.  This 
indicated  the  presence  of  some  exceptionally  virulent  physiologic 
form,  possibly  Puccinia  graminis  avenae  form  6,  hitherto  unknown  on 
this  continent  or  elsewhere.  The  rust  notes  on  the  Temple  material 
were  not  taken  in  the  field  as  usual,  but  the  almost-mature  plants 
were  harvested  and  shipped  to  St.  Paul,  Minn.,  for  examination. 
The  notes  were  taken  by  A.  W.  Henry  and  the  senior  writers  of  this 
bulletin.  It  was  very  difficult  to  obtain  a  culture  from  this  material, 
for,  in  most  cases,  the  rust  was  in  the  telial  stage,  and  most  of  the 
urediniospores  were  nonviable.  Finally,  after  a  number  of  attempts, 
a  culture  was  obtained  from  the  rust  on  Silvermine.  Both  White 
Tartar  and  Richland  proved  resistant,  however.  Evidently,  if  a  very 
virulent  form  of  stem  rust  occurred  at  Temple  in  1924,  other  less 
virulent  forms  also  were  present  that  year. 

In  1925  between  40  and  50  specimens  of  Puccinia  graminis  avenae 
were  collected  and  cultured  at  St.  Paul.  Of  32  collections  determined, 
29  (approximately  91  per  cent)  were  form  2;  the  remaining  3  cultures 
were  of  form  1.  It  was  in  this  year  that  the  presence  of  the  very 
virulent  form  of  P.  graminis  avenae  was  first  definitely  discovered  in 
Canada.  This  form  may  possibly  have  been  present  at  West,  Tex., 
in  1923  and  at  Temple,  Tex.,  in  1924. 

There  w^as  considerable  stem  rust  on  White  Tartar  and  Richland 
at  College  Station,  Tex.,  in  1926,  and  its  development  on  both  varie- 
ties seemed  normal.  On  Hajira  there  was  very  little  stem  rust,  how- 
ever. This  is  circumstantial  evidence  of  the  presence  of  two  forms 
identical  with,  or  similar  to,  forms  3  and  4.  These  forms  were  not 
isolated,  however,  from  the  specimen  collected  at  the  College  Station 
nursery;  instead,  forms  1  and  2  were  isolated.  Possibly  the  host  from 
which  the  isolation  was  made  harbored  forms  1  and  2  but  not  form  3 
or  4.  There  was,  then,  circumstantial  evidence  of  the  presence  in  the 
southern  United  States  of  forms  which  can  attack  some  of  the  resistant 
varieties,  but  the  case  was  not  proved. 

In  1927  more  than  100  identifications  of  stem  rust  of  oats  were 
made.  As  in  previous  years,  form  2  was  most  prevalent,  and  form  5 
was  the  only  other  form  isolated.  Although  a  very  careful  study  was 
made  of  all  collections  obtained,  it  could  not  be  demonstrated  "defi- 
nitely that  the  virulent  European  forms  and  the  form  more  recently 
found  in  Canada  exist  in  the  United  States.  The  circumstantial 
evidence  presented  in  this  bulletin  and  the  greenhouse  and  field 
studies  of  other  investigators  {16^  7)  seem  to  indicate  the  occurrence 
of  these  forms  in  the  United  States.  Positive  experimental  proof, 
however,  is  still  lacking. 

If  the  very  virulent  forms  of  Puccinia  graminis  avenae  do  not 
spread  into  the  United  States,  the  development  of  good  varieties  of 
oats  resistant  to  stem  rust  seems  well  on  the  way  toward  realization. 
Garber  {9)  developed  Anthony  (74)>  a  cross  between  Victory  and 
White  Tartar,  which  combines  the  desirable  characters  of  the  first 
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parent  and  the  stem-rust  resistance  of  the  second.  Burnett  (3)  pre- 
viously had  selected  logold  from  Kherson.  logold  is  even  more 
resistant  to  stem  rust  than  Anthony,  is  high  yielding,  and  has  stiff 
straw.  No  variety  has  yet  proved  resistant  to  the  apparently  omniv- 
orous form  6.  Should  form  6  become  established  in  this  country, 
as  it  has  in  Canada,  and  become  widespread  the  development  of  rust- 
resistant  varieties  will  become  much  more  difficult.  Its  eventual 
appearance  in  the  United  States  seems  inevitable. 

Although  several  varieties  of  oats  were  extremely  resistant  to  stem 
rust  under  field  conditions,  no  variety  approached  a  like  degree  of 
resistance  to  crown  rust.  The  variety  showing  the  lowest  percentage 
of  crown-rust  infection  during  56  nursery  years,  lowar,  had  a  suscep- 
tibility quotient  33.75  times  greater  than  the  variety  with  the  lowest 
average  stem-rust  coefficient  for  79  nursery  years,  logold.  There 
was  not  so  great  a  range  in  the  susceptibility  of  different  varieties  to 
crown  rust  as  there  was  in  the  susceptibility  of  stem  rust.  Never- 
theless, Green  Mountain,  Red  Rustproof,  lowar,  ''Rustless  selection,'' 
Burt,  Ruakura,  and  Hajira  were  somewhat  more  resistant  than  the 
other  varieties.  It  was  evident  from  field  observations  that  physi- 
ologic specialization  in  Puccinia  coronata  avenae  complicates  the 
situation. 

There  was  no  apparent  correlation  between  resistance  to  stem 
rust  and  resistance  to  crown  rust.  While  of  all  varieties  logold  was 
the  most  resistant  to  stem  rust,  it  was  among  the  most  susceptible 
to  crown  rust.  Red  Rustproof  was  next  to  the  most  susceptible  to 
stem  rust,  but  the  second  most  resistant  to  crown  rust.  On  the 
other  hand,  one  or  two  varieties  that  were  highly  resistant  to  stem 
rust  also  were  among  the  most  resistant  to  crown  rust.  As  already 
stated,  Markton  was  the  most  susceptible  to  both  rusts.  A  cursory 
examination  of  Figures  3  and  4  reveals  the  lack  of  correlation  in 
resistance  to  the  two  rusts.  Careful  greenhouse  tests  have  not  yet 
shown  any  positive  correlation  in  any  of  the  small  grains  between 
the  resistance  to  stem  rust  and  leaf  rust. 

Observations  also  were  made  on  the  degree  of  smut  in  the  dif- 
ferent varieties  grown  in  the  nurseries.  While  complete  notes  were 
taken  only  in  1925,  estimates  of  the  percentage  of  both  smuts  were 
made  virtually  every  year.  As  these  observations  were  only  inci- 
dental, the  seed  was  not  inoculated  artificially;  hence  nothing  is 
known  about  the  number  of  physiologic  forms  which  may  have  caused 
the  infection.  As  the  seed  was  grown  at  Aberdeen,  Idaho,  it  is 
probable  that  it  was  infected  with  only  the  forms  present  at  that 
place.  The  results,  therefore,  are  not  necessarily  indicative  of  the 
behavior  of  these  varieties  toward  smut  in  commercial  fields  in  other 
regions.  Under  the  conditions  of  these  experiments,  however,  the 
following  varieties  were  very  resistant  to  both  smuts:  Markton, 
Red  Rustproof,  Fulghum,  and  Hajira.  The  following  were  moder- 
ately resistant:  Burt,  Richland,  Silvermine,  ''Rustless  selection, "^ 
and  lowar.  The  following  were  moderately  susceptible:  logren,. 
Joanette,  MinotaX  White  Tartar,  Ruakura,  and  Swedish  Select;  and 
those  extremely  susceptible  were  White  Tartar,  Green  Mountain, 
and  Anthony. 

Unfortunately,  there  appears  to  be  no  correlation  whatever  between 
smut  resistance  and  resistance  to  the  rusts.  For  example,  Markton 
and  Fulghum  were  very  resistant  to  both  smuts,  but  extremely  sus- 
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ceptible  both  to  stem  rust  and  crown  rust.  Red  Rustproof  also  was 
highly  resistant  to  both  smuts  and  also  to  crown  rust,  but  was  very 
susceptible  to  stem  rust.  On  the  other  hand,  Green  Mountain  was 
susceptible  to  both  smuts,  but  resistant  to  both  rusts;  and  Anthony 
was  very  susceptible  to  the  ^muts  and  to  crown  rust,  but  resistant 
to  stem  rust.  Again,  Ruakura  was  very  susceptible  to  the  smuts  and 
to  stem  rust,  but  resistant  to  crown  rust.  Hajira  was  the  only  variety 
which  appeared  to  be  resistant  to  both  smuts  and  both  rusts. 

The  smuts  can  be  prevented  by  seed  treatment,  but  it  would  be 
highly  desirable  to  combine  rust  resistance  and  smut  resistance  in 
one  variety,  if  possible.  To  do  this  probably  will  necessitate  a  de- 
tailed study  of  the  number,  distribution,  and  constancy  of  the  physi- 
ologic forms  of  the  smut  fungi  as  well  as  the  rusts.  The  results  pre- 
sented emphasize  the  fact  that  there  is  not  necessarily  any  corre- 
lation in  the  resistance  of  varieties  of  oats  to  different  diseases. 

SUMMARY 

A  uniform  nursery  experiment  was  started  in  1923  to  determine 
under  field  conditions  in  different  areas  the  relative  resistance  of 
varieties  of  oats  to  Puccinia  graminis  avenae  and  to  determine  the 
distribution  of  physiologic  forms  of  the  pathogene  in  the  experi- 
mental territory.  Beginning  with  1925,  observations  were  made  on 
crown  rust. 

At  first  only  11  varieties  of  oats  were  grown  at  21  experiment  sta- 
tions. Eventually  22  varieties  were  studied  at  48  stations.  Alto- 
gether, during  the  five  years  1923  to  1927,  23  varieties  were  tested 
at  as  many  as  65  different  experiment  stations. 

The  percentage  of  stem  rust  usually  was  estimated  before  the 
plants  ripened;  crown-rust  notes  were  taken  when  the  leaves  were 
still  green.  The  rust  scale  of  the  Office  of  Cereal  Crops  and  Diseases, 
Bureau  of  Plant  Industry,  was  used  as  a  basis  for  the  estimates.  In 
the  case  of  stem  rust,  in  addition  to  the  estimates  of  infection,  notes 
were  taken  on  the  nature  of  host  reaction.  A  numerical  value  was 
assigned  to  the  latter,  and  by  multiplying  it  by  the  estimated  per- 
centage an  infection  coefficient  was  obtained.  The  latter  seemed  a 
more  accurate  expression  of  the  effect  of  stem  rust  on  the  host  plants 
than  a  mere  percentage  figure.  The  percentage  reading,  however, 
was  thought  to  be  adequate  to  represent  susceptibility  to  crown  rust. 

There  was  a  very  pronounced  difference  in  the  quantity  and  qual- 
ity of  the  stem-rust  infection  on  different  varieties  at  different  sta- 
tions in  different  years.  The  following  eight  varieties,  selections, 
and  crosses  were  most  resistant  to  stem  rust  during  the  period  under 
review:  logold,  Hajira,  Richland,  Minota  X  White  Tartar  (White 
Russian),  White  Tartar,  Green  Mountain,  Anthony,  and  Edkin. 
The  average  infection  coefficients  for  these  varieties  ranged  from  less 
than  0.5  per  cent  to  a  little  over  3  per  cent.  In  comparison  with  a 
standard  variety  grown  during  the  same  period,  the  extreme  suscep- 
tibiUty  ratios  were  1.39  and  12.12  per  cent,  respectively. 

The  differences  in  the  effects  of  crown  rust  on  the  different  varieties 
were  not  so  striking  as  those  of  stem  rust.  The  spread  between  the 
least  affected  and  most  affected  varieties  was  slightly  more  than  20 
per  cent  in  the  case  of  crown  rust  and  almost  31.5  per  cent  in  the  case 
of  stem  rust.    Even  more  striking  is  the  difference  in  the  relative  sus- 
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ceptibility  ratios  of  the  most  resistant  and  most  susceptible  varieties 
to  crown  rust  and  stem  rust,  respectively.  For  crown  rust,  the  lowest 
and  highest  ratios  were  82.97  and  129.69  per  cent  and  for  stem  rust 
1.39  and  111.58  per  cent.  The  six  varieties  least  affected  by  crown 
rust  were  Green  Mountain,  Red  Rustproof,  lowar,  ''Rustless  selec- 
tion," Burt,  and  Ruakura. 

In  general  there  seemed  to  be  no  correlation  in  varietal  resistance 
between  the  two  rusts.  Some  of  the  varieties  most  resistant  to  stem 
rust  were  among  those  most  susceptible  to  crown  rust,  and  vice 
versa.  Markton  oats,  however,  was  the  most  susceptible  to  both 
rusts. 

Stem-rust  specimens  were  collected  each  year  from  the  different 
uniform  nurseries  and  their  identity  determined  by  inoculations  in 
the  greenhouse  at  University  Farm,  St.  Paul,  Minn.  Altogether,  121 
collections  from  the  nurseries  were  studied.  Physiologic  forms  1,  2, 
and  5  were  isolated  in  the  different  years.  Form  2  was  by  far  the 
most  prevalent.  None  of  the  extremely  virulent  forms  known  to 
occur  abroad  and  in  Canada  has  been  isolated  with  certainty  from  the 
collections  made  in  the  United  States,  although  there  is  considerable 
circumstantial  evidence  that  they  are  present  in  this  country. 

Unless  the  above-mentioned  virulent  forms  appear  in  the  United 
States,  the  problem  of  developing  good  varieties  of  oats  resistant  to 
stem  rust  apparently  is  well  on  the  way  to  solution.  Such  varieties  as 
logold  and  Anthony,  developed  in  Iowa  and  Minnesota,  respec- 
tively, are  outstanding  in  resistance  to  stem  rust,  in  yielding  ability, 
and  other  desirable  characters.  To  be  of  greatest  economic  value, 
resistance  to  crown  rust  and  smuts  must  be  added. 

Surveys  of  physiologic  forms  should  be  continued  as  a  basis  for 
breeding.  Losses  in  the  yield  of  oats  due  to  stem  rust  are  less  severe 
now  than  they  have  been,  owing  in  part  at  least  to  the  progress 
made  in  eradicating  barberries,  but  the  program  of  breeding  varieties 
resistant  to  both  rusts  must  be  continued  if  losses  from  these  diseases 
are  to  be  reduced  to  a  minimum.  At  the  same  time  barberry  and 
buckthorn  bushes  should  be  eradicated  in  order  to  reduce  the  amount 
of  inoculum,  to  decrease  the  opportunities  for  the  persistence  of 
physiologic  forms  now  in  existence,  and  to  reduce  the  possibility  of 
the  production  of  new  physiologic  forms  by  hybridization. 
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INTRODUCTION 

One  of  the  oldest  observations  with  reference  to  the  storage  of 
agricultural  products  is  that  certain  materials,  such  as  hay,  cattle 
feeds,  horse  manure,  and  many  forms  of  cellular  wastes,  undergo  a 
process  of  heating,  the  rise  of  temperature  under  some  conditions 
advancing  to  the  point  where  spontaneous  ignition  is  produced.  The 
economic  losses  from  fires  that  develop  from  this  cause  amount  each 
year  in  the  United  States  to  many  millions  of  dollars.^  (Fig.  1.) 
Unfortunately,  the  data  for  making  an  accurate  estimate  of  •these 
losses  are  very  meager.  The  statistics  of  American  fire  losses,  com- 
piled annually  by  the  National  Board  of  Fire  Underwriters,  give  for 
the  reported  destruction  of  property  from  spontaneous  combustion 
in  the  United  States  during  the  year  1925  a  loss  of  $17,391,393;  dur- 

^  One  of  the  earliest  references  In  the  United  States  to  the  Importance  of  spontaneous 
combustion  was  made  by  Henry  Wallace   («»,  p.  SH-W).* 

-  Italic  numb«»rs  In  parentheses  refer  to  "  Literature  cited,"  p.  37. 
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ing  1926,  $15,498,812;  and  during  1927,  $13,640,804.  In  order  to 
cover  the  losses  not  reported  to  its  actuarial  bureau  the  National 
Board  of  Fire  Underwriters  adds  an  additional  25  per  cent  to  its 
compilations,  which  would  bring  the  estimated  total  loss  from  spon- 
taneous combustion  in  the  United  States  to  $21,739,241  for  1925,  to 
$19,373,515  for  1926,  and  to  $17,051,005  for  1927.  The  actual  annual 
losses  from  spontaneous  combustion  in  the  United  States  are,  how- 
ever, much  greater  than  the  amounts  just  mentioned,  for  the  re- 
ported destruction  of  property  from  unknown  causes  of  fire,,  of 
which  spontaneous  combustion  undoubtedly  formed  a  high  per- 
centage, was  $199,179,533  in  1925,  $202,369,737  in  1926,  and  $171,- 
038,429  in  1927.  A  rough  estimate  of  the  chemical  engineering  divi- 
sion of  the  Bureau  of  Chemistry  and  Soils,  based  upon  the  reports  of 
farm  mutual  insurance  associations  in  various  States  and  of  other 
organizations,  indicates  that  in  farm  fires  alone  the  loss  from  spon- 
taneous combustion  in  the  United  States  may  exceed  $30,000,000  a 
year,  which  is  20  per  cent  of  the  total  estimated  annual  loss  of 
$150,000,000  from  fires  on  farms  and  in  rural  communities. 


FiGUEE  1. — All  that  was  left  of  a  Maryland  barn  destroyed  by   the  spontaneous 

ignition  of  the  hay  in  it 

Statistics  of  other  countries  indicate  an  equally  high  percentage 
of  losses  from  spontaneous  combustion.  The  fire  marshal's  office  of 
Toronto,  Canada,  estimates  that  in  1920  the  Province  of  Ontario  alone 
suffered  a  loss  of  nearly  three-quarters  of  a  million  dollars  from  the 
spontaneous  combustion  of  hay  and  other  farm  produce.  G.  Laup- 
per  estimates  that  at  least  0.5  per  cent  of  the  hay  supply  of  Switzer- 
land is  lost  each  year  from  spontaneous  combustion,  the  total  annual 
destruction  of  farm  produce  and  buildings  from  this  cause  amount- 
ing ior  this  small  country  to  18,000,000  francs  or  $3,600,000.  Esti- 
mates of  the  losses  in  other  countries  are  not  available,  but  the  pro- 
portional destruction  of  property  elsewhere  from  spontaneous  com- 
bustion must  have  been  equally  high.  To  these  losses  from  fire 
must  be  added  the  losses  in  the  value  of  produce  from  overheating 
(which  in  many  cases  proceeds  to  the  point  of  carbonization  without 
final  ignition),  that  do  not  appear  in  the  statistical  estimates  of  fire 
losses.  What  this  secondary  loss  may  amount  to  can  be  inferred 
from  the  statement  of  Laupper  that  for  every  25  actual  fires  result- 
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ing  from  spontaneous  combustion  in  Switzerland  there  were  not  less 
than  167  cases  of  carbonization,  as  a  result  of  overheating.  The 
great  possibility  of  fires  from  spontaneous  combustion  is  apparent 
from  the  fact  that  the  accident  of  exclusion  of  sufficient  air  is  all 
that  prevents  a  carbonization,  from  developing  into  an  ignition. 

REVIEW  OF  PREVIOUS  THEORIES 

ANCIENT  OBSERVATIONS 

For  the  oldest  observations  upon  si)ontane()us  combustion  we  must 
go  back  to  antiquity.  The  stormg  of  cut  grass  for  the  sustenance  of 
sheep,  goats,  horses,  and  other  domesticated  animals  during  the  win- 
ter was  practiced  by  man  at  a  very  early  date,  and  the  phenomenon 
that  green  grass  when  piled  in  heaps  undergoes  spontaneous  heat- 
ing with  danger  of  final  ignition  was  undoubtedly  noticed  long  be- 
fore the  rules  of  agricultural  procedure  were  reduced  to  writing.  A 
proper  method  of  curing  the  cut  grass  intended  for  the  winter  feed- 
ing of  cattle,  was  gradually  evolved  as  a  consequence  of  long  experi- 
ence, with  the  result  that  in  the  ancient  classical  works  upon  agricul- 
ture are*  definite  practical  rules  for  preventing  the  spontaneous  heat- 
ing and  combustion  of  hay.  Columella  (5),  a  Roman  writer  of  the 
first  century  A.  D.,  makes  the  following  statement,  for  example,  in 
his  classical  treatise  upon  agriculture : 

The  best  time  to  cut  hay  is  before  it  dries  up:  first  because  it  gives  a  larger 
yield  aud  second  because  it  furnishes  a  product  that  is  relished  better  by  ani- 
mals. There  must,  however,  be  a  certain  mean  observed  in  curing  hay  in 
order  that  it  may  not  be  gathered  either  too  dry  or  too  green.  In  the  former 
case,  if  it  has  lost  all  its  juice,  it  is  only  good  for  bedding ;  in.  the  latter  case, 
if  it  retains  too  much  of  its  juice,  it  rots  on  the  scaffold  and  when  it  has  become 
hot  often  ignites  and  catches  fire. 

The  elder  Pliny  (^^),  a  contemporary  of  Columella,  lays  down 
the  following  rule  in  his  famous  encyclopaedic  Natural  History : 

.  .  .  When  the  grass  is  cut  it  should  l)e  turned  towards  the  sun  and  must 
never  be  stacked  until  it  is  quite  dry.  If  this  last  precaution  is  not  carefully 
taken,  a  kind  of  vapor  wall  be  seen  arising  from  the  rick  in  the  morning,  and 
as  soon  as  the  sun  is  up  it  will  ignite  to  a  certainty  and  so  be  consumed. 

In  this  passage  Pliny  seems  to  indicate  that  solar  Jieat  is  the  final 
cause  of  ignition. 

ANCIENT  THEORIES  OF  FRICTION   AND   OCCLUDED  HEAT 

The  ancient  Greeks,  who  were  keen  speculators  in  every  field  of 
knowledge,  naturally  developed  a  theory  for  spontaneous  combustion. 
At  a  very  early  period  of  their  civilization  they  were  familiar  with 
the  process  of  producing  fire  by  the  friction  of  wood,  a  method  em- 
ployed by  nearly  all  primitive  races,  and  at  a  later  date,  when  they 
began  to  philosophize,  the  Greeks  made  this  idea  of  friction  the 
basis  of  their  explanation  of  spontaneous  combustion.  Many  illus- 
trations of  this  could  be  given,  one  of  the  best  known  being  a  comment 
that  tfie  Greek  historian  Thucydides  {•26)  makes  in  his  famous  His- 
tory of  the  Peloponnesian  "War,  where,  in  describing  a  conflagration 
of  wood,  pitch,  and  sulphur  which  was  set  by  the  Peloponnesians 
during  the  siege  of  Plataea,  he  remarks : 
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The  consequence  was  a  fire  greater  than  any  one  had  ever  yet  produced  by 
human  agency,  though  it  could  not  of  course  be  compared  to  the  spontaneous 
conflagration  sometimes  known  to  occur  through  the  wind  rubbing  the  branches 
of  a  mountain  forest  together. 

The  explanation  of  the  action  of  friction  in  setting  fire  to  wood  or 
other  substances,  according  to  the  Greeks,  was  a  loosening  and  coa- 
lescing of  the  minute  scattered  particles  of  fire  which  they  supposed 
to  exist  in  every  combustible  material.  This  old  concept  of  flam- 
mable substances  containing  a  hidden  heat  that  was  ready  to  break 
into  fire  under  favorable  conditions  was  inherited  from  the  Greeks 
by  the  philosophers  of  the  later  Roman  and  medieval  periods  and  has 
persisted  even  until  comparatively  modern  times.  Bacon  (7,  v.  i, 
p.  186-187),  the  Elizabethan  philosopher,  in  his  famous  Novum  Or- 
ganum,  made  this  idea  the  basis  of  his  explanation  of  spontaneous 
combustion : 

All  herbs  and  green  and  moist  vegetables  seem  to  contain  some  secret  heat, 
though  so  small  as  to  be  imperceptible  to  the  touch  in  small  jwrtions ;  but  when 
many  are  joined,  and  close  shut  up  together,  so  that  their  spirit  cannot  breathe 
out  into  the  air,  but  the  parts  must  mutually  foment  and  cherish  each  other, 
a  manifest  heat  is  produced,  and  sometimes  a  flame  if  the  matter  is  disposed 
thereto. 

The  doctrine  of  hidden  particles  of  fire  was  especially  elaborated 
by  the  Greek  philosophers  of  the  atomic  school,  Democritus,  Epi- 
curus, and  their  followers.  Their  ideas  were  made  use  of  by  the 
Latin  poet  Lucretius  (iP,  v.  1,  p.  Jfi)  in  his  scientific  poem  upon 
The  Nature  of  Things.  In  commenting  upon  the  spontaneous  origin 
of  forest  fires,  as  previously  given  by  Thucydides,  Lucretius  makes 
the  following  argument : 

But  it  often  comes  to  pass  on  high  mountains,  you  say,  that  contiguous  tops 
of  tall  trees  rub  together,  the  strong  south  winds  constraining  them  to  do  so, 
until  the  flower  of  flame  has  broken  out  and  they  have  burst  into  a  blaze. 
Quite  true  and  yet  fire  is  not  innate  in  the  woods;  but  there  are  many  seeds 
of  heat,  and  when  they  by  rubbing  have  streamed  together,  they  produce  con- 
flagrations in  the  forests.  But  if  the  flame  was  stored  up  ready  made  in  the 
forests,  the  fire  could  not  be  concealed  for  any  length  of  time,  but  would 
destroy  forests,  burn  up  trees  indiscriminately. 

Although  this  idea  of  forest  conflagrations  being  produced  by  the 
continual  rubbing  together  of  the  branches  of  trees  in  the  wind  rests 
upon  a  mistaken  assumption,  the  old  Greek  theory  of  the  spontaneous 
production  of  fires  by  friction  found  a  very  general  acceptance  until 
comparatively  modern  times.  Without  giving  an  account  of  the 
development  of  this  theory  in  all  its  historic  details  it  might  be 
mentioned  that  the  Arab  writer  Ben  Mohalhal  about  942  A.  D.  re- 
ferred to  the  fact  that  the  leaves  of  a  cane  which  grew  in  Kabul  were 
ignited  by  the  rubbing  of  the  leaves  against  each  other  in  the  wind, 
and  that  as  late  as  1644  the  celebrated  French  philosopher  Descartes 
{9)  in  his  Principia  Philosophise  explained  the  spontaneous  heating 
of  vegetable  tissues  upon  the  basis  of  an  inner  friction  produced  by 
the  movement  of  plant  juices  through  the  dry  contracted  cellular 
vessels. 

The  ancient  conception  of  hidden  or  included  fire  was  also  held  by 
the  famous  Dutch  chemist  Boerhaave  (^,  pt.  3,  p.  175-176)  of  the 
University  of  Leyden,  who  in  his  New  Method  of  Chemistry  describes 
the  first  attempt  to  analyze  the  products  that  were  formed  during  the 
spontaneous  heating  of  hay. 
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1.  Throw  together  any  of  the  tender,  green  and  f?ucculent  parts  of  recent 
vegetables,  whether  acid  or  alkaline,  in  a  large  heap,  in  the  warm  open  air,  and 
press  them  down  with  an  additional  weight,  if  their  own  be  inconsiderable; 
and  the  middle  part  of  the  heap  will,  in  a  little  time,  spontaneously  conceive  a 
small  degree  of  heat,  and  pass  successively  thro'  the  other  degrees,  till  it  comes 
to  a  state  of  ebullition.  In  the  space  of  three  days,  from  the  first  putting 
them  together,  they  will  yield  a  heat,  perceivable  by  the  hand,  equal  to  that 
of  the  human  body  in  a  state  of  health ;  by  the  fifth  it  will  be  too  great  for  the 
hand  to  bear  without  pain;  and  lastly,  by  the  sixth,  seventh,  or  eighth  day, 
the  juices  will  generally  appear  ready  to  boil,  and  sometimes  the  matter  will 
even  fiame  and  burn  away.  (2.)  By  this  spontaneous  operation,  the  vegetable 
acquires  an  abominably  putrid,  stercoraceous,  or  cadaverous,  taste  and  odour; 
and  turns  entirely  into  one  soft,  similar,  pappy  mass,  or  cransmnentum,  greatly 
resembling  fetid  human  excrement  in  scent,  and  putrefied  flesh  in  taste.  (3.) 
If  now  this  fetid  matter,  thus  obtain'd,  be  directly,  whilst  it  remains  in  its 
fetid  state,  committed  to  a  glass  retort,  and  distill'd  with  proper  degrees  of  fire, 
there  will  come  over,  1st,  A  water  impregnated  with  an  urinous  spirit,  perfectly 
like  that  obtainable  from  animal  subjects,  and  separable  by  a  fresh  distillation, 
slowly  made  in  a  tall  glass,  into  elementary  water,  and  a  large  quantity  of 
pure,  white,  volatile,  dry  alkaline  salt,  not  to  be  distinguished  from  animal 
salts.  2dly,  A  volatile,  alkaline,  oily  salt,  that  shoots  in  glebes.  3dly,  An 
exceedingly  volatile  and  a  thick  fetid  oil,  both  which  are  also  entirely  like  those 
of  animals.  4thly  and  lastly,  the  remainder  being  calcin'd  in  an  open  fire, 
affords  not  the  least  particle  of  fix'd  salt ;  just  as  if  the  subject  had  really  been 
of  the  animal,  and  not  of  the  vegetable  kingdom. 

2.  This  process  is  truly  universal,  and  holds  equally  in  all  kinds  of  vegetables, 
tho  ever  so  different  in  their  nature  and  virtue.  I  have  my  self  made  the 
experiment  in  the  coldest  and  most  succulent  or  watry  plants,  such  as  purslain, 
sorrel,  etc.,  as  well  as  with  the  hottest  or  most  acrimonious,  such  as  the 
spurges,  etc.,  and  always  found  it  succeed;  but  the  sooner,  as  the  vegetables 
employ'd  contain'd  the  greater  quantity  of  oil ;  tho  with  the  same  phsenomena. 
It  will  likewise  succeed  with  dry  vegetables;  provided  they  be  moisten'd  with 
water  before  they  are  thrown  into  heaps.  And  thus  we  sometimes  see  that 
stacks  of  hay  will  spontaneously  take  fire  and  blaze  away ;  especially  if  it  was 
not  well  dried  in  the  making.  .  . 

3.  .  .  .  We  see  also  that  vegetable  putrefaction  is  begun  and  promote<l  with 
heat,  and  finished  with  coction,  which  requires  a  degree  of  heat  much  greater 
than  that  excited  by  fermentation,  as  being  capable  of  causing  an  ebullition  in 
the  plant,  and  even  of  turning  it  into  flame :  and  indeed  the  immediate  cause  of 
fermentation,  is  the  motion  of  the  air  intercepted  between  the  fluid  and  viscous 
parts  of  the  fermenting  liquor;  but  the  cause  of  putrefaction  is  fire  it  self, 
collected  or  included  within  the  putrefying  subject. 

Boerhaave  thus  regarded  the  heating  of  hay  not  as  a  fermentation 
but  as  a  putrefaction  of  which  a  collected  or  included  fire  was  sup- 
posed to  be  the  cause.  Boerhaave's  statement  that  he  obtained  a 
volatile  alkaline  spirit  and  salt  (ammonia  and  ammonium  carbonate) 
in  the  distillation  of  hay  that  had  undergone  spontaneous  heating  is 
one  of  the  first  references  to  an  observation  that  was  frequently  made 
by  later  students  of  the  subject. 

THEORIES  OF  VITAL  HEAT 

Another  explanation  of  the  spontaneous  combustion  of  hay  and 
other  plant  products,  which  is  more  modern  than  the  purely  pHysical 
theory  of  friction,  is  the  accumulation  of  vital  heat.  One  of  the 
oldest  observed  characteristics  of  living  matter  is  the  generation  of 
warmth,  which  was  noted  by  early  man  not  only  in  the  case  of  ani- 
mals but  in  that  of  many  vegetable  mateiials,  such  as  heaps  of  sprout- 
ing grain.  It  was  supposed  by  many  who  si)eculate(l  upon  the  sub- 
ject (and  the  error  still  persists)  that  if  the  warmth  generated  by  the 
tissues  of  living  plants,  such  as  freshly  cut  grass,  could  be  completely 
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confined  within  a  well-insulated  space,  such  as  the  interior  of  a 
haystack,  the  continued  accumulation  of  vital  heat  would  finally 
raise  the  temperature  of  the  mass  to  the  point  of  ignition.  A  little 
reflection  and  experimenting  are  sufficient,  however,  to  demonstrate 
the  falsity  of  this  theory.  One  need  only  suppose  a  large  bathing 
pool,  with  water,  atmosphere,  and  building  at  exactly  blood  heat, 
filled  with  men.  No  matter  how  closely  crowded  the  bathers  may  be, 
although  each  is  a  producer  of  heat,  the  temperature  of  the  water  and 
of  the  bathroom  as  a  whole  will  not  rise  above  that  of  the  men's 
bodies.  The  temperature  of  a  mass  of  living  organisms,  as  of  bees 
or  bacteria,  is  the  same  as  that  of  its  individual  units  and  no  more. 

The  production  of  heat  by  living  plant  cells  has,  however,  an  im- 
portant bearing  upon  the  problem  of  spontaneous  combustion, 
especially  in  the  early  stages  of  the  process.  When  it  was  recog- 
nized by  physiologists  that  plants  not  only  assimilate  carbon  dioxide 
and  give  off  oxygen,  but  also  breathe  the  same  as  animals,  by  taking 
in  oxygen  and  giving  out  carbon  dioxide,  the  generation  of  heat  by 
vegetable  tissues  and  organs  began  to  be  explained,  as  in  the  case 
of  animals,  as  a  result  of  a  respiration  process.  The  botanist  Gop- 
pert  {10)  began  in  1830  to  make  the  first  scientific  experiments  upon 
the  heat  developed  by  the  respiration  of  plants.  He  showed  that 
when  grain  was  alloAved  to  sprout  in  a  wooden  box,  temperatures  as 
high  as  50°  C.  might  be  obtained,  and  he  concluded  from  his  numer- 
ous experiments  that  plants  liberate  measurable  quantities  of  heat 
at  all  stages  of  growth  from  germination  to  flowering. 

Goppert  failed,  however,  to  differentiate  between  the  heat  that 
was  evolved  by  the  respiration  of  the  living  plant  and  that  produced 
by  the  vital  processes  of  adhering  microorganisms,  a  distinction  that 
remained  for  Cohn  (/),  a  plant  physiologist  of  Breslau,  to  demon- 
strate in  1890.  Cohn,  by  making  improvements  upon  a  device  of  the 
Wiirzburg  botanist  Sachs,  constructed  an  apparatus  by  which  the 
gas  exchange  of  oxygen  and  carbon  dioxide  in  the  sprouting  grain 
could  be  measured,  while,  so  far  as  possible,  any  loss  of  heat  by 
radiation  and  evaporation  was  prevented.  After  the  compartment 
of  this  apparatus  was  filled  with  germinating  malt,  which  had  been 
well  moistened,  there  developed  in  the  first  hours  a  rapid  increase 
in  temperature,  which  gradually  diminished  with  an  apparent  tend- 
ency to  terminate  at  40°  C.  or  at  about  the  death  point  of  the  young 
plantlets.  This  pause  in  temperature  increase  was  only  temporary, 
however,  and  there  soon  began  another  rapid  rise  in  the  thermometer 
w^hich  finally  became  stationary  at  about  65°.  The  first  period  of 
heat  development  in  this  experiment,  up  to  40°,  was  explained  by 
Cohn  as  resulting  from  the  respiration  of  living  plant  cells,  and  the 
second  period  of  heat  development,  up  to  65°,  after  the  life  of  the 
plant  cells  had  been  destroyed,  as  resulting  from  the  vital  processes 
of  thermogenic  or  thermophilic  microorganisms,  of  which,  in  the 
heating  of  malt  sprouts,  the  Aspergillus  furaigatus  seemed  to  be  the 
most  active.  Cohn  demonstrated  that  tlie  presence  of  oxygen  was 
necessary  for  these  biological  processes  of  heat  production  by  show- 
ing that  when  air  was  excluded  from  the  vessel  containing  the 
germinated  malt,  the  temperature  came  to  a  standstill. 

In  further  confirmation  of  his  demonstration  of  the  two  stages  of 
heat  production  in  the  storage  of  malt,  Cohn  showed  that  if  the 
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microorganisms  adhering  to  the  surface  of  the  barley  were  destroyed 
by  immersion  of  the  grains  in  copper  sulphate  solution  only  the  nrst 
stage  of  heat  development  during  the  sprouting  of  the  malt  took 
place  J  and  the  temperature  did  not  exceed  40°  C.  If,  however,  the 
sterilized  malt  was  again  inoculated  with  the  necessary  thermo- 
philic organisms  the  second  stage  of  heat  production  could  be  pro- 
duced, and  the  temperature  then  rose  to  a  maximum  of  over  55°. 

CHEMICAL  THEORIES 

The  maximum  temperatures  observed  in  the  most  carefully  con- 
trolled experiments  upon  the  heating  of  plant  materials  by  biological 
agencies  rarely  exceed  70°  C,  which  is  about  the  thermal  death  point 
of  most  vegetating  microorganisms.  This  temperature  is  far  below 
the  280°  or  more  which  is  supposed  to  be  necessary  for  the  ignition 
of  hay,  and  students  of  the  subject,  therefore,  felt  themselves  obliged 
to  seek  some  other  cause,  either  physical  or  chemical,  which  would 
explain  the  rapid  rise  in  temperature  of  haystacks  from  the  70°  to 
80°  which  is  the  limit  of  biological  heat  production,  to  the  280° 
or  more  which  is  necessary  for  ignition. 

The  attention  of  scientists  was  first  attracted  to  possibilities  of  a 
chemical  nature  in  producing  spontaneous  combustion  by  an  experi- 
ment that  was  performed  in  1823  by  the  German  chemist  Dobe- 
reiner,  who  showed  that  when  finely  divided  platinum  is  brought 
into  contact  with  hydrogen  gas,  the  hydrogen  ignites.  The  phe- 
nomenon depends  upon  the  fact  that  platinum  sponge,  or  platinum 
black,  has  the  property  of  condensing  within  its  pores  many  hundred 
times  its  volume  of  the  gases  to  which  it  may  be  exposed.  The  simul- 
taneous occlusion  in  large  volumes  of  oxygen  from  the  air  and  of  a 
combustible  gas,  such  as  hydrogen,  in  the  pores  of  the  metal  brings 
the  two  into  such  intimate  contact  that  they  unite  chemically,  with 
ignition.  In  the  same  way  carbon  monoxide,  ethylene,  alcohol 
vapors,  and  other  condensible  gases  can  be  made  to  ignite  spontane- 
ously. 

Of  a  somewhat  different  character  from  the  ignitions  produced 
by  the  reaction  between  oxygen  and  combustible  gases  in  the  pores 
of  intensely  absorbent  materials  are  the  spontaneous  combustions  of 
substances  in  the  so-called  pyrophoric  condition,  by  which  is  meant 
a  state  of  material  resulting  from  exceedingly  minute  subdivision 
of  its  particles  that  permits  of  such  rapid  atmospheric  oxidation  as 
to  raise  the  temperature  to  the  point  of  incandescence.  A  large  num- 
ber of  such  pyrophoric  substances  are  known  to  the  chemist.  If  lead 
tartrate,  for  example,  be  heated  in  a  glass  tube  and  air  excluded  the 
lead  is  reduced  to  the  metallic  condition  and  left  in  such  an  exceed- 
ingly fine  state  of  division  that  if  the  tube  be  tightly  sealed,  cooled, 
and  then  reopened,  the  minute  particles  of  metal  upon  coming  in 
contact  with  the  air  will  combine  with  atmospheric  oxygen  with 
such  avidity  as  to  take  fire  spontaneously.  In  a  similar  way,  when 
potassium  or  sodium  sulphates  are  thoroughly  mixed  with  lampblack 
and  ignited  in  a  covered  crucible,  the  salts  of  these  alkali  metals  are 
reduced  to  the  coricsponding  sulphides,  which  are  mixed  with  the 
charcoal  in  such  a  finely  divided  state  that  the  material  ignites  spon- 
taneously on  exposure  to  the  air.  Another  mixture  of  similar  pyro- 
phoric cliaracter  is  obtained  by  igniting  potassium  or  sodium  alum 
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with  lampblack,  starch,  or  flour.  Various  metallic  oxides,  such  as 
those  of  iron,  cobalt,  and  nickel,  when  heated  in  hydrogen  at  low 
redness,  especially  in  admixture  with  alumina,  magnesia,  or  other 
infusible  materials,  are  reduced  and  leave  the  corresponding  metal 
in  a  very  finely  divided  pyrophoric  condition. 

The  employment  of  the  principles  of  gas  absorption  and  py- 
rophoresis  as  an  explanation  for  the  spontaneous  combustion  of  hay 
was  first  made  in  1872  by  Buckner  (^^,  f.  361)^  professor  of  chem- 
istry at  the  University  of  Munich,  in  the  following  words : 

If  a  spontaneous  decomposition  of  hay  with  a  consequent  considerable  evolu- 
tion of  warmth  is;  accepted  as  a  w^ell  established  fact,  it  can  then  also  be  sup- 
posed, when  the  greatest  part  of  the  water  contained  in  the  hay  has  evaporated, 
that,  as  a  result  of  the  continual  absorption  and  decomposing  action  of  oxygen, 
the  heat  under  especially  favorable  conditions  may  be  raised  to  the  point  of 
ignition.  This  idea  is  based  upon  the  supposition  that  during  the  progressive 
decomposition  above  mentioned  the  hay  undergoes  a  kind  of  carbonization  and 
that  the  carbonaceous  residue  formed  in  this  way,  similar  to  many  other  forms 
of  carbon  such  as  many  peat  carbons,  mixtures  of  i)eat  ash  and  carbon,  or  vari- 
ous mineral  coals  that  are  contaminated  with  finely  divided  pyrites  may,  in 
consequence  of  its  great  porosity  and  the  presence  of  foreign  substances  that 
are  susceptible  to  rapid  absorption  of  oxygen  and  oxidation,  acquire  the  property 
of  a  pyrophor  and  in  the  presence  of  a  sulficient  amount  of  air,  condense  the 
latter  upon  its  surface  to  such  an  extent  that  the  material  becomes  red  hot 
and  Ignites. 

PYROPHORIC  CARBON"  THEORY  OF  RANKE 

This  conjecture  of  Buckner  was  immediately  subjected  to  a  critical 
test  both  by  an  actual  observation  of  a  case  of  spontaneous  combus- 
tion and  also  by  practical  laboratory  experiments  by  Ranke  (^^). 
His  article  upon  the  subject  in  Liebig's  Annalen  for  1873  is  of  such 
fundamental  importance  that  it  has  been  made  the  starting  point  of 
practically  all  subsequent  discussions  upon  the  subject.  The  reports 
of  cases  of  spontaneous  combustion  previous  to  Ranke 's  investigations 
are  so  contradictory  that  many  of  the  statements  appear  wholly  un- 
reliable. Ranke  was  one  of  the  first  persons  with  scientific  training 
to  describe  an  actual  case  of  the  spontaneous  combustion  of  hay,  and 
as  his  description  enumerates  practically  all  the  details  of  such  an 
occurrence  and  agrees  so  completely  with  later  observations  it  has 
been  translated  as  one  of  the  best  typical  accounts  of  the  phenomenon. 

On  my  estate  Laufzorn,  which  is  situated  south  of  Munich  about  four  hours 
by  ix>st  near  the  Griinwald  forest,  a  burning  odor  was  observed  on  the  morning 
of  October  19,  1872,  in  the  west  comer  of  a  large  massively  constructed  bam. 

In  this  section  of  the  barn  was  stored  a  part  of  a  crop  of  rowen  that  had 
been  harvested  upon  the  estate  and  unloaded  in  two  adjacent  piles,  one  of  which 
contained  about  22Mj  tons  and  the  other  about  15  tons. 

This  rowen  had  all  been  harvested  in  apparently  well  dried  condition  during 
excellent  weather  between  the  5th,  and  10th  of  August.  During  the  whole  of 
September  there  was  noticeable  only  the  customary  strongly  aromatic  odor 
of  hay  which  increased  in  intensity  until  finally  on  the  17th  and  18th  of 
October  a  perceptible  burnt  odor  began  to  be  noticed.  This  emi)yreumatic 
burnt  odor  had  become  so  strong  on  Saturday  morning  October  19  that  my 
manager  was  convinced  the  interior  of  the  mow  had  caught  fire.  He  determined 
at  once  to  remove  the  hay  as  carefully  as  possible  and  in  case  fire  should  be 
discovered  to  extinguish  it  with  a  large  quantity  of  water. 

All  available  buckets,  casks  and  other  containers  were  accordingly  filled 
with  water  upon  the  scaffold  of  the  barn  above  the  rowen  and  at  10:30  A.  M. 
the  removal  of  the  hay  was  very  carefully  commenced. 

It  was  evident  that  the  burnt  odor  proceeded  only  from  the  larger  of  the 
two  piles,  which  was  bounded  on  the  west  and  south  by  a  solid  wall  of  masonry 
2  ft.  thick  and  17  ft.  high,  was  open  on  the  east  side  to  the  threshing  fioor 
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and  directly  connected  on  the  north  with  the  smaller  pile  of  hay  previously 
mentioned.  The  dimensions  of  the  large  pile  were  23  ft  high,  23  ft.  long  and 
16  ft.  from  front  to  back. 

In  the  upper  portion  of  the  mow  the  rowen  was  sweating  so  strongly  that 
drops  were  actually  hanging  on  the  spears  of  grass.  The  color  of  the  entire  pile 
so  far  as  could  be  determined  from  the  outside  was  a  bright  green  and  as  far 
as  the  exterior  w.is  concerned  no  increase  of  temiierature  could  be  observed. 

The  rowen  was  carefully  removeil,  principally  on  the  side  next  to  the 
threshing  floor,  and  hauled  out  of  the  barn.  On  the  top  only  the  sweating 
portions  were  removed  down  to  a  depth  of  about  3  feet,  and  as  the  rowen  at 
this  point  was  in  a  dry  and  very  hot  state  the  removal  of  hay  from  the  top 
was  temporarily  suspended.  In  continuing  the  removal  from  the  side  next 
to  the  threshing  floor,  an  increase  of  heat  began  to  be  observed  at  a  distance 
of  about  IVa  feet  toward  the  center  of  the  pile.  The  odor  which  escaped  during 
these  operations  was  strongly  empyreumatic. 

As  the  removal  now  began  to  be  pushed  more  vigorously  from  the  top  there 
were  suddenly  observed  at  a  depth  of  about  5  feet  several  sparks.  At  the 
same  time  smoke  and  flashes  of  sparks  were  suddenly  obser^'ed  on  one  of  the 
wagons,  upon  which  the  latest  removed  portions  of  rowen  were  being  hauled 
from  the  barn.     This  was  about  1 :30  P.  M. 

The  entire  mow  and  the  loaded  wagon  were  now  drenched  with  water.  The 
rowen  that  was  now  being  hauled  out  was  of  a  deep  brown  color  and  was 
spread  out  uix)n  the  grass  near  a  pond  situated  behind  the  barn. 

From  now  on  the  removal  of  rowen  could  be  performed  only  with  constant 
drenching  with  water,  since  almost  every  forkful  as  soon  as  it  was  taken  out 
began  to  glow.  It  was  also  frequently  necessary  to  pour  water  again  upon  the 
material  which  had  been  loaded  since  even  the  boards  of  the  wagon  repeatedly 
broke  into  flame«.  Even  the  rowen  that  had  been  spread  out  on  the  grass  near 
the  pond  reignited  rer)eatedly,  so  that  it  had  to  be  extinguished  three  times. 
The  material  outside  in  the  open  broke  out  into  actual  flames,  which  was  pre- 
vented inside  the  barn  by  the  constant  energetic  drenching  with  water.  It  might 
be  mentioned  in  this  connection  that  on  the  following  day  the  grass  sod,  upon 
which  the  removed  rowen  had  been  spread,  was  found  to  be  completely  burned. 

On  the  side  of  the  pile  undergoing  combustion  was  the  above  mentioned 
smaller  pile  of  about  15  tons,  which  was  found  to  be  in  perfectly  good  condition. 
In  order  to  separate  it  from  the  other  pile  it  was  necessary  to  cut  through  a 
section  about  SV2  feet  wide.  In  performing  this  work  there  was  such  a  powerful 
out-flow  of  gas,  probably  carbon  monoxide,  that  no  workman  could  stay  there 
for  more  than  1  to  2  minutes.  The  laborers  became  pale  and  livid  and  with  a 
feeling  of  suffocation  rushed  out  gasping  for  air. 

Finally  after  it  had  become  dark  the  work  of  removing  the  burning  material 
from  the  barn  was  completed.  The  burnt  mass  formed,  as  it  were,  the  core  of 
the  pile  and  was  estimated  to  have  a  diameter  of  about  11  feet  at  the  top; 
it  extended  downwards  to  about  IV2  feet  from  the  floor  where  the  diameter 
of  tlie  hot  portion,  however,  had  narrowed  down  to  about  4  to  5  feet.  The 
burned  area  extended  backwards  to  within  about  1%  feet  from  the  rear  wall 
of  the  barn. 

The  condition  of  the  burnt  mass  was  that  of  an  actual  carbon  with  a  reten- 
tion, however,  of  its  original  structure.  The  form  of  every  spi^ar  of  grass  and 
of  every  flower  could  be  plainly  recognized.  If  this  grass  carbon  was  rubbed 
upon  palmer,  the  latter  was  colored  black. 

Figure  2  shows  the  vertical  section  of  the  hay  mow  damaged  by 
spontaneous  combustion  as  described  by  Ranke. 

Ranke  attributed  the  repeated  ignition  of  the  carbonaceous  mate- 
rial from  the  haystack  to  the  strong  absorptive  power  that  it  had  for 
atmospheric  oxygen.  He  next  proceeded  to  prove  this  theory  bv 
means  of  a  series  of  experiments,  which  he  carried  out  at  Munich 
in  the  laboratories  of  Liebig  and  Buckner.  He  found  first  that  when 
the  rowen  was  heated  to  such  a  temperature  that  all  volatile  empy- 
reumatic substances  were  expelled  from  the  residual  carbon,  the  latter 
upon  exposure  to  the  air  possessed  no  pyrophoric  properties.  When, 
however,  the  ro\ven  was  carbonized  between  250°  and  300°  C.  in  a 
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flask  placed  on  an  oil  bath,  the  resultant  carbon  after  exposure  to 
the  air  began  to  heat  and  then  suddenly  became  red  hot  in  a  number 
of  places.  Since  spontaneous  ignition  did  not  take  place  when  the 
empyreumatic  substances  were  completely  removed  from  the  carbon, 
Ranke  concluded  that  these  volatile  products  of  destructive  distilla- 
tion very  probably  played  some  role  in  the  phenomenon  of  self- 
ignition,  perhaps  similar  to  that  observed  in  the  familiar  spontaneous 
ignition  of  oily  waste. 

Ranke  states  in  concluding  his  article  that  the  high  tempera- 
ture of  300°  C,  which  seems  to  be  necessary  for  the  formation  of 

pyrophoric  carbon  in  a 
haystack,  is  possible  only 
by  reason  of  the  excellent 
insulating  properties  of  the 
heavily  compacted  rowen. 
The  heat  which  is  developed 
in  the  preliminary  fer- 
mentation processes  and 
afterwards  increased  by  the 
progressive  chemical  «  de- 
composition of  the  rowen  is 
mostly  retained  in  the  in- 
terior of  the  stack  with 
but  little  loss  by  radiation. 

LOW-TEMPERATURE    CARBONI- 
ZATION THEORY  OF  MIEHE 

In  the  subsequent  de- 
velopment of  Ranke's  pyro- 
phoric carbon  theory,  a 
number  of  writers,  in  order 
to  avoid  the  difficulty  of 
explaining  high  tempera- 
tures, have  adopted  the 
view  that  carbonization  can 
be  produced  at  much  lower 
temperatures  than  the  250° 
to  300°  C.  which  Ranke 
employed  in  his  laboratory 
tests.  One  of  the  chief  supporters  of  the  low-temperature  carbon- 
ization theory  was  Miehe  (^i),  who  in  1907,  while  he  was  instructor 
in  botany  at  the  University  of  Leipzig,  published  a  very  instruc- 
tive little  book  upon  The  Spontaneous  Heating  of  Hay.  Miehe 
in  this  work  made  a  very  exhaustive  study  of  the  thermophilic 
microorganisms  that  are  concerned  in  the  spontaneous  heating  of 
hay,  chief  among  which  is  an  organism  discovered  and  named  by 
him  Bacillus  calf  actor.  The  general  conclusions  of  Miehe  upon  the 
biological  and  chemical  factors  that  are  involved  in  spontaneous 
heating  and  combustion  are  translated  from  the  following  summary 
given  at  the  close  of  his  book  {21^  p.  116-121) : 

That  heat  is  generally  produced  by  plants  is  made  apparent  when  they  are 
piled  together  in  large  quantities  as  already  indicated  by  Goppert.  In  such 
cases  the  outer  layers  hold  the  heat  back  so  that  it  can  not  escape  as  fast  as 
it  is  produced.  The  temperature  must  consequently  increase.  But  with  the 
rise  of  temperature,  the  intensity  of  respiration  also  increases,  this  in  turn 


Figure  2. — ^Vertical  section  of  hay  mow  damaged 
by  sjwntaneous  combustion  at  estate  Laufzorn, 
near  Munich,  October  19,  1872,  according  to 
description  of  Ranis e.  A',  completely  charred  hay  ; 
B,  partly  charred  hay  ;  C,  uninjured  hay.  After 
Medem  (20) 
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causing  more  heat  to  be  produced.  As  a  result  of  this  a  lar^e  part  of  the 
carboliydrates  (Sugar,  starch,  etc.)  is  consumed,  as  is  shown  by  tlie  results 
of  analyses  in  Chapter  111.  Finally  the  heat  becomes  so  great  that  it  kills 
the  plants,  which  thus  virtually  breathe  themselves  to  death.  Since  the 
thermal  death  point  for  grasses  is  about  45*,  this  will  be  the  temperature  at- 
tained by  such  living  plants  under  these  conditions.  The  increase  in  tempera- 
ture would  have  to  terminate  here,  were  it  not  ^or  the  development  of  the 
Bacillus  calf  act  or. 

The  above  remarks  apply  in  even  greater  degree  to  the  bacteria  and  molds. 
The  thermophilic  bacillus  germinates  rapidly  at  40°  and  multiplies  very 
quickly,  as  shown  in  Chapter  VII,  as  soon  as  it  can  utilizt^  the  excellent  supply 
of  nutrients  that  are  now  made  available  in  tlie  exuding  juice  of  the  dying 
plants.  Its  respiration  energy  will  become  correspondingly  intense,  so  that 
the  temperature  again  increases  until  the  maximum  for  this  bacillus  is  also 
reached,  that  is  to  say,  a  temperature  of  about  70°.  The  vegetative  organisms 
now  die  and  only  the  spores  are  left.  Spontaneous  heating  has  thus  reached 
its  highest  point. 

This   picture   of   the    process    of    siiontaneous    heating    only    applies    when 

wilted  plants,  that  is  to  say,  only  such  as  are  still  partly  alive  and  breathing, 

are  piled  together  in  large  heaps.    If  the  plant  tissues  are  already  dead,  then 

the  microorganisms  are  the  only  agencies  that  accomplish  the  whole  process." 

******* 

During  the  whole  course  of  spontaneous  heating  large  quantities  of  the 
imbibed  water  contained  in  the  hay  are  evaporated,  so  that  the  hay  becomes 
gradually  dry.  In  this  way  heat  is  naturally  used  up.  If  the  mass  of  ma- 
terial, which  is  undergoing  spontaneous  heating,  is  very  moist  then  the  pro- 
duction of  heat  will  be  correspondingly  slight,  since  it  is  self-evident  that  a 
large  amount  of  warmth  is  taken  up  in  raising  the  temperature  of  a  great 
quantity  of  liquid.  For  this  reason  the  dung  piles,  for  example,  which  Holde- 
fleiss  drenched  with  liquid  manure,  remained  much  cooler.  The  apparent 
greater  heating  propensity  of  those  dung  piles  that  were  treated  with  kainit 
and  mixtures  of  superphosphate  and  gypsum  depended  partly  upon  their  looser 
structure  and  partly  upon  the  partial  desiccation  which  resulted  from  the 
water  absorption  of  the  salts. 

Finally,  if  upon  the  basis  of  our  exi)erience  we  attempt  to  define  briefly  the 
conditions  under  which  spontaneous  heating  takes  place,  we  would  mention  two 
points  of  importance,  viz,  first  the  size  of  the  piles  and  second  the  water  con- 
tent of  the  hay. 

The  greater  the  piles  are  made,  the  quicker  the  maximum  temperature  will 
be  reached  and  the  hmger  the  heat  that  is  developed  will  be  retained,  since  the 
larger  quantity  provides  a  greater  reacting  mass  and  at  the  same  time  a  more 
effective  insulation.  It  can  readily  be  imagined  that  in  piles  of  many  tons  the 
high  temperature  may  be  maintained  for  months  in  the  entire  inner  core  with 
the  result  that  the  carbonization  proces^s  can  proceed  to  a  very  wide  stage.  If 
the  piles  are  smaller  (1  or  2  tons)  the  maximum  heat  may  indeed  be  still 
attained  but  the  temperature  diminishes  more  quickly.  Finally  with  still 
smaller  piles  only  slight  elevations  of  temperature  are  reached  and  the  cooling 
oflf  process  takes  place  even  more  rapidly. 

The  second  determining  factor  is  moisture.  Its  presence  in  sufficient  quan- 
tity is  absolutely  necessary  for  the  development  of  microorganisms.  If  the 
plants  are  very  juicy  or  if  the  mass  of  material  for  other  reasons  is  very  moist, 
it  will  then  sink  together  very  compactly  and  a  different  kind  of  fermentation, 
resembling  more  putrefaction,  will  develop,  which  is  probably  only  a  conse- 
quence of  the  more  limited  supply  of  oxygen.  Heating  will  also  develop  but,  for 
the  reasons  previously  indicated,  will  remain  comparatively  slight.  The  product 
will  resemble  manure.     Molds  especially  develop  with  excessive  moisture. 

With  an  average  moisture  content  of  36  per  cent,  such  as  is  found  in  wilted 
hay,  the  process  of  spontaneous  heating  proceeds  in  the  normal  way.  If  the 
water  content  is  lower,  spontaneous  heating  will  develop  only  incompletely,  in 
case  not  very  large  masses  of  hay  are  employed.  Completely  dry  hay  will  heat 
either  not  at  all  or  only  imperceptibly.  If  a  normal  course  of  spontaneous 
heating  is  desired,  as  in  the  preparation  of  "  brown  hay  ",  the  hay  should  have 
a  moisture  content  of  alM)ut  30  per  cent  and  be  piled  in  heaps  of  only  medium 
size.     Falk  repirds  about  2  to  2V2  tons  as  the  most  suitable  quantity. 

If  the  piles  are  very  large,  bad  consequences  develop  and  this  leads  us  finally 
to  an  exceedingly  important  practical  question,  namely,  that  of  spontaneous 
combustion. 
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What  is  the  connection  between  spontaneous  heating  and  spontaneous  com- 
bustion? That  both  processes  do  not  have  a  common  origin  but  only  exceed- 
ingly indirect  relations  to  each  other,  is  evident  from  our  preceding  discussions 
without  further  remarks.  Microorganisms  can  never  produce  by  their  vital 
processes  a  higher  temperature  than  they  can  endure  themselves.  Yet  for  the 
ignition  of  hay-like  substancesi  a  temperature  of  at  least  300°  is  necessary. 
How  can  this  happen? 

I  would  like  at  this  point  to  quote  in  a  few  words  a  case  of  spontaneous 
combustion  which  was  observed  and  described  33  years  ago  by  H.  Ranke  with 
most  satisfactory  attention  to  details  and  which  i>ossesses  an  especial  value 
because  of  the  exiierimental  evidences  attached  thereto  (the  only  ones  of  their 
kind  so  far  as  I  am  aware). 

As  the  account  of  Ranke's  observations  and  experiments  has  al- 
ready been  quoted,  Miehe's  abstract  need  not  be  given.  After  men- 
tioning that  Eanke  was  unable  to  explain  how  a  temperature  of 
300°  C.  could  develop  in  the  interior  of  a  haystack,  Miehe  continues: 

We  need  at  this  point  before  everything  else  new  observations.  It  should  be 
established  how  high  the  temperature  can  rise  in  a  large  hay  stack  of  some 
25  tons  which  is  allowed  to  remain  in  a  completely  undisturbed  condition.  It 
would  not  be  permissible  to  make  the  measurement  in  the  usual  manner  of  bor- 
ing in  a  hole  and  inserting  a  tliermometer.  Instead  of  this  a  maximum  regis- 
tering thermometer  or  better  a  thermometer  with  self-registering  distant  con- 
nection should  be  previously  packed  inside.  If  holes  are  bored,  the  possibility 
is  not  excluded  that,  by  the  action  of  the  copious  supply  of  entering  oxygen,  the 
actual  ignition  process  may  start  and  the  temperature  go  up.  By  such  a  meas- 
urement as  this  a  great  deal  of  light  wou.d  be  thrown  upon  the  whole  process. 
I  regard  it  as  highly  possible  that  a  higher  temperature  than  70°,  or  at  the 
utmost  80°,  would  never  be  observed. 

I  believe  that  carbonization  may  indeed  take  place  even  at  this  tempera- 
ture, for  it  must  be  considered  that  the  action  continues  for  a  considerable  time, 
even  for  months.  The  hay  undergoes  so  to  speak  a  dry  distillation,  in  which 
the  elements  of  the  organic  compounds  are  rearranged;  new  volatile  com- 
pounds of  simpler  composition  are  set  free  and  the  material  remaining  behind 
approaches  more  and  more  the  composition  of  pure  carbon.  That  oxidations 
still  take  place  above  75°  and  80°  has  already  been  indicated  by  the  exper- 
iments of  Schlosing  and  of  Boekhout  and  DeVries.  The  carbon  is  of  an  ex- 
tremely fine  porous  structure,  each  cell  retaining  its  structure.  It  is  plausible 
to  suppose  that  such  carbon  may  condense  oxygen  in  a  manner  similar  to 
finely  divided  platinum  (platinum  sponge).  It  would  then  perhaps  similar 
to  platinum  sponge  acquire  a  strong  oxidizing  power  and  perform  oxidations 
that  would  be  possible  normally  only  at  a  much  higher  temperature.  It  could 
exercise  this  oxidizing  effect  either  upon  itself  or  upon  the  absorbed  easily 
oxidizable  gases,  such  as  hydrogen,  phosphine,  volatile  hydrocarbons  (methane, 
ethylene,  etc.),  that  are  produced  by  the  slow  distillation  or  decomposition  of 
the  organic  constituents  of  the  hay.  Such  oxidations  might  perhaps  take  place 
even  in  undisturbed  piles  of  hay  after  a  certain  interval  of  time  when  the 
ingress  of  oxygen  was  limited.  The  temperature  would  then  slowly  increase. 
Or,  as  seems  more  probable,  the  oxidations  would  develop  only  when  an  abun- 
dance of  oxygen  can  enter,  or  in  other  words  when  the  pile  is  torn  open  or  when 
air  passages  are  created  intentionally  or  unintentionally.  In  fact  it  is  the 
general  concensus  of  opinion  (see  Medem  and  other  writers)  that  ignition  is 
only  produced  when  free  entrance  is  given  to  the  air  by  the  insertion  of 
poles,  construction  of  air  pits,  opening  up  of  the  stack,  etc. 

An  approximate  picture  of  the  process  of  spontaneous  combustion  might  be 
constructed  in  the  above  way.  Complete  certainty  can  be  realized,  however, 
only  (to  repeat  my  former  statement)  when  it  has  been  definitely  established 
how  high  the  temperature  can  go  in  an  undisturbed  hay-stack  of  great  dimen- 
sions and  how  long  a  temperature  of  70°  can  be  maintained  there.  In  the 
second  place  it  must  be  demonstrated  experimentally  whether  plant  materials 
at  this  temperature  and  within  this  time  can  be  converted  into  a  carbon-like 
mass,  that  is  to  say  whether  the  same  result  can  be  accomplished  at  medium 
tempi^ratures  over  a  long  period  of  reaction  that  is  attained  at  higher  tempera- 
tures in  a  short  period  such  as  in  the  dry  distillation  of  wood.  In  the  third 
place  it  must  be  shown  that  such  a  mass  will  ignite  spontaneously  if  pro- 
vision is  made  for  the  access  of  suflBcient  oxygen. 
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These  experiments  must  finally  be  made  both  with  and  without  the  pre- 
liminary action  of  microorganisms  in  oidir  to  determine  whether  the  latter 
provide  only  the  heat  or  also  the  (  asily  oxidizablo  compounds  which  in  one 
way  or  another  participate  in  the  conditions  that  give  rise  to  siiontaneous 
ignition. 

EXPERIMENTS  OF  HALDANE  AND  MAKGILL 

Miehe's  division  of  the  biological  phases  of  spontaneous  heating  into 
a  lower-temperature  period  of  chemical  oxidation  and  a  higher- 
temperature  period  of  microorganic  oxidation  was  confirmed  in  1923 
by  Haldane  and  Makgill  (/i),  who  determined  the  rates  of  absorp- 
tion of  oxygen  and  liberation  of  carbon  dioxide  in  a  sample  of  wetted 
hay  at  different  temperatures.  The  results  of  their  observations  are 
given  in  Table  1  {11,  p.  382). 

Tablb  1. — Rates  of  absorption  of  oxygen  and-  liberation  of  carhon  dioxide  by 

icctted  hay 


Duration 

of  ex- 
periment 


Hours 

1 

7 

m 

9H 
lOH 
22^ 
23J.4 
24^ 
24^4 
25H 
26% 
27H 
28% 
33% 
44^ 
45 
45% 
4GJ^ 
47H 
49 
50 
60W 
50% 

sm 

52% 
65 

5m 

esH 

71 

77H 
78H 
78H 


Tempera- 
ture 


38-41 


\    51-52 


I    00-62 


70-72 


81 
90-91 


Time  exposed 


20  minutes. 
65  minutes. 
IH  hours. -. 
2%  hours... 
3J^  hours... 
4%  hours... 
9%  hours.. - 
201.^  hours.. 

21  hours 

15  minutes- 

1  hour 

1%  hours... 
3)^  hours... 
4^^  hours... 
5  minutes -- 
20  minutes. 
50  minutes 
2]A  hours... 
4H  hours... 
8%  hours... 
17%  hours.. 
20H  hours.. 
3  hours 

f20  minutes. 
\35  minutes. 


Oxygen 
absorbed 
per  hour 
by  100 
grams 
of  hay 

Carbon 
dioxide 
produced 
per  hour 
by  100 
grams 
of  hay 

C.c. 

C.c. 

19.05 

14.58 

13.32 

9.72 

7.26 

6.80 

7.02 

5.81 

9.64 

9.75 

14.40 

18.72 

33.30 

35.64 

45.00 

67.88 

263.16 

295.  56 

277.68 

315.  57 

48.96 

64.42 

25.74 

37.55 

11.28 

11.28 

6.53 

7.12 

8.91 

14.85 

10.09 

13.80 

60.19 

55.40 

369. 36 

327.  24 

357.04 

314.28 

347.13 

299.25 

207.90 

176. 90 

189.72 

177.48 

212.65 

180.57 

196.02 

172.85 

67.02 

66.70 

12.85 

14.07 

12.24 

10.40 

14.11 

8.56 

8.65 

6.31 

7.77 

4.96 

5.94 

4.80 

6.30 

3.42 

12.75 

8.42 

18.36 

16.12 

23.04 
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In  commenting  upon  these  results  Haldane  and  Makgill  make  the 
following  remarks: 

At  first  sight  the  extraordinary  fluctuations  in  the  rate  of  oxidation  during 
this  exi)eriment  might  seem  unintelligible;  but  in  reality  these  fluctuations  not 
only  confirm  the  bacteriological  conclusions  of  Miehe,  but  show  that  side  by  side 
with  the  bacterial  oxidation  there  is  what  may  be  distinguished  as  a  simple 
chemical  oxidation.  The  latter  oxidation  diminishes  with  lapse  of  time  in  a 
manner  similar  to  the  chemical  oxidation  of  coal  at  low  temperatures,  but  is 
more  complete,  as  shown  by  the  fact  that  the  volume  of  carbon  dioxide  liberated 
corresponds  much  more  nearly  to  the  oxygen  which  disappears. 
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It  seems  evident  that  during  the  first  four  hours  the  oxidation  was  a  simple 
chemical  one,  diminishing  in  the  usual  manner  as  the  oxidisable  material 
became  exhausted.  Meanwhile,  however,  bacteria  were  developing  owing  to 
the  moisture  and  after  six  hours  their  activity  began  to  sh(vw  itself  in  the 
measured  oxidation.  With  their  further  growth  the  oxygen  consumption  shot 
up,  during  the  next  16  hours,  to  about  60  times  the  value  of  the  chemical  oxida- 
tion. The  temperature  was  then  raised  to  51  deg.  Cent.  The  result  of  this  was 
to  kill  off  or  stop  tlie  activity  of  the  existing  B.  coU  organisms  and  lower  the 
oxidation  to  about  a  "sixteenth.  Meanwhile,  however,  the  spores  of  the 
thermophilic  B.  Calf  act  or  began  to  develop  ;  and  in  a  few  more  hours  the  growth 
of  thisi  organism  increased  the  oxidation  about  90  times.  Raising  the  tempera- 
ture to  61  deg.  Cent,  caused  only  a  limited  diminution  in  the  oxidation,  as  the 
B.  Calfactor  still  flourishes  fairly  well  at  this  temperature.  But  when  the  tem- 
perature was  raised  to  71  deg.  Cent,  there  was  an  enormous  fall  in  the  oxidation 
rate,  and  the  diminution  continued  still  further,  since  all  bacterial  activity  was 
suspended,  and  only  the  chemical  oxidation,  which  decreases  with  time  if  the 
temperature  is  constant,  was;  left.  A  further  raising  of  the  temperature  to 
81  deg.  Cent,  caused  a  temporary  increase  to  double  in  the  oxidation  rate,  and 
a  similar  result  occurred  on  raising  the  temperature  to  90  deg.  Cent. 

As  regards  the  "  chemical "  oxidations  at  the  higher  temperatures,  it  should 
be  remarked  that  they  would  almost  certainly  have  been  much  higher  if  the 
hay  had  not  already  been  exposed  to  oxygen  for  so  long  at  the  progi-essively 
rising  temperatures. 

Haldane  and  Makgill  noted  that  ha^^  which  had  been  fermented  by 
microorganisms  had  a  greater  absorptive  power  for  oxygen  than  un- 
fermented  hay  either  in  the  dry  or  wet  condition.  This  fact  would 
indicate  that  fermentation  had  produced  substances  of  a  more  easily 
oxidizable  character.  In  the  general  discussion  of  their  results  Hal- 
dane and  Makgill  make  the  following  interesting  statement : 

Although  the  spontaneous  firing  of  a  haystack  is,  like  that  of  a  mass  of 
broken  coal  or  other  easily  oxidisable  material  exposed  to  the  action  of 
oxygen,  due  to  an  oxidation  process,  the  process,  in  the  case  of  hay,  has  peculiar 
features  owing  to  the  initial  co-operation  of  living  organisms  in  the  oxidation 
process.  The  experiments  described  above  have  shown,  however,  that  there 
is  no  essential  difference  between  the  process  in  the  haystack  and  in  a  mass  of 
coal.  The  rapid  development  of  heat  in  a  large  mass  of  damp  hay  is  due 
almost  entirely  to  the  growth  and  activity  of  bacteria,  of  which  one  species 
raises  the  temperature  to  about  42  deg.  Cent.,  while  another  species,  which  then 
begins  to  grow,  can  take  the  temperature  to  near  70  deg.  Cent.  Oxidation, 
however,  occurs  in  the  damp  hay  at  ordinary  temperatures  at  a  limited  rate 
even  when  bacterial  action  is  absent ;  and  a  perfectly  sterile  haystack  would  be 
capable  of  spontaneous  firing  if  it  were  large  enough  and  were  given  sufficient 
time,  just  as  any  sufliciently  large  mass  of  broken  coal  is  capable  of  spontaneous 
firing.  As  was  pointed  out  by  one  of  us  in  discussing  the  spontaneous  firing 
of  coal,  the  cumulative  action  of  the  heat  carried  forward  by  the  air  currents 
which  establish  themselves  owing  to  convection  (or  to  ventilation  pressure  in 
the  case  of  gob  fires),  must  inevitably  lead  to  firing  unless  the  heat  produced 
can  escape  at  such  a  rate  as  to  stop  indefinite  rise  of  temperature. 

The  fact  that  haystacks  do  not  spontaneously  fire  more  frequently  is  in  the 
long  run  due  to  their  being  of  only  moderate  size.  With  stacks  below  a  certain 
size  the  hay  can  never  fire,  since  even  if  there  is  considerable  heating  from 
bacterial  activity  the  heat  produced  by  purely  chemical  activity  at  the  tempera- 
ture to  which  the  bacteria  have  been  able  to  raise  the  hay  is  too  small  to  balance 
the  loss  of  heat  from  the  surface. 

ENZYMIC-REDUCTION   THEORY   OF  TSCHIRCH 

The  hypothesis  of  the  formation  of  pyrophoric  carbon  by  the  dry 
distillation  of  hay  at  70°  C,  as  proposed  by  Miehe,  was  criticized  by 
Tschirch  (27)  of  the  University  of  Bern  in  1917.  Tschirch  at  the 
same  time  advanced  a  new  theory  which  is  based  upon  the  reaction  of 
reducing  enzymes.  The  following  extract  is  translated  from  his 
article  upon  the  subject  (^7,  p.  133^137) : 
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The  combustion  of  hay  destroys  annually  in  Switzerland  millions  of  value 
which  might  be  saved  to  the  country  if  thore  were  some  moans  of  preventing 
tliese  flies  entirely  or  at  least  of  chocking  them.  A  preriniuisite  for  preventing 
the  tiros,  however,  is  to  l^now  how  they  are  pro(luce<l.  Thei-e  lias  indeed  been 
no  lack  of  explanations.  The  explanations  most  generally  accepted  regard  the 
cause  as  an  accelerated  intermolecular  respiration  in  the  interior  of  the  still 
living  plant  cells  which  produces  as  a  consequence  an  increase  in  temperature 
and  thoroby  creates  favorable  conditions  for  the  development  of  microoi*gan- 
isms.  Respiration  is  thought  to  raise  the  temperature  to  40°,  and  activity  of 
microorganisms  to  70°  and  more.  At  this  temperature  a  "dry  distilla- 
tion "  is  then  thought  to  take  place  which  gives  rise  to  a  combustible  gas  and 
pyrophoric  carbon  and  then  to  an  ignition  of  the  combustible  gas.  This  explana- 
tion is  manifestly  w^rong,  as  a  simple  consideration  of  the  matter  will  show. 
Let  us  examine  its  arguments.  By  respiration  in  the  plant  physiological  sense 
we  mean  a  process  opposite  to  assimilation  as  a  result  of  which  oxygen  is 
consumed  and  carbon  dioxide  produced,  in  other  words  a  gas  is  generated  that 
has  preeminently  the  property  of  preventing  ignitions  and  of  extinguishing 
firos.  By  dry  distillation  we  understand  a  reduction  process  that  is  produce<l 
only  far  above  70°  as  a  result  of  which  materials  are  broken  down  in  the 
closed  retort  to  simple  hydrocarbons  of  the  aliphatic  series,  with  a  simultane- 
ous reduction  of  carbon  dioxide  to  carbon  monoxide  and  a  formation,  by  the  red 
hot  walls  of  the  retort,  of  aromatic  hydrocarbons  by  a  process  of  ring  closure. 
The  temperature  in  the  retorts  of  our  illuminating  gas  factories  exceeds  1000*. 
At  no  phase  of  the  process  is  there  any  formation  of  pyrophoric  carbon.  Com- 
blistible  gas  can  therefore  not  be  produced  in  a  haystack  and  if  it  is  not  pro- 
duced it  can  consequently  not  ignite. 

"We  are  therefore  compelled  to  abandon  the  above  cited  explanation  and 
must  look  for  another. 

In  connection  with  a  study  of  the  processes  that  take  place  in  the  drying  of 
medicinal  plants  I  have  encountered  a  series  of  experiences  which  I  would  like 
to  make  the  basis  of  a  new  "Haystack  Theory."  The  fundamental  reaction 
which  takes  place  in  a  haystack  that  is  heating  and  approaching  a  final  state 
of  ignition  is  an  intercellular  enzumio  reductwm  process  which  involves,  even 
at  a  moderate  increase  in  temperature,  the  amino  acids  of  the  plasma  as  well  as 
the  saccharides  of  the  tissues  and  cell  contents  and  results  in  a  splitting  off  of 
oxygen.  A  rapid  evolution  of  oxygen  has  also  been  recognized  in  numerous  other 
cases  (I  need  only  mention  calcium  chlorate  explosion)  as  a  cause  of  explo- 
sions and  haystack  fires  are  an  exact  picture  of  explosion  fires. 

Plant  cells  contain  a  complex  of  different  enzymes,  partially  antagonistic, — 
oxydases,  reiluctases,  hydrolases,  etc. — which  either  do  not  react  at  all,  or  only 
very  slightly,  (that  is  to  say  are  in  a  state  of  inactivity)  at  ordinary  temper- 
ature in  the  cells  that  have  become  low  in  water  content  as  a  result  of  drying 
out  and  which  even  in  the  colls  of  somewhat  higher  water  content  of  half 
dried  thinly  spread  hay  exercise  no  special  action  at  moderate  temperature. 
(In  this  connection  it  should  be  remarked  that  the  discoloration  of  grass  when 
It  is  changed  to  hay  is  only  partially  due  to  enzymes  and  is  to  be  attributed 
principally  to  the  action  of  the  acid  juice  of  the  coll  upon  the  chlorophyll). 
If,  however,  half  dried  hay  is  packed  tightly  together  in  a  thick  layer,  the  most 
easily  reacting  oxydases  (oxydation  ferments  or  oxydizing  enzymes)  are  the  first 
to  become  active. 

This  first  phase  of  the  reaction  is  the  first  nondangerous  stage  that  is  asso- 
ciated with  only  a  slight  increase  of  temperature.  It  is  an  oxydation  or  com- 
bustion process  that  involves  a  consumption  of  oxygen.  As  soon  as  the  oxygen 
is  nsod  up,  however,  the  activity  of  thoi  reductases  (reduction  ferments  or  re- 
ducing enzymes)  sets  in.  They  find  points  of  attack  in  all  the  oxygen-contain- 
ing constituents  of  the  cell  contents  and  coll  membrane.  In  the  cell  contents 
they  find  the  polypeptids  of  the  richly  albuminous  plasma,  which  are  built  up 
of  amino  acids,  that  is  to  say  structures  of  the  tyi>e  of  aspartic  acid 
COOHCHjCHXlIaCOOn.  In  the  membranes,  starch  and  sugar  thoy  find  poly- 
saccharids,  highly  oxygenated  structures  of  the  type  of  CH2OH  CHOH  CHOH 
CHOH  CHOH  COH.  Cellulose,  for  example,  contains  51%  and  aspartic  acid 
48%  oxygen.  The  reduction  process  which  advances  rapidly  with  rising  tem- 
IKjrature  is  the  second  dangerous  stage  which  sets  in  about  50°-70°.  At  these 
ranges  of  temperature  the  reductases  apparently  attain  their  optimum  of  ac- 
tivity. Very  favorable  conditions  for  their  action  exist  especially  in  the  In- 
terior of  a  haystack  where  all  the  oxygon  is  consumed  by  oxydases.  The  dis- 
integration process  reaches  its  maximum,  therefore,  in  the  interior  of  the  hay- 
stack and  can  proceed  here  to  complete  carbonization,  preceding  which  in  a 
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preliminary  stage,  there  are  first  produced  brown  colored  intermediary  prod- 
ucts, that  still  contain  H  and  O,  and  which  also  constitute  the  basis  for  the 
color  of  "  brown  hay  ".  The  abundant  supply  of  oxygen,  that  is  suddenly  made 
available  in  the  reduction  process  within  the  firmly  packed  haystack,  where  no 
outlet  is  possible  for  the  generated  gas,  leads  finally  as  in  so  many  other  cases 
to  an  explosion,  that  is  to  say  to  a  rapid  combustion  of  the  available  carbon 
compounds,  both  those  reduced  asi  well  as  those  still  unreduced.  The  heat 
that  is  generated  in  the  reduction  process  cannot  alone  explain  the  ignition 
since  this  never  mounts  to  the  ignition  temperature  of  cellulose.  It  is  only 
the  generation  of  oxygen  and  the  occurrence  of  an  explosion  that  explains 
satisfactorily  the  ignition. 

That  bacteria  are  concerned  in  the  process  which,  takes  place  in  a  heating 
haystack  appears  improbable.  The  course  of  the  process  does  not  in<iicate  this. 
At  any  rate  they  play  only  a  secondary  ro!e. 

BURRI'S  THEORY  OF  HEAT-RESISTING  ENZYMES 

In  1919  Burri  (6),  director  of  the  Swiss  Dairy  and  Bacteriological 
Station  of  Bern-Liebefeld,  proposed  a  somewhat  modified  view  of 
the  enzymic  theory  of  spontaneous  heating.  The  following  extract 
is  translated  from  his  article  (6,  p.  30-^2)  : 

That  hay  or  other  plant  material  of  low  water  content  can  undergo  spon- 
taneously in  the  presence  of  oxygen  an  increase  in  temperature  from,  say, 
45°  to  70°  C.  as  the  result  of  a  simple  oxidation  process,  intensified  subse- 
quently by  catalytic  agents,  appears  in  the  first  place  highly  improbable.  In 
the  next  place  we  observe  that  in  the  processes  of  spontaneous  heating,  and 
especially  wuth,  hay,  the  temperature  frequently  exceeds  70°  and  reaches  limits 
in  which  the  life  of  microorganisms  or  the  activity  of  the  usually  very  delicate 
enzymes,  whether  of  microbial  or  plant  cellular'  origin,  is  absolutely  excluded. 
If  now  with  the  exclusion  of  biochemical  factors  temperatures  of  80°,  90°  and 
more  can  be  reached  in  haystacks,  in  which  only  purely  chemical  heat  sources 
could  be  involved,  then  the  view  appearsi  plausible  that  these  same  sources  are 
already  active  at  lower  temperatures,  as  between  50°  and  70°.  This  idea  is  in 
conformity  with  the  previously  mentioned  oxidation  experiments  of  Boekhout 
and  de  Vries  upon  hay  and  tobacco  leaves  in  closed  glass  tubes.  The  fact 
that  the  temperature  inside  of  the  large  heaps  of  tobacco  leaves,  such  as  are 
seen  in  industrial  use,  can  rise  to  60°  and  more  without  there  being  any  de- 
tectible  important  development  of  microorganisms,  may  also  be  pointed  out  in 
favor  of  an  oxidation  process,  unless  one  excludes  the  idea  that  the  respiration 
enzymes  are  still  active  at  higher  temi)eratures  than  is  ordinarily  supposed. 
The  latter  possibility  will  be  referred  to  again  later.  If  Miehe  shows  that 
sterilized  hay  is  not  capable  of  spontaneous  heating,  that  is  not  a  suflicient 
proof  that  chemical  oxidation  processes  do  not  play  any  role  In  temperature 
ranges  of  50°  to  70°  since  the  sterilization  process  might  produce  changes  in 
the  plant  that  are  unfavorable  to  subse^iuent  oxidation. 

Briefly  it  can  be  said  that  good  reasons  exist  for  the  view  that  in  hay  which 
is  suflSciently  wet,  after  excluding  the  heat  of  plant  respiration,  a  further  in- 
crease in  temperature  can  be  produced  by  a  chemical  oxidation  process. 
Whether  the  intensity  and  duration  of  this  process  would  be  sufficient  to  intro- 
duce the  third  undoubtedly  purely  chemical  heat-production  phase  of  70°  C. 
and  upwards  remains  an  open  question  although  it  seems  improbable. 

At  least  the  microbiological  theory  is  as  convincing  as  the  oxidation  theory 
for  explaining  the  temperature  increase  from  45°  to  70°  C.  According  to  this 
theory,  which  at  present  seems  to  have  the  preference,  the  heat  prcxluced  by 
respiration  and  subsequently  by  the  bacteria  whose  growth-optimum  lies  around 
40°  gives  rise  to  conditions  for  the  development  of  the  thennophilic  microorgan- 
isms which  because  of  their  adaptation  to  high  temperatures  flourish  best  be- 
tween 40°  and  70°  and  are  therefore  in  position  by  their  action  upon  various 
substances  to  produce  perceptible  amounts  of  heat.  As  already  mentioned 
the  Bacillus  calfnctor  according  to  Miehe's  investigations  is  thought  to  be  espe- 
cially active  in  hay  and  to  be  able  to  raise  the  heat  from  45°  to  70°.  This 
view  however  is  not  yet  definitely  established.  There  are  lacking,  for  example, 
in  the  cases  of  spontaneous  heating  communicated  in  Miehe's  work,  continuous 
quantitative  bacteriological  tests  from  which  it  can  be  concluded  that  a  causative 
connection  exists  as  stated  between  increase  in  number  of  organisms  and 
increase  in  temperature.     It  must  be  considered  also  that  the  simultaneous 
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occurrence  of  the  thi*ee  factors,  nutrients,  warmth  and  moisture  produces 
under  ail  conditions  a  more  or  less  luxuriant  bacterial  vegetation,  a  condition 
that  can  easily  give  rise  to  a  confusion  of  cause  and  effect.  We  have  seen 
In  the  case  of  tobacco  that  a  marked  temi)erature  increase  (up  to  60°)  can 
result  without  any  apparently  noticeable  development  of  bacteria.  The  same 
causes  could  be  operated  in  hay  as  in  tobacco,  while  in  addition  a  somewhat 
higher  moisture  content  might  favor  perhaps  a  certain  microflora,  which  in  this 
case  should  be  regarded  not  as  the  cause  but  as  the  result  of  the  wannth. 

Now  with  regard  to  the  enzymatic  theory  of  spontaneous  heating,  this  at 
first  sight  has  something  enticing,  at  least  so  far  as  the  oxidizing  enzymes  are 
concerned.  These  latter  may  be  identified,  without  further  argument,  with 
the  respiration  enzymes  and  I  am  inclined  to  attach  a  greater  importance  to 
them  for  spontaneous  heating  than  has  generally  been  done,  and  especially  upoa 
the  basis  of  the  following  argument 

The  experiments  conducted  by  plant  physiologists  upon  the  course  of  respira- 
tion at  higher  temi^eratures  have  showed  that  with  increasing  temi)erature  the 
respiration  becomes  more  and  more  intense,  until  it  ceases  quite  suddenly  at 
a  temijerature  that  lies  between  45°  and  50°  C.  which  thus  indicates  the  death 
of  the  plant.  We  know,  however,  that  enzymes  are  not  equally  sensitive  under 
all  conditions  and  this  is  especially  true  if  they  occur  in  tissues  that  have  a 
relatively  low  water  content.  Certain  plant  seeds,  for  example,  which  we  know 
also  respire,  can  be  heated  to  100°  and  over  without  losing  their  germinating 
power.  In  this  case  the  lower  water  content  of  the  material  protects  the 
enzymes  against  the  injurious  action  of  a  high  heat.  In  a  similar  way  perhaps 
the  moderate  drying  of  grasses  and  plants,  customary  in  hay  making,  might 
put  the  enzymes  that  they  contain  into  a  more  resistant,  although  less  active, 
condition  which  would  have  the  result  that  the  process  of  heat  formation  result- 
ing from  respiration  would  become  quiescent  not  at  45°  or  50°  but  perhaps  at 
60°  C.  or  higher.  In  case  this  supposition  should  be  correct,  there  would 
then  be  the  possibility  that  the  increase  in  heat  might  lead,  without  tlie  coopera- 
tion of  bacteria,  to  a  temperature  level  where  purely  chemical  and  physical 
processes  would  be  able  to  take  over  the  process  of  further  heat-production.  I 
would  like  to  give  an  enzymic  theory  of  spontane<JUs  heating,  modified  in  the 
manner  just  indicated,  equal  consideration  with  the  oxidation  and  microbio- 
logical theory.  On  the  other  hand  I  am  unable  to  accept  the  hypothesis  pro- 
posed by  Tschirch  that  in  the  especially  important  temperature  range  of  50° 
to  70°  C.  reiluction  enzymes  play  the  imi>ortant  part  In  the  first  place  it  would 
be  pertinent  to  remark  that  the  biochemical  reduction  processes  which  tiike  place 
in  a  lack  of  oxygen  with  plant  cells  such  as  microorganisms,  would  be  able  to 
liberate  only  moderate  amounts  of  heat  and  that  therefore  an  actual  spontaneous 
heating  could  hardly  develop.  In  the  second  place  it  can  be  stated  that  in  such 
prt>cesses,  at  least  so  far  as  I  am  aware,  molecular  oxygen  is  not  produced  but 
the  oxygen  undergoes  a  change  of  grouping  with  other  elements  of  certain 
molecules  as  a  general  result  of  which  the  larger  molecules  are  split  into 
smaller  ones.  The  latter  are  partly  less  and  partly  more  strongly  oxidized  than 
the  unsplit  molecule.  To  the  most  abundant  highly-oxidized  products  of  a 
metabolism,  that  takes  place  without  the  participation  of  free  oxygen,  belong  the 
simple  carbon  acids  and  carbon  dioxide.  In  agreement  with  this  view  the  plant 
masses  whi<'h  have  been  subjected  to  spontaneous  heating  always  contain 
considerable  amounts  of  free  acids,  and  so  far  as  the  gases  contained  in  the 
interior  of  such  heated  masses  have  been  examined  up  to  the  present  time,  car- 
bonic acid  has  been  found  in  excess  with  oxygen  and  nitrogen, — the  oxygen  as 
a  matter  of  fact  in  smaller  amount  than  cori*esponds  to  the  relation  of  oxygen 
to  nitrogen  in  the  air.  The  amount  of  oxygen  found  is  obviously  only  the  re- 
maining atmospheric  oxygen  that  has  not  yet  been  used  for  oxidations. 

HILDEBRANDrS  CRITICISMS  OF  THE  ENZYMIC  THEORIES 

The  enzymic  theory  of  spontaneous  heating  as  proposed  by  Tschirch 
and  later  modified  by  Burri  has  recently  been  contested  in  an 
important  paper  by  Hildebrandt  {13^  p.  JfSS-JfSJf)  from  whose  work 
the  following  paragraphs  are  translated : 

In  my  experiments  I  was  able  to  confirm  again  the  discovery  made  previously 
by  Cohn   (1893)   and  by  Miehe  (1907),  that  in  sterilized  material,  which  was 
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incapable  of  spontaneous  heating,  an  Inoculation  with  microorganisms  could 
elevate  the  tenriierature  far  beyond  50°,  as  soon  as  these  forms  of  life  could 
multiply  sufficiently  in  this  substance.  This  observation  alone  did  not  make 
it  possible,  however,  to  draw  any  direct  conclusion  as  to  the  cause  of  the 
spontaneous  heating  of  hay;  especially  the  question  as  to  the  heat  producing 
activity  of  plant  enzymes  remained  unexplained.  Since  I  experimented  only 
with  dead  hay  only  the  post-mortal  acting  respiration  enzymes  of  the  hay 
itself  or  the  excreted  enzymes  of  the  microflora  are  involved  in  any  such 
production  of  heat.  I  therefore  attempted  to  find  an  experimental  answer  to 
the  question. 

If  the  water  content  of  the  hay  was  so  regulated  that  the  development  of 
the  organism  flora  was  just  excluded,  then  the  capacity  for  spontaneous  heat- 
ing was  also  prevented.  The  treatment  of  the  hay  with  different  antiseptics 
which  so  far  as  could  be  determined  suppressed  the  organisms  but  not  the 
enzymes  produced  the  same  results.  Also  the  addition  of  a  germ-free  oxydase- 
containing  pressed  juice  into  the  sterile  hay  caused  no  increase  in  temperature 
(I  have  already  explained  in  Chapter  I  how  Tschirch  and  Burri  attribute  the 
initial  stage  of  spontaneous  heating  to  the  activity  of  oxydases).  On  the 
other  hand  old  meadow  hay  underwent  heating  in  a  perfectly  normal  way 
although  after  carefully  rubbing  with  a  little  water  in  a  mortar  it  showed  not 
the  slighest  oxydase  reaction  while  fresh  grass  and  potato  sprouts,  for  example, 
gave  a  distinct  positive  reaction  with  the  test. 

These  experiments  did  not  give  any  support  to  the  theory  of  heat  production 
by  the  activity  of  oxydases.  That  Tschirch's  view  of  a  further  development  of 
heat  beyond  45°-50°  by  the  action  of  reductases  is  untenable  I  believe  to  have 
shown  in  my  previous  experiment  No.  9.  This  experiment  had  for  its  original 
purpose  only  the  establishment  of  an  estimate  of  the  oxygen  consumption  of 
a  mass  of  hay  in  an  active  state  of  spontaneousi  heating  and  it  showed  that 
the  supply  of  oxygen  in  a  0.1  cubic  meter  bell  jar  was  already  completely  used 
up  at  47°  C.  If  the  Tschirch  hypothesis  were  then  correct,  the  activity  of  the 
reductases  after  consumption  of  all  the  oxygen  should  have  set  in  at  47°  O. 
without  fail  and  the  heating  should  have  at  least  gone  to  the  temperature 
(63l^°)  obtained  exiDerimentally  under  normal  conditions.  Likewise  experi- 
ment 17d,  in  which  an  addition  of  possibly  occurring  microbial  enzymes  was 
tried  upon  sterile  hay,  gave  a  negative  result.  Spontaneous  heating  could  not 
be  produced. 

The  experiments  that  were  undertaken  showed  without  exception  that  a 
separation  of  spontaneous  heating  and  microbial  life  was  impossible.  A  com- 
pletely decisive  answer  as  to  the  causes  of  spontaneous  heating  can,  however, 
not  yet  be  given  notwithstanding  the  complete  agreement  of  the  experiments. 
There  still  remains  especially  the  objection  that  not  only  the  organisms  but 
also  the  plant  enzymes  were  checked  by  the  disinfection  that  was  used,  or  that 
in  the  addition  of  the  expressed  plant  juice  to  sterile  hay  the  enzymes  did  not 
reach  the  hay  in  an  active  condition.  An  absolutely  definite  experimental 
answer  to  the  question  of  whether  microorganisms  or  enzymes  are  the  pro- 
ducers of  spontaneous  heating  can  be  given  only  when  it  is  possible  to  obtain 
successfully  a  sufficient  quantity  of  a  pure  cultural  extract  (material  that  is 
free  from  microorganisms)  of  the  higher  plants  and  then  to  investigate  this, 
after  the  cessation  of  all  life  in  the  hay,  with  resi)ect  to  gas  exchange  and 
after  germ-free  packing  with  respect  to  capacity  for  spontaneous  heating. 

Meanwhile  the  defenders  of  the  enzymic  theories  of  spontaneous  heating 
must  for  a  long  time  bear  the  burden  of  proving  convincingly  the  correctness 
of  their  views.  So  far  as  can  be  determined  experimentally  everything  indi- 
cates with  the  highest  degree  of  probability  that  the  spontaneous  heating  of 
hay  is  due  to  the  metabolic  activities  of  microorganisms. 

THE  CATALYTIC  OXIDATION  THEORY  OF  BOEKHOUT  AND  DE  VRIES 

As  the  result  of  a  long  series  of  investigations  upon  the  heating 
of  hay  and  tobacco,  Boekhout  and  De  Vries  (3)  of  the  Agricultural 
Experiment  Station  of  Hoorn,  Holland,  conclude  that  microorgan- 
isms play  no  part  in  the  phenomenon,  which  they  attribute  to  purely 
oxidative  chemical  processes.  Their  theory  is  based  upon  the  sup- 
position that — 

the  chemical  exothermic  decompositions  which  produce  this  phenomenon  owe 
their  origin  to  the  interaction  of  substances  that  occur  in  the  cell  juice,  proto- 
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plasm  and  cell  wall  of  plants,  that  is  to  say  substances  that  exist  already 
fonned  or  that  arise  during  the  drying  of  the  grass  as  a  result  of  interniolec- 
ular  respiration  or  other  cause.  Unfortunately  the  experiments  that  were 
undertaken  with  the  purpose  of  identifying  these  substances  did  not  lead  to 
the  desired  result.  Neither  treatment  with  water  nor  with  2  per  cent  alkali 
s(>lution  nor  with  the  3  per  cent  hydrochloric  acid  could  effect  a  separation  of 
groups  of  bodies  that  were  capable  of  chemical  inter-reaction.     (3,  v.  21,  p.  398.) 

As  a  result  of  further  investigations  upon  the  subject  Boekhout 
and  De  Vries  came  to  the  conclusion  that — 

the  spontaneous  heating  of  hay  is  an  oxidation  process  in  which  the  iron  that 
occurs  naturally  in  the  plant  acts  as  a  catalyzer.  The  pa  it  which  water  plays 
In  the  process  is  (1)  that  of  converting  the  pentosans  and  nitrogen  free  ex- 
tracts into  a  state  of  easy  oxidizability  and  (2)  that  of  causing  a  dissociation 
of  the  iron  compounds  with  a  greater  production  of  free  iron-icms  that  intensify 
the  catalysis.  In  accordance  with  this  view  any  cause  that  produces  an  in- 
crease in  the  iron  content  of  the  plant  gives  rise  to  a  predisposition  on  the 
part  of  the  hay  obtained  therefrom  to  undergo  spontaneous  heating.  (5,  v.  21, 
p.  407.) 

That  the  pentosans  of  hay  are  particularly  subject  to  oxidation 
was  demonstrated,  according  to  Boekhout  and  De  Vries  (J,  v.  44",  V- 
SOS)^  by  the  fact  that  furfural  could  be  detected  in  the  gaseous 
products  obtained  from  the  fermenting  hay. 

LAUPPER'S  THEORY  OF  PYROPHORIC  IRON 

In  1917  Laupper  (i/'),  a  chemist  of  Zurich,  Switzerland,  who  has 
probably  observed  more  actual  occurrences  of  the  spontaneous  com- 
bustion of  hay  than  has  any  other  student  of  the  subject,  made  the 
announcement  that  it  was  not  pyrophoric  carbon  which  caused  hay 
to  ignite  spontaneously,  as  had  hitherto  been  supposed,  but  pyro- 
phoric iron.  By  treating  pyrophoric  carbon  prepared  from  hay 
according  to  Eanke's  method  with  concentrated  hydrochloric  acid 
in  order  to  remove  all  occluded  iron  particles  and  then  heating  the 
washed  residue  to  redness  in  a  test  tube,  Laupper  found  that  the 
carbon  had  lost  its  pyrophoric  properties.  If,  however,  the  ex- 
tracted carbon  be  moistened  with  a  solution  of  an  iron  salt  and  again 
heated,  the  original  pyrophoric  quality  is  regained,  the  proc- 
ess being  similar  to  the  production  of  pyrophoric  iron  by  heating 
iron  oxalate.  The  conclusion  was  therefore  formed  that  it  was 
pyrophoric  iron  and  not  pyrophoric  carbon  which  caused  the  car- 
bonized hay  to  ignite.  Later  experiments  by  Laupper  showed,  how- 
ever, that  the  iron  which  occurs  naturally  in  hay  in  organic  or  in- 
organic combination  is  not  rendered  pyrophoric  except  at  a  tem- 
perature of  about  280°  C.  The  problem  of  explaining  the  elevation 
in  temperature  between  the  70°  or  80°  which  marks  the  termination 
of  biological  processes  in  the  hay  and  the  280°  required  for  spon- 
taneous ignition  was,  therefore,  no  nearer  solution  than  before. 
Laupper  was  therefore  induced  to  subject  the  so-called  haystack 
problem  to  another  critical  study,  the  results  of  which  are  contained 
in  an  exhaustive  report  with  historical  introduction  and  very  full 
bibliography  in  the  Landwirtschaftliches  Jahrbuch  der  Sch^veiz  for 
1920  {17,  p.  ISJf),  The  following  schematic  diagram  (Table  2) 
gives  a  summary  of  Laupper 'g  conclusions  with  regard  to  the  sup- 
posed development  of  the  chemical  changes  that  take  place  in  the 
spontaneous  heating  of  hay  between  20°  and  340°  C. 
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The  temperatures  noted  in  Laupper's  diagram  pertain  only  in  the 
very  lowest  ranges  to  the  haystack  as  a  whole,  whereas  those  in  the 
higher  ranges  are  confined  entirely  to  a  very  localized  section  of  the 
stack,  the  so-called  hot  pocket,  fire  pocket,  or  combustion  chamber 
(Warmekammer,  Brandherd,  etc.),  which  is  the  principal  seat  of 
chemical  activities.  The  first  requisite  for  the  formation  of  such  hot 
pockets  is  thorou";h  insulation,  and  this  is  furnished  most  effectively 
by  the  hay  itself,  which,  when  forked  into  mows  or  stacks,  forms 
regular  compact  layers  that  prevent  the  escape  of  heat  by  radiation. 
Even  when  apparently  dry,  hay  contains  a  considerable  quantity  of 
moisture,  and  the  still-living  plant  cells,  especially  when  the  grassy 
tissues  have  been  crushed  or  bruised  by  stamping  or  treading,  begin 
to  develop  heat  by  respiration,  oxygen  being  absorbed  and  carbon 
dioxide  evolved. 

The  heat  that  is  generated  by  plant  respiration  and  the  activity 
of  microorganisms  displaces  a  considerable  quantity  of  moisture  that 
condenses  m  the  overlying  strata  of  hay,  making  the  hay  soft,  dis- 
solving the  soluble  carbohydrates,  pectins,  gums,  and  albuminous 
materials,  and  cementing  the  whole  layer  into  a  compact  nonconduct- 
ing cake  (Laupper's  heufladen),  which  acts  as  a  very  efficient  in- 
sulator to  the  heat  that  is  being  generated  in  the  pocket  underneath. 
Ammonia,  formic  acid,  and  other  volatile  products  begin  to  be 
evolved,  and  the  sugars  start  to  carbonize  as  a  result  of  the  action 
of  the  ammonia  in  the  presence  of  heat,  with  splitting  off  of  chemi- 
cally combined  water.  Chemical  reactions  are  now  intensified  in 
the  hot  pocket,  and  as  the  temperature  approaches  100°  C.  there  is 
a  rapid  distillation  of  water,  the  consumption  of  heat  for  this  pur- 
pose causing  the  temperature  to  remain  quiescent  for  a  time.  When 
most  of  the  moisture  is  expelled  from  the  hot  pocket,  the  temperature 
begins  to  rise  rapidly  again  in  consequence  of  the  accelerated  exo- 
thermic processes,  with  the  result  that  a  destructive  dry  distillation 
and  carbonization  of  the  hay  begins,  the  hot  pocket  now  approaching 
the  character  of  a  fire  pocket. 

Laupper  calls  particular  attention  to  the  presence  of  nitrates  in  the 
caked  hay  that  surrounds  the  hot  pockets.  He  found  that  the  nitrates 
occurring  naturally  in  hay  are  destroyed  in  the  preliminary  process  of 
sweating  and  that  the  1.5  per  cent  or  more  of  combined  nitric  acid 
in  caked  hay  must  therefore  have  been  produced  by  a  synthetic 
process.  He  explained  that  this  result  was  brought  about  by  the 
oxidation  of  the  ammonia  (distilled  from  decomposing  nitrogenous 
substances)  in  the  presence  of  free  oxygen  that  is  simultaneously 
evolved.  Laupper  found  upon  heating  dry  nitrate-free  hay  in  a 
combustion  tube  through  which  oxygen  and  ammonia  were  conducted 
that  the  two  gases  united  with  explosive  violence  with  production  of 
nitric  acid.  Laupper  attributes  the  formation  of  the  crystals  of 
ammonium  nitrate,  which  he  isolated  from  caked  hay,  and  also  some 
of  the  explosives  observed  in  haystack  fires,  to  this  reaction.  The 
presence  of  flammable  gases  of  fermentation,  or  destructive  distilla- 
tion, origin  might  also  contribute  to  such  explosions  and  fires.  Laup- 
per indicates  110°  C.  as  the  first  danger  point  of  explosion  and  170°, 
the  observed  temperature  of  the  explosive  ignition  of  a  mixture  of 
ammonium  nitrate  and  hay  carbon,  as  the  second  danger  point. 
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Laupper  demonstrated  the  possibility  of  a  violent  exothermic  re- 
action at  this  stage  of  the  heating  process  by  heating  wet  hay,  with 
which  a  little  ammonium  nitrate  and  glucose  had  been  mixed,  in  a 
hot  air  oven  at  150°  C.  Under  these  conditions  when  the  hay  ap- 
proached 150°,  the  temperature  shot  up  suddenly,  in  a  few  seconds 
reaching  350°.  The  carbonaceous  residue  ignited  spontaneously, 
after  breaking  the  flask  in  which  the  reaction  was  conducted.  This 
ignition  was  attributed  by  Laupper  to  pyrophoric  iron,  which  was 

estimated    to    be 

formed  at  280°— the 
third  danger  point 
of  spontaneous  com- 
bustion. 

According  to  Laup- 
per, the  heat  that  is 
developed  in  the  fire 
pocket  or  combustion 
chamber  as  a  result 
of  the  increasing  in- 
tensity of  the  chem- 
ical reactions  causes 
the  evolved  gases  to 
exert  a  strong  pres- 
sure upon  the  sur- 
rounding walls  of 
caked  hay.  "  Chim- 
neys "  or  "smoke 
channels  "  are  forced 
out  from  the  fire 
pocket  into  the  sur- 
rounding hay  in  va- 
rious directions,  these 
openings  following 
the  paths  of  least 
resistance  until  they 
approach  the  surface 
of  the  stack  or  mow. 
(Figs.  3  and  4.) 
The  escaping  odor  of 
burnt  hay,  noted  in 
Eanke's  account,  is  usually  the  first  indication  of  impending  disaster. 
Finally,  when  one  of  the  smoke  channels  reaches  the  surface,  there  is 
an  inrush  of  air,  and  upon  contact  of  the  pyrophoric  iron  with  oxygen 
ignition  takes  place.  An  explosion  of  carbon  monoxide  (with  blue 
flame)  and  of  other  flammable  gases  follows,  the  discharge  of  flames 
through  the  various  smoke  channels  setting  fire  to  the  whole  stack 
with  the  great  rapidity  that  is  characteristic  of  the  spontaneous 
combustion  of  haymows. 

Such,  in  outline,  is  the  theory  of  the  spontaneous  combustion  of  hay 
as  developed  in  Switzerland  by  Laupper  as  a  result  of  laboratory 
investigations  and  of  many  critical  examinations  of  haystacks  and 
haymows  that  were  either  in  a  state  of  heating  or  of  actual 
combustion. 


Figure    3. — Fire   fluo    in    a    haystack    partly    destroyed    by 
spontaneous  combustion.     After  Laupper  {18,  Tafel  II) 
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DIVERGENCE  OF  OPINIONS 


The  extracts  that  have  been  quoted  from  the  very  voluminous  liter- 
ature upon  the  spontaneous  combustion  of  hay  are  sufficient  to  indi- 
cate not  only  the  complexity  of  the  problem  but  also  the  extreme 
divergence  of  opinions  upon  the  subject.  Scarcely  any  topic  in  chemi- 
cal literature  is  in  a  more  controversial  state.  In  the  passages  selected 
for  quotation  there  are  theories  of  ignition  by  gas  condensation 
versus  theories  of  ignition  by  pyrophoresis,  of  pyrophoric  carbon 
versus  pyrophoric  iron,  of  bacterial  heat  versus  enzymic  heat  versus 
chemical  heat,  of  oxidases  versus  reductases,  of  wet  distillation 
versus  dry  distilla- 
tion, of  carbonization 
at  high  temperature 
versus  carbonization 
at  low  temperature, 
of  flammable  gas  ver- 
sus nonflammable  gas. 
Examples  of  such 
contradictions  of 
opinion  can  be  great- 
ly multiplied,  and  the 
student  of  the  subject 
finds  himself  help- 
less when  he  attempts 
to  strike  a  satisfac- 
tory balance  between 
the  various  opposing 
views. 


P-nRt  POCKET 


NEW  SUGGESTIONS 
AS  TO  THE  CAUSE 
OF  THE  SPONTA- 
NEOUS COMBUS- 
TION OF  HAY 

In  the  remainder 
of  this  bulletin  the 
writer  will  make  an 
attempt  to  develop  a 
theory  for  the  spon- 
taneous combustion  of  hay  which,  if  it  does  not  solve  the  problem, 
may  provide  at  least  a  clue  to  its  final  solution. 
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VCRTICAL  SECTION  THROUGH  C-0 


Figure  4. — Plan  of  haymow  damaged  by  spontaneous  com- 
bustion at  Duebendorf,  Switzerland,  July  25,  1920, 
showing  location  of  fire  poclset  and  flues.  After  Laup- 
pcr   (18,  p.  HZ) 


FACTORS  IN   THE  SPONTANEOUS  IGNITION   OF  OIL-COATED   COTTON 


The  clue  proposed  is  a  departure  from  the  ordinary  method  of 
approach  and,  with  the  elimination  for  the  present  of  all  the  complex 
variables  that  exist  in  a  ferment  in  <r  haystack,  consists  in  confining 
attention  at  first  to  some  of  the  factors  involved  in  the  more  simple, 
purely  chemical  example  of  the  spontaneous  ignition  of  a  wad  of  oil- 
soaked  cotton.  The  production  of  fires  from  the  spontaneous  ignition 
of  cotton  waste  that  has  been  used  by  painters  for  wiping  up  linseed 
oil  is  a  familiar  occurrence.    In  this  case  the  cotton  serves  as  a  porous 
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combustible  vehicle  that  gives  the  adhering  films  of  unsaturated  oil 
the  most  favorable  opportunity  for  combining  with  atmospheric 
oxygen,  the  outer  fibrous  layers  of  the  wad  serving  also  as  an  insulat- 
ing material  for  the  retention  of  the  heat  that  is  continuously  r^en- 
erated  in  the  interior  of  the  mass. 

Without  going  too  deeply  into  the  chemistry  of  this  reaction  ;it 
may  be  assumed  that  there  is^first  an  absorption  of  molecular  oxygen 
from  the  air  at  the  easily  broken  points  of  unsaturation  in  the  oil 
molecules,  with  the  formation  at  first  of  fatty  peroxides.^     The  latter 

then  decompose  in  the 
presence  of  moisture 
into  hydroxy  com- 
pounds and  atomic 
oxygen  that  from  its 
intensive  combining 
power  may  form, 
either  hydrogen  per- 
oxide or  exert  directly 
an  energetic  oxidiz- 
ing effect  upon  the 
organic  matter  with 
which  it  comes  in 
contact.  As  heat  be- 
gins to  develop,  the 
speed  of  the  reaction 
slowly  increases  until 
finally  when  the  tem- 
perature has  reached 
a  point  in  the  neigh- 
borhood of  100°  C, 
the  constantly  accel- 
erating oxidation 
raises  the  tempera- 
ture of  the  oil-coated 
cotton  very  rapidly 
to  the  point  of  igni- 
tion. 

The  curve  in  Fig- 
ure 5  shows  the 
course  of  an  unpub- 
lished experiment  by 
E.  J.  Hoffman.*  in 
which  50  grams  of 
cotton    waste    coated 
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with  a  mixture  of  50  grams  of  raw  linseed  oil  and  5  grams  of  a 
linseed-oil  solution  of  cobalt  oleate  (approximately  0.1  gram  cobalt) 
was  placed  loosely  in  a  wire  basket  5  inches  deep  and  3^/4  inches  in 
diameter.  The  basket  was  set  on  an  iron  tripod  indoors  under  a 
hood  with  the  bulb  of  a  thermometer  about  2  inches  below  the 
top  surface  of  the  mass.     In  30  minutes  the  temperature  had  risen 

*  See  article  by  Browne  (5)  for  a  discussion  of  the  theories  of  the  oxidation  of  unsatu- 
rated fats.  See  article  by  Tschirch  and  Barben  (28)  on  the  existence  of  fatty  peroxides 
and  hydrogen  peroxide  in  oxidized  fats. 

*  Chemist  in  the  chemical  engineering  division  of  the  Bureau  of  Chemistry  and  Soils 
engaged  in  research  on  farm  fires. 
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from  25°  to  30°  C,  in  49  minutes  to  40°,  in  60  minutes  to  100°,  in  73 
minutes  to  260°,  and  in  86  minutes  to  400°.  When  a  gentle  air  blast 
was  applied  to  the  mass  at  400°,  the  oil-covered  cotton  burst  into 
flanio. 

The  spontaneous  heating  of  linseed  and  other  unsaturated  oils 
spread  upon  cotton  has  recently  been  subjected  to  a  critical  study  by 
Thompson  (25)  of  the  Factory  Mutual  Laboratories  of  Boston,  in  a 
Mackey  testing  apparatus.  It  was  demonstrated  that  spontaneous 
heating  was  favored  by  increasing  the  humidity  up  to  the  point 
where  the  cotton  carried  about  10  per  cent  of  water.  Thompson  also 
showed  very  strikingly  that  the  spontaneous  heating  of  oily  waste 
was  greatly  accelerated  by  the  products  formed  during  the  oxidation, 
a  sample  of  oiled  cotton,  for  example,  which  had  been  heated  and 
cooled  off,  showing  a  much  greater  initial  heating  rate  than  a  freshly 
prepared  sample  at  the  same  temperature.  This  effect  is  very  prob- 
ably owing  to  fatty  peroxides  previously  formed.  Thompson  also 
observed  that  the  presence  of  metallic  oxides,  such  as  ordinary  iron 
rust,  had  a  catalytic  effect  in  hastening  the  process  of  spontaneous 
heating,  which  was  probably  similar  to  that  of  the  cobalt  oleate  in 
Hoffman's  experiment. 

OXIDIZABLE,  UNSTABLE,   FERMENTATION  PRODUCTS  AS  A  CAUSE  OF  SPONTANE- 
OUS HEATING 

The  theory  of  the  spontaneous  heating  and  ignition  of  large  masses 
of  hay  that  the  author  proposes  is  based  upon  the  preliminary  pro- 
duction by  microorganisms  under  more  or  less  perfect  anaerobic  con- 
ditions of  unsaturated,  highly  unstable,  intermediate-fermentation 
products  upon  the  surfaces  of  the  porous,  cellular  materials  (the 
condition  being  therefore  similar  to  that  of  the  oil-coated  cotton). 
The  duration  of  existence  of  these  readily  oxidizable  fermentation 
products  is  dependent  upon  the  quantity  of  air  that  can  gain  access 
to  the  fermenting  mass  of  hay  and  also  upon  the  quantity  of  moisture 
which  is  present  to  serve  as  a  reacting  medium.  If  the  heaps  are 
small  or  of  open,  loose  structure  the  intermediary  compounds  are 
destro^^ed  almost  as  soon  as  formed,  with  the  result  that  w^hen  vegeta- 
tive microorganic  life  is  all  destroyed  at  70°  to  80°  C,  there  is  not 
a  sufficient  residue  of  such  easily  oxidizable,  unsaturated  substances 
to  carry  the  production  of  heat  to  higher  limits.  The  heat  of  the 
microbial  life  period  is  probably  owing  in  large  part  to  the  oxidation 
of  the  same  intermediary  unstable  products  that  participate  in  the 
elevation  of  temperature  above  80°,  so  that  the  supposition  indicated 
by  Burri  (although  upon  a  different  basis)  is  undoubtedly  correct. 
For  example,  "  if  tomjieratures  of  80°,  90°  and  more  can  Ix^  reached 
in  haystacks,  in  which  only  purely  chemical  heat  sources  could  be 
involved,  then  the  view  appears  plausible  that  these  same  sources 
are  already  active  at  lower  temperatures,  as  between  50°  and  70°." 
According  to  this  view  there  is  then  no  difference  in  the  character  of 
the  heat  production  between  50°  and  70°  and  that  between  70°  and 
150°  or  upwards,  the  entire  range  of  heat  production  being  thus  due 
to  purely  chemical  causes.  In  other  words,  the  microorganisms  simply 
produce  the  highly  unstable  compounds  whose  subsequent  oxidation, 
like  that  of  the  unsaturated  oil  upon  cotton,  generates  the  increasing 
quantities  of  heat  that  lead  first  to  the  destruction  of  the  organisms 
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themselves  and  then  eventually  to  the  ignition  of  the  hay.  The 
rapid  oxidation  of  such  intermediary  unstable  compounds  would 
explain  the  high  oxygen  absorption  and  high  carbon  dioxide  produc- 
tion that  Haldane  and  Makgill  obtained  in  their  experiments  with 
moist  hay  at  60°.  The  subsequent  rapid  falling  off  in  oxygen  absorp- 
tion and  carbon  dioxide  production  noted  by  these  observers  is 
simply  the  indication  that  the  formation  of  these  easily  oxidizable 
compounds  has  come  to  an  end. 

The  foregoing  explanation  of  the  spontaneous  combustion  of  hay 
may  be  criticized  on  the  grounds  that  there  is  no  evidence  for  the 
existence  of  such  highly  unstable  intermediary  compounds  as  this 
hypothesis  requires.  The  difficulty  in  the  experimental  search  for 
such  compounds  is  that  in  the  drawing  and  manipulation  of  hay 
samples  from  a  fermenting  pile  the  highly  unstable  substances  are 
unavoidably  exposed  to  the  air  so.  that  they  are  oxidized  and  de- 
stroyed before  the  chemical  examination  can  be  completed.  It  is 
possible,  however,  to  duplicate  in  the  laboratory  some  of  the  condi- 
tions existing  in  a  hay  pile  for  the  formation  of  such  unsaturated 
compounds  and,  by  adopting  suitable  means  for  preventing  access 
of  oxygen,  to  effect  their  separation  and  identification. 

EXPERIMENTAL    PRODUCTION    OF   UNSTABLE,    UNSATURATED   COMPOUNDS    FROM 

SUGAR 

One  of  the  most  common  observations  made  in  the  examination  of 
agricultural  products  undergoing  spontaneous  heating,  such  as 
horse  manure,  and  hays  of  various  kinds,  especially  clover  and 
alfalfa  hay,  is  that  ammonia  is  produced.  Boerhaave,  Cohn, 
Miehe,  Laupper,  and  many  other  authorities  call  attention  to  the 
evolution  of  ammonia  from  hay  that  is  undergoing  spontaneous 
heating  and  to  the  alkaline  condition  that  is  produced  thereby.^ 
Plant  sugars  in  dilute  alkaline  solution  at  a  moderately  warm  tem- 
perature undergo  interesting  changes,  especially  in  the  absence  of 
atmospheric  oxygen.  Considerable  uncertainty  still  exists  concern- 
ing the  nature  of  the  first  compounds  produced  in  the  breaking 
down  of  the  simple  hexose  sugars  by  dilute  alkalies.  Numerous  un- 
saturated compounds  of  a  highly  unstable  reactive  character  are 
among  the  substances  formed  as  may  be  demonstrated  by  the  follow- 
ing simple  experiment. 

If  a  1  per  cent  aqueous  glucose  solution  is  treated  at  67°  C.  with 
one-half  per  cent  of  CaO  (completely  slaked  in  water)  in  a  flask 
from  which  the  air  is  excluded,  the  solution  turns  a  yellowish  brown, 
and  a  copious  flocculent  precipitate  soon  forms.  After  settling,  the 
precipitate  is  filtered  upon  a  Buchner  funnel,  washed  with  dilute 
milk  of  lime  solution  and  then  with  alcohol  and  ether,  being  always 
covered  with  liquid  to  prevent  oxidation.  It  is  then  transferred  as 
rapidly  as  possible  to  a  vacuum  desiccator,  from  which  the  air  is 
immediately  exhausted.  If,  after  partly  drying,  a  little  of  the  moist, 
white  precipitate  be  stirred,  in  a  beaker  exposed  to  the  air,  with  the 
bulb  end  of  a  thermometer  a  considerable  darkening  in  color  with  a 
rapid  rise  of  temperature  (20°  to  48°  C.)  will  be  noted.  Oxygen  is 
rapidly  absorbed,  as  can  be  seen  when  the  crumbled,  moist  precipi- 

^  Berthelot  (2),  contrary  to  most  other  observers,  reported  the  absence  of  ammonia  in 
his  experiments  upon  the  gases  produced  by  the  fermentation  of  hay. 
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tate  is  placed  in  a  flask  of  this  gas  attached  to  a  eudiometer  tube.  If 
the  lime  precipitate  be  decomposed  with  dilute  sulphuric  acid  and 
then  extracted  with  ether  a  crystalline  highly  unstable  compound  is 
obtained  upon  evaporation  of  the  solvent.  This  compound,  which 
reduces  silver  nitrate  and  Fehling's  solution  instantly  in  the  cold^  is 
found  to  be  highly  unsaturated,  as  shown  by  the  aviaity  with  which 
it  absorbs  bromine,  iodine,  and  hydrogen.  Elementary  analysis  and 
molecular  weight  determinations  show  it  to  have  the  formula 
CaH.Og  with  the  probable  structure  of  CHOHiCHCOOH,  which  is 
hydroxyacrylic  or  glucic  acid.^  The  compound  readily  decom- 
poses into  formic  acid  with  polymerization  into  complex  substances 
of  an  unknown  character.  It  undergoes  a  partial  sublimation  at  the 
temperature  of  boiling  water,  and  a  compound  of  this  character,  if 
formed  in  the  interior  of  a  fermenting  hay  pile,  might  be  distilled 
in  the  absence  of  oxygen  from  the  region  of  a  hot  pocket  to  a  cooler 
part  of  the  stack.  The  possible  bearing  of  a  dry  distillation  at  com- 
paratively low  temperatures  upon  special  phases  of  the  haystack 
problem  is  therefore  not  to  be  wholly  excluded  from  consideration. 
The  production  of  formic  acid  by  the  breaking  down  of  hydroxy- 
acrylic acid  is  a  possible  explanation  of  the  presence  of  formic  acid 
in  the  irritating  gaseous  emanations  from  very  hot  fermenting  hav. 
(See  Table  2  for  temperatures  45°  to  70°  and  70°  to  90°.) 

The  formation  of  easily  oxidizable  unsaturated  compounds  similar 
to,  although  not  necessarily  identical  with,,  hydroxyacrylic  acid, 
would  appear  to  be  highly  probable  under  the  complex  anaerobic 
conditions  that  exist  in  the  interior  of  a  fermenting  haystack  w^here 
higher  saccharides  and  proteins  are  broken  down  and  where  the  hy- 
drolytic  products  of  these  (sugars,  amino  acids,  ammonia,  etc.)  un- 
dergo at  a  most  favorable  temperature  numerous  reactions  among 
themselves  and  also  various  decompositions  as  a  result  of  micro- 
organic  activity.  The  process  that  has  been  sketched  for  the  produc- 
tion of  hydroxyacrylic  acid  is  only  one  of  numerous  possibilities  for 
the  determination  of.  which  there  is  need  of  extensive  research. 

The  supposition  that  a  weakly  alkaline  medium,  such  as  would  be 
produced  by  the  evolution  of  ammonia  ^  in  the  fermentation  of  vege- 
table proteins,  amino  acids,  etc.,  facilitates  the  conversion  of  reducing 
sugars  into  the  easily  oxidizable  substances  that  give  rise  to  spon- 
taneous heating,  finds  a  certain  confimiation  in  the  fact  that  the 
hays  which  are  the  richest  in  nitrogenous  substances,  such  as  clover 
and  alfalfa,  are  the  most  likely  to  undergo  spontaneous  combustion. 
This  is  especially  true  of  the  alfalfa  meal-molasses  mixtures  (rich  in 
both  sugars  and  ammonia-producing  ingredients)  that  are  so  ex- 
tensively used  for  cattle-feeds  and  the  frequent  spontaneous  combus- 
tion of  which  in  warehouses,  freight  cars,  etc.,  has  caused  fire  insur- 
ance and  transportation  companies  to  regard  the  handling  of  such 
materials  as  a  great  risk.    Haylike  materials,  on  the  other  hand,  that 

« See  article  by  Nelson  and  Browne  (22)  for  further  Information  pertaining  to  this 
compound. 

'  In  a  paper  upon  Microbial  Thermogenesis  by  James,  Rettgor,  and  Thom  (16,  p.  W) 
attention  is  called  to  the  rapid  production  of  ammonia  during  the  spontaneous  heating  of 
cracked  corn  after  inoculation  with  a  pure  culture  of  an  actively  thermogenic  B.  suhtilia 
strain.  The  quantity  of  ammonia-nitrogen  obtained  from  the  corn  before  heating  began 
was  0.91  mg.  per  115  gms.  of  corn.  This  quantity  had  increased  in  36  hours  after  heating 
to  7.00  mg.,  iu  40  hours  to  12.60  mg.,  in  65  hours  to  17.73  mg.,  and  in  85  hours  to 
21.80  mg. 
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are  deficient  in  sugars  and  proteins,  such  as  straw,  are  very  rarely 
susceptible  to  spontaneous  combustion. 

RATE  OF  OXIDATION  IN  FERMENTING  HAY 

The  prophecy  was  made  by  Miehe  that  the  temperature  of  an 
undisturbed  haystack  from  which  air  was  excluded  would  never  be 
found  in  any  place  to  exceed  70°  or  80°  C.  Miehe  (^i,  p.  21)  demon- 
strated the  fact  that  damp  hay  in  a  container  from  which  all  oxygen 
had  been  displaced  by  hydrogen  underwent  no  increase  whatever 
in  temperature.  Hildebrandt  {13^  p.  JfSO)  showed  that  300  grams  of 
dry  hay  wet  with  200  cubic  centimeters  of  water  in  a  Dewar  flask 
when  placed  in  a  tightly  closed  bell  jar  of  about  100  liters  capacity 
underwent  an  increase  of  temperature  in  four  days  from  23°  to  47°, 
when  the  process  came  to  a  standstill,  all  the  oxygen  having  been 
consumed  and  the  bell  jar  being  completely  filled  with  carbon  dioxide. 
Upon  the  removal  of  the  Dewar  flask  to  the  outside  air  the  tempera- 
ture in  three  days  increased  from  43°  to  62°,  which  indicates  a  rapid 
penetration  of  atmospheric  oxygen  under  conditions  that  were  not 
the  most  favorable.  Hildebrandt  estimates  that  for  the  attainment  of 
this  temperature  from  30  to  34  liters  of  oxygen  were  consumed  by  the 
300  grams  of  hay. 

It  must  be  recognized  that  in  a  mass  of  such  loose  structure  as  a 
pile  of  hay  the  outside  air  can  penetrate  through  the  interstices  be- 
tween the  stems  and  blades  for  a  long  distance  into  the  interior  so 
that  oxidations  can  take  place  in  a  considerable  zone  in  the  region 
immediatelv  surrounding  the  center  of  heat  production.  A  small 
quantity  or  oxygen  also  undoubtedly  diffuses  through  the  compact 
cakey  mass  of  hay  that  acts  as  an  insulating  wall  about  the  so-called 
hot  pocket  where  chemical  activity  is  the  most  active.  The  oxygen 
penetrating  in  this  way  combines  energetically  with  the  unsaturated 
substances  produced  by  microorganisms,  thus  giving  rise  to  addi- 
tional quantities  of  heat,  but  the  supply  is  not  sufficient  to  produce 
ignition  until  a  disruption  of  the  cakey  wall  at  some  point  by  the 
pressure  of  internal  gases  permits  an  inrush  of  air  that  is  sufficient 
to  hasten  the  oxidation  of  the  hot  material  to  the  point  of  ignition. 
No  doubt  it  frequently  happens  that  the  oxidation  of  the  unstable 
fermentation  compounds  is  gradually  completed  before  ignition  sets 
in,  in  which  case  the  haystack  begins  slowly  to  cool  and  the  danger  of 
spontaneous  combustion  is  past,  a  cake  of  partly  carbonized  hay  re- 
maining in  the  interior  of  the  stack  to  tell  the  story  of  an  escape  from 
disaster. 

Sufficient  aeration  of  all  parts  of  a  stack  of  hay  at  the  early  stages 
of  fermentation  has  been  suggested  as  the  best  means  for  stopping  the 
process  of  spontaneous  combustion,  and,  in  view  of  the  oxidation  of 
the  unstable  heat-producing  compounds  before  the  zones  of  bacterial 
activity  have  become  too  warm  and  dry,  such  a  procedure  is  per- 
fectly sound  in  theory.  If  the  aeration  is  performed  at  an  advanced 
stage  of  heating,  however,  the  procedure  is  attended  with  great  risk 
as  is  indicated  by  the  experiences  of  Ranke  and  others. 

VARIATIONS   OF  MOISTURE  CONTENT  IN   FERMENTING   HAY 

It  has  not  been  found  possible  to  effect  the  spontaneous  combustion 
of  hay  in  small  laboratory  experiments  for  the  probable  reason  that 
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the  exact  condition  of  moisture  content  that  is  most  favorable  for 
the  development  of  the  phenomenon  did  not  exist  or  there  was 
an  insufficient  supply  of  the  easily  oxidizable  fermentation  com- 
pounds to  produce  the  necessary  heat. 

The  ran^e  of  moisture  content  in  hay  at  which  spontaneous  igni- 
tion can  take  place  is  probably  within  somewhat  narrow  limits.  If 
the  moisture  content  is  too  high  the  heat  is  used  up  in  the  evaporation 
of  water;  if  the  moisture  content  is  too  low  the  course  of  the  final 
rapid  heat-producing  reaction  is  retarded.  Thus  Thompson  found 
that  a  moisture  content  of  10  per  cent  was  more  favorable  than 
smaller  quantities  for  the  spontaneous  heating  of  oiled  cotton.  In  a 
large  stack  of  hay  or  in  a  large  pile  of  manure  there  is  a  much  better 
opportunity  for  a  wide  range  of  moisture  content  in  different  parts  of 
the  pile  and  hence  a  much  better  chance  of  obtaining  somewhere 
the  exact  conditions  necessary  for  spontaneous  ignition  than  exists 
in  a  smaller  mass  of  material. 

It  must  also  be  recognized,  as  Laupper  and  others  have  pointed  out, 
that  spontaneous  combustion  may  take  place  in  hay  that  apparently 
has  been  well  cured  and  put  in  the  barn  or  stack  in  a  uniformly 
dry  condition.  In  such  a  pile  of  material  a  displacement  of  moisture 
from  the  warmer  to  the  cooler  parts  of  the  mass  begins  at  once,  with 
the  result  that  local  zones  of  higher  moisture  content  are  produced, 
and  then  begin  to  heat.  The  whole  pile  of  hay  is  thus  thrown  into 
a  state  of  very  unequal  moisture  distribution  with  some  parts  over- 
moist  and  others  overdrv  but  with  an  intermediate  zone  at  some  point 
where  the  conditions  of  moisture  content,  temperature,  presence  of 
oxidizable  decomposition  products,  catalytic  agents,  and  insulation 
are  exactly  right  for  rapid  oxidation  and  spontaneous  ignition. 

SPONTANEOUS  IGNITION  OF  HORSE  MANURE  AT  ARUNGTON,  VA. 

The  greater  opportunity  for  spontaneous  ignition  in  a  large  mass 
of  fermenting  material  was  made  apparent  more  than  three  years 
ago  by  some  troublesome  fires  that  broke  out  in  a  pile  of  horse 
manure  on  the  Department  of  Agriculture  farm  at  Arlington,  Va., 
of  which  the  following  account  is  given  by  James,  Bidwell,  and 
McKinney  (J 4)* 

The  observations  rejwrted  in  this  paper  were  made  upon  a  large  pile  of 
stable  manure  and  straw  at  the  Arlinj^ton  Experiment  Farm,  Rosslyn,  Va. 
Manure  for  fertilizer  purposes  had  been  hauled  from  a  neighboring  cavalry 
station  and  placed  on  the  farm  grounds  in  an  open  plot  As  the  manure  was 
unloaded  the  horses  and  wagons  were  driven  over  the  pile,  and  the  load  was 
deposited  on  the  top.  The  custom  had  been  to  "cure"  the  manure  from  one 
to  three  years  before  spreading  it.  The  first  loads  had  been  deposited  some 
two  and  one-half  years  before,  and  the  mass  had  grown  to  a  pile  about  200 
feet  long,  50  feet  wide,  and  from  1  to  20  feet  high.  (Fig.  1.)  Moderate  heating 
of  tlie  manure  had  been  accepted  as  an  essential  part  of  the  curing,  though 
fire  had  not  formerly  occurred. 

Before^  September  0.  1925,  the  date  of  the  outbreak,  the  weather  had  been 
warm,  ranging  from  87  to  05°  F.  There  had  been  no  heavy  rains  for  two  weeks. 
Daily  additions  had  been  made  to  the  pile,  and,  although  the  mass  was  known 
to  be  excessively  hot,  the  condition  was  not  considered  dangerous.  Fire  broke 
out  during  tlie  night  of  September  9,  and  was  discovercxi  by  the  night  watchman. 
The  flames  quickly  spread  over  the  entire  west  side  of  the  long  pile.  Water 
was  api>lied  from  psiils.  and  the  flames  were  extinguished.  Within  a  few 
hours,  fire  again  broke  out  along  the  same  side  of  the  mass.     When  this  was 
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controlled,  efforts  were  made  to  cut  away  as  much  of  the  material  as  was 
still  at  a  dangerously  high  temperature.  Chari'ed  straw  and  manure  to  a 
depth  of  about  2  feet  throughout  tlie  greater  part  of  the  length  of  the  pile 
were  removed.  The  material  was  firmly  packed,  black,  dry,  and  brittle  to  a 
depth  considerably  beyond  any  possible  i)enetration  by  the  fire.     ( Fig.  2. ) 

The  temperatures  of  various  points  in  the  mass  were  determined  with  the 
aid  of  a  thermocouple  and  a  potentiometer.  Holes  were  made  by  forcing  a 
long  iron  rod  into  the  pile ;  the  thermocouple  was  inserted  in  the  openings.  A 
series  of  readings  (Table  1)  indicated  that  in  the  center  of  the  pile  and  up  to 
within  5  or  6  feet  of  the  outer  surface  the  temperatures  were  not  extremely 
high,  averaging  only  about  51°  C. ;  66°  was  the  maximum.  The  temperatures 
of  the  outer  layers,  however,  were  considerably  higher.  In  places  where  the 
manure  was  firmly  packed,  as  on  the  dismantled  side,  the  highest  temperature 
was  usually  withm  6  inches  of  the  surface,  whereas  on  the  top,  where  recent 
additions  still  lay  more  or  less  loosely,  the  maximum  temperature  was  usually 
found  from  1%  to  2  feet  within  the  mass. 

The  temperature  of  the  opposite  or  ea.st  side  of  the  pile  was  also  excessively 
high,  though  no  fire  had  yet  appeared.  This  side  was  watched  carefully.  The 
following  afternoon,  September  10,  fire  broke  out  on  this  side,  appearing  first, 
as  the  others  had,  at  from  5  to  10  feet  above  the  ground. 

When  this  had  been  put  out  an  inspection  of  the  stack  revealed  so  many  hot 
areas  along  the  edge  that  the  entire  side  was  removed  under  frequent  sprink- 
ling with  water.     (Fig.  3.) 

The  mass  was  packed  so  firmly  that  progress  was  slow  and  fire  broke  out 
twice  before  the  work  was  completed.  In  one  of  the  hottest  sections  (fig.  3,  A) 
a  forkful  of  material  was  removed  and  spread  out  upon  the  ground.  The  straw 
was  hot  and  steaming.  About  one  minute  later  the  steam  had  changed  to 
smoke,  which  increased  in  density  until  after  about  three  minutes  the  material 
glowed  a  fiery  red.  Exactly  the  same  conditions  appeared  in  the  stack  adja- 
cent to  the  spot  from  which  the  material  had  been  removed. 

Temperature  readings  of  the  glowing  coals  and  adjacent  materials  (though 
those  of  the  former  are  probably  only  approximate)  gave  the  following  results: 

°a. 

Temperature  of  glowing  straw  removed  from  pile 167 

Temperature  of  glowing  material  remaining  in  pile 132 

Temperature  in  stack  3  inches  from  glowing  coals 80 

The  fire  smoldered  a  few  minutes,  then  went  out.  It  is  significant  that  the 
temperature  of  material  only  a  few  inches  from  the  glowing  coals  was  not 
above  80°  C.  Moisture  determinations  showed  that  material  in  the  stack 
adjacent  to  the  point  where  the  red  glow  had  appeared  contained  only  3.7  per 
cent  of  water,  whereas  material  2  feet  away,  apparently  just  as  badly  scorched 
and  brittle,  contained  30.2  per  cent.  Material  from  the  top  of  the  stack,  which 
was  hot  but  showed  no  signs  of  scorching,  contained  66  per  cent  moisture. 

Figure  4  shows  the  contrast  between  material  which  has  undergone  excessive 
heating  without  firing  and  normal  material  from  the  surface  of  the  pile.  The 
charred  material  was  very  dry  and  brittle. 

As  the  heating  mass  of  material  offered  excellent  opportunities  for  study, 
the  following  day  further  data  were  obtained.  In  general,  the  mass  had 
cooled  considerably,  though  a  few  areas  were  still  hot. 

Since  *'  spontaneous  "  ignition  has  been  known  to  take  place  apparently  only 
as  the  result  of  rapid  oxidation,  it  was  assumed  that  further  temperature  rise 
would  be  produced  in  the  manure  pile  on  the  introduction  of  air,  or,  preferably, 
pure  oxygen.  A  brass  tube  and  the  thermocouple  were  introduced  simultane- 
ously into  the  center  of  an  area  having  a  temperature  of  82.5°  C.  At  11,25 
a.  m.  oxygen  was  introduced  from  a  pressure  tank,  and  changes  in  temperature 
were  carefully  noted.  The  temperature  immediately  began  to  rise  rapidly  and 
continued  to  increase  for  one-half  hour;  the  rate  of  oxygen  flow  was  occa- 
sionally increased.  (Table  2.)  At  12  m.  the  temperature  had  reached  109°  C, 
an  increase  of  26.5°  in  36  minutes.  Further  aeration  resulted  in  a  slow  cooling 
to  107°  at  1  p.  m.  As  the  heating  material  was  inclosed  within  the  mass,  the 
estimation  of  the  oxygen  requirements  was  purely  conjectural.  Thus  it  is 
not  surprising  if  the  oxygen  rate  most  favorable  for  heat  production  was  not 
maintained  and  only  limited  heating  allowed  to  take  place. 
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Table  3 [2]. — Temperatures  obtained  hjj  introducing  oxygen  into  hot  area  of 
manure  pile  (2  feet  beneath  side  surface) 


Head- 
ing 

Time 

Temper- 
ature 

Oxygen 
flow 

Read- 
ing 

Time 

Temper- 
ature 

Oxygen 
flow 

1 

11.24  ft.  m 

82.5 
84.0 
94.0 
100.0 
103.0 
104.0 
105.0 

Begun. 
Increased. 

8 
9 
10 
11 
12 
13 

11.43  a.  m 

106.0 
107.0 
108.0 
109.0 
108.5 
107.0 

2 

11.25  a.  m     

11.45  a.  m 

Increased . 

3 

11  30a.  m 

11.50  a.  m 

4 

11.34  a.  m 

12.00  m 

5 

11.36  a.  m 

12.15  p.  m 

6 

11.38a.  m     

1.00  p.  m 

7 

11.41  a.  m 

Figures  6  and  7  show  the  manure  pile  on  the  Department  of  Agri- 
culture farm  in  which  spontaneous  ignition  was  observed  by  James, 
Bidwell,  and  McKinney. 

Several  significant  facts  are  to  be  noted  in  connection  with  this 
fire.  The  first  point  is  the  confinement  of  the  heated  areas  to  sec- 
tions of  the  manure  pile  not  deeper  than  12  inches  below  the  surface, 
in  other  words,  to  those  locations  in  which  oxidation  could  most  read- 
ily take  place.     The  second  point  is  the  rapidity  with  which  the  tem- 


'^ 


Figure  (J. — Manure  pile  on  tho  Department  of  Agriculture  farm  at  Arlington.  Va. 
Dnrli  portion  shows  area  where  siwntaneous  ignition  was  observed  iu  freshly 
withdrawn  material 

perature  of  material  removed  from  the  pile  at  82°  C.  is  raised  to  the 
state  of  ignition.  The  maximum  temperature  of  167°  observed 
with  the  thermocouple  in  the  glowing  straw  was  undoubtedly  far 
below  the  actual  ignition  degree  because  of  the  inadequate  protec- 
tion against  radiation.  There  is  here  no  opportunity  for  a  previous 
production  of  pyrophoric  carbon  or  iron  (which  requires  tempera- 
tures of  250°  to  300°  for  its  formation)  and  unless  we  assume  that 
pyrophoric  materials  can  be  produced  at  temperatures  as  low  as 
82°  the  only  explanation  apparently  available  for  the  sudden  rise 
of  temperature  is  the  exceedingly  rapid  oxidation  of  highly  unstable 
substances  produced  by  anaeroBic  fermentations  in  the  dense  com- 
pact layers  of  the  manure.     The  third  point  is  the  great  variation 
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in  moisture  content  between  different  parts  of  the  manure  pile,  mate- 
rial adjacent  to  the  point  of  ignition  containing  only  3.7  per  cent 
water  (a  low  percentage  that  was  probably  caused  by  the  heat  from 
the  adjacent  igniting  mass),  whereas  material  2  feet  away,  appar- 
ently just  as  badly  scorched  and  brittle,  contained  30.2  per  cent  water, 
and  litter  on  the  top  of  the  stack  contained  66  per  cent  water.  It 
was  probably  a  lack  of  the  exactly  necessary  conditions  of  moisture 
content  that  prevented  the  ignition  of  the  manure  when  oxygen  was 
introduced  into  a  hot  area  of  the  pile  having  a  temperature  of  82.5°. 
The  temperature  could  be  raised  only  to  109°,  when  it  began  to 
diminish,  the  excess  of  easily  oxidizable  fermentation  products  hav- 
ing probably  been  destroyed. 

Although  the  conditions  existing  in  a  pile  of  fermenting  horse 
manure  are  different  from  those  in  hot  haystacks,  with  a  consequently 
different  class  of  phenomena  with  respect  to  hot  pockets  and  smoke 


Figure  7. — Close-up   view  of  manure   pile   shown   in   Figure   G   wlien   lieated   material 
was  being  turned  over  and  the  fire  quenched  with  water 

channels,   the   basic   causes   of    heat   production   and   ignition   are 
undoubtedly  identical  in  both  cases. 

PRODUCTION  OF  COMPOUNDS  OF  HIGH  CARBON  CONTENT  AT  LOW  TEMPERATURES 

Miehe  and  others  have  raised  an  interesting  question  regarding 
the  possibility  of  the  production  of  pyrophoric  carbon  from  hay  at 
temperatures  below  100°  C.  Experiments  conducted  by  the  author 
over  a  long  period  of  years  indicate  that  the  reducing  sugars  of 
sugar-cane  molasses  may  undergo  even  at  ordinary  temperature  a 
slow  spontaneous  decomposition  into  products  high  in  carbon  and 
low  in  oxygen  content  as  a  result  of  the  continued  dehydroxylation 
of  the  sugars.  These  compounds,  which  are  unsaturated,  are  of  a 
colloidal  character  and  with  the  progi-essive  splitting  off  of  hydroxyl 
groups  become  insoluble,  approaching  more  and  more  the  state  of 
carbon  but  never  attaining  its  actual  composition.  As  the  tempera- 
ture of  a  hot  haystack  increases,  the  formation  and  decomposition  of 
these  humuslike  products  are  undoubtedly  accelerated  and  their  affin-. 


THE    SPONTANEOTTR  rOMBTTSTION"    OF   HAY  33 

ity  for  oxygen  may  possibly  play  some  part  in  the  final  stages  of  heat 
production.  It  is  doubtful,  however,  if  a  true  carbon  is  ever  pro- 
duced from  hay  even  at  temperatures  bordering  upon  the  point  of 
ignition. 

Ranke  commented  upon  the  presence  of  empyreumatic  substances 
in  the  hay  carbon  produced  by  heating  Ivdj  to  250°  C.  in  an  oil  bath 
and  suggested  that  these  volatile  impurities,  which  were  probably 
unsaturated,  may  have  rendered  his  carbon  pyrophoric,  since  after 
their  destruction  at  higher  temperatures  the  carbon  no  longer  ignited 
spontaneously.  Ranke  in  fact  compared  the  possible  spontaneous 
ignition  of  these  impurities  in  hay  carbon  to  that  of  oil  upon  waste. 
The  difficulty  of  obtaining  a  pure  carbon  under  such  circimnstances 
is  indicated  by  the  fact  tliat  even  the  purest  vegetable  carbons, 
obtained  from  sugar  or  cellulose,  contain  usually  several  per  cent  of 
hydrogen,  which  may  be  present  in  an  absorbed  gaseous  state  or  in  a 
resistant  hydrocarbon  combination.  Laupper's  results  in  rendering 
Ranke's  hay  carbon  nonpyrophoric  by  treatment  with  acids  may  pos- 
sibly have  been  produced  by  the  removal  or  destruction  of  the  re- 
tained easily  oxidizable  empyreumatic  impurities  and  not  from  the 
solution  of  pyrophoric  iron. 

TEMPERATURE  OP  THE  EXOTHERMIC  REACTION  OF  HAY 

The  temperature  of  the  exothermic  reaction  at  which  perfectly  dry 
normal  hay  decomposes  with  evolution  of  heat  is  probably  very  close 
to  that  which  Hawley  (1^)  and  other  observers  have  found  for 
wood,  which  is  about  275°  C.,  and  this  coincides  with  the  tempera- 
ture that  Ranke  and  Laupper  have  set  for  the  spontaneous  ignition 
of  hay  as  a  result  of  pyrophoresis.  If  it  is  assumed  that  the  tem- 
perature of  hay  can  be  raised  to  275°  as  a  result  of  the  rapid  spon- 
taneous oxidation  of  unsaturated  compounds,  the  sudden  evolution 
of  additional  heat  at  the  exothermic  point  will  explain  the  ignition 
of  the  material  without  the  necessity  of  assuming  that  this  is  due 
to  the  production  of  pyrophoric  carbon  or  iron.  Whether  the  tem- 
perature of  the  exothermic  reaction  for  fermented  hay  is  lower  than 
that  for  normal  hay  (a  factor  of  possible  significance)  remains  to 
be  determined. 

LENGTH   OF  TIME  NECESSARY   FOR  THE   SPONTANEOUS  IGNITION   OF  HAY 

Miehe  in  the  development  of  his  theory  of  carbonization  at  low 
temperature  calls  attention  to  the  fact  that  the  period  of  heating  at 
70°  C.  may  continue  for  several  months.  Although  an  interval  of 
this  extent  has  been  observed  in  many  cases  of  the  spontaneous 
combusion  of  hay  there  are  also  well-authenticated  instances  where 
the  period  between  the  start  of  the  bacterial  heating  of  hay  and 
the  time  of  spontaneous  ignition  is  only  a  few  days.  A  case  of  this 
kind  occurred  on  November  7,  1927,  near  Middlesex,  Vt.,  during  the 
heavy  floods  that  devastated  the  valleys  of  the  Winooski  and  other 
rivers  of  this  section.  (Fig.  8.)  The  scene  of  this  fire  was  visited 
at  the  time  by  L.  H.  James  and  David  J.  Price  (lo)  of  the  United 
States  Department  of  Agriculture,  from  whose  report  the  following 
observations  are  taken : 
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BARN  FIKES  IN   VERMONT  FLOODED  AREAS 

The  unusual  conditions  in  the  Northern  Vermont  flooded  areas,  where  the 
water  reached  the  haymows  of  hundreds  of  barns,  offeretl  exceptional  oppor- 
tunities for  studies  relating  to  the  spontaneous  or  self-heating  of  agricultural 
products.  Observations  were  made  by  Department  of  Agriculture  investigators 
in  many  barns  in  the  Winooski,  Lamoille,  and  Mississquoi  River  Valleys.  Ex- 
cessive heating  set  in  almost  immediately  after  the  flood  waters  receded,  in 
many  cases  endangering  the  houses  and  other  farm  buildings.  The  obsei-^a- 
tions  on  spontaneous  heating  in  Vermont  barns  can  be  summarized  as.  follows : 

1.  The  hay  was  covered  with  water  ranging  from  one-half  foot  to  17  feet. 

2.  In  every  pile  of  wet  hay  observed  some  "  heating  "  had  taken  place,  many 
to  the  point  of  being  considered  dangerous. 

3.  Heat  was  generated  in  the  bottom  layers  of  the  piles  and,  escaping  up 
through  the  hay,  led  to  the  production  of  drafts  of  hot  gases  or  *'  flues "  that 
rose  to  the  surface. 

4.  The  large  quantity  of  moisture  carried  with  the  hot  gases  from  the  lower 
layers  was  condensed  on  the  upper,  cooler  hay,  or  in  the  air  above.  Many 
hay  piles  had  been  soaked  throughout  by  the  falling  condensed  moisture.^ 


Figure  8. — Destruction  of  a  Vermont  barn  and  silo  by  spontaneous  ignition  of  hay 
following  the  flood  in  November,  1927 

5.  While  the  hot  hay  was  being  removed  from  the  barns,  one  farmer  observed 
charred  materials. 

6.  The  most  marked  evidence  of  excessive  heating  was  obsei^^ed  by  the 
farmers  on  the  second  and  third  days  after  the  recession  of  the  flood  waters. 

7.  A  clear-cut  case  of  spontaneous  ignition  occurred  near  Middlesex,  Vermont. 
This  farm  is  in  a  narrow  portion  of  the  valley  of  the  Winooski  River  where  the 
flood  waters  rose  exceptionally  high.  The  barn  contained  about  50  tons  of 
meadow  hay  and  a  little  alfalfa.  The  hay  had  been  kept  in  a  bay  in  the 
rear  of  the  barn  and  rested  upon  boards  laid  flat  on  the  ground.  The  contents 
of  the  bay    .     .     .    consisted  of: 

About  2  feet  of  the  previous  year's  (1926)  hay. 

About  6  inches  of  first  cutting  alfalfa   (1927),  wduch  had  rotted  somewhat 
in  the  field  but  which  was  dried  before  being  stored  in  the  barn. 
About  45  feet  of  good  meadow  hay. 
About  6  inches  of  good,  second  cutting  alfalfa  (1927). 
About  6  inches  of  rowen  on  the  top. 

8  Many  farmers  mentioned  the  strong'  odor  of  ammonia  that  was  observed  during  the 
heating  of  the  hay  in  the  barns  of  the  flooded  areas  of  Vermont. 


THE   SPONTANEOUS  COMBUSTION   OP   HAT 


35 


There  was  also  a  small  pile  of  old  dry  straw  on  the  bam  floor. 

Th(>  lloMd  \v;ii('i-s  covfrcil  17  fc-t  of  tlu'  pile  of  hay  and  inosl  of  Hio  straw. 
No  heal  in;;  of  lin'  liay  luni  Ikhh  noticed  before  the  lloo<l.  l.ul  considi-rable 
steamiuj;  was  in  evidence  24  hours  after  the  waters  had  receded.  The 
crest  of  the  flood  occurred  early  on  FHday  morning,  November  4,  1927,  and 
tlie  liani  bnnitHl  between  4:00  and  5  .no  p.  m.  on  Monday,  XovcmlxM-  7.  or  about 
two  (lays  after  the  flcKjd  waters  receded.  On  Sunday  morniiii:  much  hcatin^^  liad 
been  nciticed,  and  on  Monday  a  distinctly  charred  odor  was  observed  before  the 
tire  started.  Tlie  barn  burned  to  the  ground  and  a  silo,  close  by,  fell  over  and 
was  destroyed.  It  is  interesting  -to  note  that  the  barn  and  hay  stood  in  from 
three  to  li\e  Icct  (d"  watt  r  wlien  the  fire  broke  out. 

The  ^veathel*  conditions  at  tlie  time  of  the  Vermont  floods  are  indi- 
cated by  the  followini;  (jiiotations  from  the  reports  of  the  United 
States  Weatlier  iJiireau  for  the  station  at  Burlington,  Vt. : 


Novenitter 

1 

2 

3 

4 

5 

« 

7 

Maximum  temperature  .. 

61°  F. 
0.00 

69°  F. 
0.52 

43°  F. 
3.75 

40°  F. 
1.35 

48°  F. 
Trace. 

40°  F. 
0.15 

36°  F 

Kainfail  (inches)    . 

0  08 

It  will  be  noted  that  the  maximum  temperatures  at  the  time  of  the 
Middlesex  flood  and  fire  were  low.  No  evidence  of  spontaneous  heat- 
ing was  noticed  in  the  hay  before  the  time  of  the  flood.  The  interval 
between  the  time  when  the  hay  was  first  wet  and  spontaneous  heating 
began  and  the  time  when  the  fire  broke  out  was  less  than  five  days,  a 
period  that  is  much  too  short  for  the  formation  of  pyrophoric  carbon 
at  low  temperature  as  suggested  by  Miehe. 

UNSATURATED    SUBSTANCES    OCCURRING    NATURALLY    IN    HAY 

There  remains  finally  to  be  considered  the  statement  of  Haldane 
and  Makgill  that  the  heat  of  oxidation  of  perfectly  sterile  hay  in  a 
sufficiently  large  pile  will  eventually  lead  to  spontaneous  ignition. 
The  only  unsaturated  substances  that  occur  naturally  in  hay  are  vege- 
table oils,  which  are  too  small  in  amount  to  be  of  significance,  and 
the  lignin,  which  constitutes  about  25  per  cent  of  the  dry  material 
of  the  hay.  Lignin  as  it  occurs  naturally  in  hay  and  straw  in  associa- 
tion with  cellulose  and  pentosans  does  not  appear  to  be  readily  sub- 
ject to  spontaneous  oxidation,  although  in  the  changes  to  which  it 
may  be  subjected  during  the  heating  of  hay  there  is  a  possibility  of 
its  being  converted  into  some  more  easily  oxidizable  compound.  The 
possibility  of  perfectly  dry,  well-cured  hay  ever  absorbing  enough 
oxygen  from  the  air  to  ignite  spontaneously,  without  the  agency  of 
fei-mentation,  appeal's  too  remote  to  be  of  practical  significance. 

Flammable  gases,  pyrophoric  substances,  and  some  of  the  other 
factors  enumerated  by  Laupper  in  his  diagram  of  the  spontaneous 
combustion  process  may  possibly  play  a  contributing  part  in  the 
final  stages  of  tlie  phenomenon. 

But  these  adjuncts  of  the  process  of  spontaneous  heating,  in  the 
author's  opinitm,  are  to  be  regarded  more  as  effects  than  as  causes  of 
the  primary  reaction.  The  writer  believes  that  future  progress  in 
the  study  of  the  problem  of  the  spontaneous  combustion  of  hay  and 
of  other  agricultural  products  will  be  made  chiefly  in  the  careful 
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chemical  investigation  of  the  unstable  unsaturated  intermediary  sub- 
stances which  are  produced  by  microbial  action  and  whose  rapid 
oxidation  leads  to  the  high  temperatures  that  result  in  final  ignition. 

NEED  OF  FUTURE  INVESTIGATIONS 

The  determination  of  the  exact  conditions  that  jDroduce  the  spon- 
taneous ignition  of  hay,  cattle  feeds,  horse  manure,  and  other  agricul- 
tural products  is  one  of  the  most  important  problems  in  the  field  of 
agricultural  research.  As  most  truly  pointed  out  by  Professor 
Tschirch,  of  Switzerland,  a  prerequisite  for  preventing  the  enormous 
financial  losses  that  occur  each  year  from  spontaneous  combustion  is 
exact  definite  knoAvledge  as  to  how  such  fires  are  produced. 

The  answer  to  the  problem  can  be  obtained  only  by  extensive  co- 
operative experiments  by  chemists,  bacteriologists,  and  engineers 
upon  the  changes  that  take  place  in  large  piles  of  fermenting  hay. 
The  piles  must  be  sufficiently  large  (5  tons  or  more)  to  furnish  the 
retention  of  heat  and  insulation  that  are  necessary  to  produce  spon- 
taneous ignition  of  the  hay. 

In  observing  the  changes  that  take  place  in  large  piles  of  ferment- 
ing hay  and  developing  methods  for  the  prevention  of  spontaneous 
heating  and  ignition,  investigators  must  give  special  attention  to  the 
following  factors : 

The  rate  of  heat  production  in  different  parts  of  the  mass  of 
material. 

The  changes  in  chemical  composition  of  the  hay. 

The  oxygen-consuming  power  of  fresh  and  fermented  hay  and  of 
extracts  from  the  same. 

The  migration  of  moisture  from  the  warmer  to  the  cooler  parts  of 
the  stack. 

The  production  of  gases  in  different  parts  of  the  pile. 

The  effect  of  the  entrance  of  outside  air  at  various  stages  of  storage 
upon  producing  an  increase  of  temperature  in  different  parts  of  the 
pile. 

A  study  of  the  conditions  existing  in  the  areas  of  highest  heat 
production. 

The  effect  of  various  methods  of  curing  the  hay. 

The  effect  of  the  addition  to  the  hay  of  salt  and  other  substances. 

The  employment  of  ventilating  flues  and  other  devices. 

The  experiments  must  be  conducted  with  the  most  improved  appa- 
ratus for  the  automatic  recording  of  temperatures  in  different  parts 
of  the  hay  pile,  for  the  collection  of  gases,  for  the  determination  of 
moisture  content,  and  for  conducting  the  numerous  bacteriological, 
analytical,  and  engineering  investigations  demanded  by  a  research  of 
this  kind. 

While  such  an  investigation  must  extend  over  a  period  of  several 
years  and  while  the  costs  for  material,  apparatus,  personnel,  and 
other  expenses  for  a  large-scale  cooperative  research  of  this  kind  will 
be  considerable,  the  expense,  in  view  of  the  immense  agricultural  and 
industrial  losses  which  result  each  year  from  spontaneous  combus- 
tion, will  be  amply  justified.  It  is  only  by  such  research  that  the 
exact  causes  of  the  spontaneous  combustion  of  hay  and  other  agri- 
cultural products  can  be  determined  and  that  satisfactory  means  for 
its  prevention  can  be  found. 
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INTRODUCTION 


The  Bartlett  pear  is  assuminor  a  place  of  increasing  importance  in 
the  fruit  industry  of  the  Pacific  coast.  Both  fresh  shipments  and 
the  packing  of  canned  pears  have  shown  a  steady  growth  during  the 
last  10  years.  In  view  of  the  fact  that  a  large  acreage  planted  to 
Bartlett  pears  is  not  yet  in  bearing,  it  is  probable  that  the  tonnage  of 
this  fruit  to  be  handled,  either  in  the  fresh  state  or  canned  or  dried, 
will  increase  materially  during  the  next  few  years. 

Because  of  the  highly  perishable  nature  of  this  fruit,  special  care 
in  handling  is  necessary  in  order  to  put  it  on  the  market  in  good 
condition  and  at  the  same  time  prolong  the  marketing  season  suffi- 
ciently to  take  care  of  the  rapidly  increasing  tonnage. 

Bartlett  pears  on  the  Pacific  coast  are  grown  under  a  wide  diver- 
sity of  climatic  conditions,  ranging  from  those  of  the  cool  coastal 
districts  to  those  of  the  hot,  dry  interior  valleys.     The  ripening  char- 

'  n.  W.  Richoy  and  J.  C.  Shilletter,  of  the  Division  of  Pomology  of  the  State  Col- 
lege of  Iowa,  assisted  in  the  work  in  California  and  made  many  of  the  tests  herein 
reported.  In  the  Wenatchee  district  L.  A.  Fletcher  took  a  similar  p:irt.  The  coopera- 
tion of  tlw  fruit  and  vegetable  standardizati*  n  bureau  of  the  California  Department  of 
Agriculture  through  furnishing  transportation  and  assistance  is  deeply  appreciated.  The 
storage  tests  at  various  temperatures  were  made  possible  by  the  cooperation  of  the  Security 
Warehouse  &  Cold  Storage  Co.,  San  Jose,  Calif. 
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acteristics  of  pears  vary  considerably  under  these  different  growing 
conditions. 

The  purpose  of  the  investigations  herein  reported  was  to  deter- 
mine as  accurately  as  possible  the  earliest  stage  at  which  Bartlett 
pears  may  be  picked  and  still  ripen  with  satisfactory  quality,  the 
condition  of  fruit  w^hich  when  picked  develops  the  best  quality,  and 
the  latest  stage  at  which  fruit  may  be  harvested  and  still  retain  satis- 
factory storage  and  dessert  quality.  It  was  also  planned  to  make  a 
detailed  study  of  the  influence  of  storage  temperatures  upon  the  rate 
of  ripening  of  Bartlett  pears,  particularly  on  the  effect  of  tempera- 
tures similar  to  those  which  prevail  in  the  tops  and  in  the  bottoms 
of  loads  of  fruit  in  refrigerator  cars  while  in  transit.  These  studies 
have  been  made  with  fruit  from  different  districts  of  California  and 
from  the  Wenatchee  district  of  Washington. 

TIME  FOR  PICKING  BARTLETT  PEARS 

A  number  of  investigations  have  been  conducted  to  determine  the 
befet  time  for  picking  Bartlett  pears.  Lewis,  Magness,  and  Gate  (5)  ^ 
studied  the  increase  in  size,  the  disappearance  of  starch  from  the 
fruit,  and  the  specific  gravity  of  the  juice  in  order  to  determine 
Avhether  any  of  these  tests  were  closely  associated  with  the  dessert 
and  carrying  quality  of  the  fruit.  It  was  found  that  the  fruit 
increased  in  size  as  long  as  it  was  hanging  on  the  tree.  There  was 
a  gradual  disappearance  of  the  starch  from  the  fruit,  but  even  fruit 
which  was  no  longer  in  the  best  picking  condition  retained  so  much 
starch  that  this  test  was  impracticable  as  a  means  of  determining  the 
best  picking  date.  The  specific  gravity  of  the  juice  did  not  change 
sufficiently  to  be  significant.  Lewis,  Murneek,  and  Gate  (6),  Mur- 
neek  (10)^  and  Ilartman  (J),  continuing  the  study  of  Bartlett  pears 
in  the  Eogue  River  Valley  and  other  districts  of  Oregon,  found  a 
very  close  association*  between  the  softening  of  the  fruit  as  measured 
by  a  mechanical-pressure  test  and  the  stage  of  ripeness  of  the  pears. 

Gruess  and  Stone  (1)  followed  the  changes  in  size,  soluble  solids, 
acids,  and  starch  in  Bartlett  pears  harvested  at  intervals  from  early 
until  late  in  the  season.  There  was  not  sufficient  correlation  of  the 
roluble  solids,  acids,  or  starch  content  of  the  fruit  to  give  a  satisfac- 
tory measure  of  the  time  the  fruit  was  readj^  to  harvest. 

All  of  these  investigations  indicated  that  there  was  a  distinct  im- 
provement in  the  dessert  quality  of  Bartlett  pears  up  to  a  certain 
point  as  the  fruit  matured  on  the  tree.  One  of  the  writers  (7),  in  a 
detailed  chemical  study  of  the  ripening  and  storage  of  Bartlett  pears, 
found  that  the  sugar  content,  as  measured  by  chemical  analysis,  in- 
creased rather  rapidly  as  long  as  the  fruit  remained  on  the  tree.  This 
increase,  on  the  average,  ranged  from  5  to  10  per  cent  for  each  10-day 
interval.  Titratable  acidity  at  the  same  time  was  decreasing  in 
most  of  the  fruit,  although  this  change  was  very  irregular. 

All  of  the  investigations  showed  that  neither  size,  nor  sugar  con- 
tent as  measured  by  the  specific  gravity  of  the  juice,  nor  starch  con- 
tent was  a  satisfactory  indicator  of  maturity  or  of  dessert  quality 
in  Bartlett  pears.     The  firmness  of  the  flesh  appeared  to  be  the  most 

-Reference  is  made  by  italic  numbers  in  parentheses  to  "Literature  cited,"  p.  26. 
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satisfactory  index  of  pear  maturity  available.  Consequently,  it  was 
decided  to  follow  in  detail  the  changes  in  firmness  of  the  flesh  in 
pears  from  the  principal  commercial  districts  of  California  and  from 
the  Wenatchee  district  of  Washington,  and  to  determine  the  limits  of 
satisfactory  maturity  as  measured  by  the  pressure-test  method. 
Careful  determinations  of  the  color  between  the  lenticels  or  "  dots  " 
were  also  made  and  recorded. 

METHODS  OF  ESTIMATING  FIRMNESS  AND  COLOR 

In  this  investigation,  the  work  was  planned  to  give  general  data 
on  the  rate  of  softening  of  fruit  in  the  different  growing  sections  as 
well  as  to  determine  the  dependability  of  the  pressure  test  as  an  index 
of  maturity  or  quality. 

At  intervals  of  a  week'to  10  days,  general  surveys  were  made  of 
some  of  the  larger  producing  sections,  and  records  were  obtained  of 
the  conditions  of  the  fruit  in  a  number  of  orchards.  These  orchards 
were  scattered  throughout  the  different  districts  and  represented  an 
average  cross  section  of  the  conditions  that  prevailed  in  them. 

In  determining  the  condition  of  the  fruit  then  in  the  orchard,  the 
larger  specimens  available  at  tlie  time  were  used,  these  being  the 
pears  which  on  the  average  would  be  harvested  if  picking  operations 
were  under  way  on  the  date  of  making  the  test.  Ten  pears  selected 
from  several  trees  were  used  for  the  test  in  each  orchard.  The  finn- 
ness  and  the  ground  color  of  the  fruit  as  well  as  its  size  were  recorded 
as  accurately  as  possible. 

The  firmness  of  the  flesh  was  determined  by  means  of  the  United 
States  Department  of  Agriculture  pressure  tester,  using  a  plunger 
point  five-sixteenths  of  an  inch  in  diameter.  This  tester  (9)  meas- 
ures the  pressure  in  pounds  required  to  force  such  a  rounded  plunger 
point  into  the  fruit  to  the  depth  of  five-six-teenths  of  an  inch.  In  all 
of  the  experiments  herein  reported  the  skin  was  removed  from  the 
fruit,  and  the  test  was  made  directly  on  the  flesh.  Two  or  three  tests 
were  made  on  each  fruit. 

The  average  ground  color  on  the  pears  used  for  pressure  testing 
was  recorded  by  comparing  the  fruit  color  with  the  chart  shown  in 
Plate  1.  Round  holes  about  three-fourths  of  an  inch  in  diameter  were 
cut  in  the  center  of  each  color  section.  The  pears  were  then  placed 
behind  the  color  chart,  and  the  color  between  the  lenticels  was  re- 
corded in  terms  of  the  chart  colors.  For  example,  color  1  would  cor- 
respond to  No.  1  in  the  color  chart;  IV2  would  be  half  way  between 
No.  1  and  No.  2;  color  2  to  2+  would  represent  colors  similar  to 
No.  2,  or  slightly  more  yellow. 

In  addition  to  the  pressure-test  and  color  determinations  careful 
notes  were  made  of  the  browning  of  the  lenticels  or  dots  due  to  the 
formation  of  cork.  One  of  the  writers  (9)  had  found  this  to  be  a 
fairly  good  indication  of  the  approach  of  picking  maturity.  The 
ease  of  separation  of  the  fruit  fi-om  the  spur  and  the  finish  of  the 
fruit  were  also  noted.  The  term  "  finish  "  refers  to  the  rounding  out 
of  the  fruit  and  to  the  characteristic  smoothness  and  waxiness  taken 
on  by  the  skin  as  the  fruit  matures. 

Besides  the  fruit  used  for  pressure  testing,  several  i)ears  from  each 
orchard  were  taken  at  the  time  of  each  survey  and  held  for  12  days 
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at  a  temperature  of  about  52°  F.  This  represents  approximately  the 
average  temperature  in  the  top  layers  of  a  refrigerator  car  in  transit 
east  loaded  with  fruit  not  precooled.  The  fruit  was  then  removed 
from  52°  and  held  at  about  75°  until  ripe  and  overripe.  The  quality 
of  the  different  lots  as  well  as  the  tendency  to  shrivel  and  the  way 
the  fruit  held  after  becoming  ripe  were  recorded.  In  the  Wenatchee 
district  from  20  to  30  pears  were  taken  at  each  picking  and  were 
held  at  75°.  Notes  were  taken  at  intervals  as  to  the  character  of  the 
ripened  product,  and  the  time  required  to  ripen  and  ultimately  to 
break  down  was  determined. 

During  the  1925  season  surveys  were  made  in  California  in  the 
Sacramento  River  district,  in  Santa  Clara  County,  and  in  Placer 
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Figure  1. — Softening  of  Bartlett  pears,  California,  1925 

County.  In  1926  surveys  were  repeated  in  these  three  districts  and 
also  were  made  in  the  Vacaville  district  and  the  Fairfield-Suisun 
district  (in  Napa  and  Sonoma  Counties)  of  California  and  in  the 
Wenatchee  district  of  Washington.  In  addition  one  or  more  surveys 
were  made  in  the  Placerville  district,  in  the  upper  Sacramento  River 
district  about  Marysville,  and  in  Lake  County,  Calif.,  as  well  as  in 
the  Rogue  River  Valley,  Oreg.  Tests  in  the  Wenatchee,  Wash.,  dis- 
trict were  continued  through  1927. 


EXPERIMENTAL    DATA 


\    1' 


In  Figure  1  the  softening  of  Bartlett  pears  during  the  1925  season 
in  certain  of  these  districts  is  shown.  It  is  apparent  that  on  the  aver- 
age the  fruit  softens  2  to  3  pounds  during  each  10  days.     Fruit  from 
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the  Sacramento  River  district  was  earlier  than  that  from  any  other 
section  studied,  as  indicated  by  the  softness  of  the  flesh,  whereas  that 
from  Placer  County  averaged  about  10  days  later  in  reaching  the 
same  stage  of  softness.  Avera<j:e  figures  in  districts  such  as  Placer 
County  or  Wenatchee  are  significant  only  as  a  basis  of  comparison. 
The  wide  range  of  topography  in  (hose  districts  results  in  considerable 
variation  in  maturity  even  in  closely  adjacent  districts. 

In  Figure  2  is  shown  the  softening  rate  of  Bartlett  pears  from  the 
different  districts  studied  in  192G.  Each  point  on  the  curves  in  both 
Figures  1  and  2  represents  the  average  of  the  pressure  in  the  district 
on  the  date  given,  based  on  an  average  of  5  to  10  orchards. 

In  a  comparison  of  Figure  1  and  Figure  2  it  is  apparent  that  the 
season  of  1926  was  approximately  15  days  earlier  than  the  season  of 
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FiGDRB  2. — Softening  of  Bartlett  pears  from  the  different  districts  studied  In  1926 

1925.  Fruit  in  the  Sacramento  River  district  reached  a  pressure  test 
of  20  pounds  about  July  15,  1925,  whereas  in  192G  this  same  condition 
was  reached  on  June  28.  Similarly,  Placer  County  fruit  reached  a 
test  of  20  pounds  on  July  28,  1925,  and  a  like  condition  on  July  13, 
192G.  This  outstanding  difference  between  the  two  seasons  was  ap- 
parently due  almost  entirely  to  the  fact  that  the  blooming  season  in 
1926  was  two  or  three  weeks  earlier  than  in  1925,  owing  to  the  warm 
spring  temperatures.  No  outstanding  difference  in  climatic  condi- 
tions followed  the  blooming  period  during  the  two  seasons.  A  bloom- 
ing season  in  the  AVenatchee  district  approximately  two  wTeks  later 
in  1927  than  in  1926  was  also  followed  by  the  fruit  being  two  weeks 
later  in  ripening. 

In  general  in  1926  the  rate  of  softening  during  the  period  under 
test  was  2  to  3  pounds  for  each  10-day  period.  The  average  rate  of 
softening  seemed  to  be  very  similar  in  the  different  sections  with  the 
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exception  of  Vacaville,  where  softening  appeared  to  be  slower  than 
in  the  other  districts. 

The  relative  maturity  of  fruit  in  the  different  districts,  as  indi- 
cated by  pressure-test  data  in  Figure  2,  is  particularly  interesting. 
The  fruit  from  the  Sacramento  River  district  (representing  the 
earliest  maturity)  and  that  from  the  Wenatchee  district  in  north- 
central  Washington  (representing  a  late  section)  was  only  about 
20  days  apart  in  condition.  This  shows  that  there  is  only  a  relatively 
small  spread  in  the  harvesting  season  due  to  variation  in  time  of 
maturity.  It  is  true  that  there  is  a  spread  of  somewhat  more  than 
20  days  between  peak  shipments  from  Sacramento  Valley  points  and 
peak  shipments  from  the  late-shipping  districts,  but  this  is  due  to  the 
fact  that  in  these  later  districts  the  fruit  is  normally  harvested  in  a 
more  mature  condition. 

Table  1  shows  the  location  of  the  orchards  and  the  detailed  pres- 
sure tests  made  in  each  during  the  1926  season  in  the  Sacramento 
River  district.  It  will  be  noted  that  not  until  June  21,  when  the 
average  fruit  of  the  district  showed  a  pressure  test  of  21.9  pounds 
and  when  fruit  from  all  of  the  orchards  averaged  less  than  23  pounds, 
was  fruit  obtained  that  ripened  with  fair  quality.  A  week  earlier, 
when  the  fruit  from  this  district  was  testing  23.5,  the  flavor  was 
poor  and  insipid.  Although  this  latter  fruit  softened  with  only 
slight  shriveling,  it  was  found  that  within  two  days  after  the  fruit 
was  eating  ripe  it  was  breaking  down  and  was  entirely  past  market 
condition.  Fruit  harvested  later,  testing  22  pounds  and  less,  was  of 
fair  to  good  flavor  when  ripe,  with  an  attractive  yellow  color,  and 
it  held  in  satisfactory  market  condition  for  a  longer  period  after 
becoming  ripe. 

Table   1. — Softening   of   Bartlett   pears   from   the   Sacramento   River   district, 

California,  1926 


Pressure  test  (pounds)  from  orcyiard— 

Color  of 
fruit 

Date 

Islcton 

Wal- 
nut 
Grove 

Steamboat 
Slough 

Court 
land 

Hood 

Aver- 
age 

Condition  of  ripened 
fruit 

No. 

No. 

No. 

No. 

1 

2 

1 

2 

24  7 

24.  5 

25.2 

25  6 

25.  5 

24.3 

25.0 

Shriveled,  quality  flat,  very 
Slight  shriveling,  color  yel- 

11 

23.2 

2.3.6 

24.  1 

23.8 

22.9 

23.0 

24.0 

23.5 

m. 

low,  tinged  with  green; 

flavor  poor,  insipid;  fruit 

broke    down    two    days 

after  ripening. 

21 

21.8 

22.4 

22.4 

22.6 

21.0 

21.4 

21.4 

21.9 

U^to2 

Very  little  shriveling,  good 
clear  yellow  color;  flavor 
fair  to  good,  mostly  fair; 
held  well  after  ripening. 

28 

20.2 

20.5 

19.8 

20.4 

19.7 

19.8 

10.x 

19.9 

do 

No  shriveling,    attractive 
yellow  color;  flavor  fair 

July    7 

18.1 

18.2 

19.3 

18.5 

17.8 

18.3 

18.4 

2  to  2+ 

to  good. 
Good   yellow   color;   good 
flavor,  aromatic. 

20 

16.6 

18.1 

18.5 

16.4 

16.7 

16.5 

17.1 

2  to  3.  most- 
ly 2^A. 

Quality  good  to  very  good; 
held  well  after  ripening. 

Table  2  shows  the  detailed  figures  for  the  surveys  made  in  Placer 
County.     This  is  a  warmer  district,  at  a  higher  elevation,  and  the 
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water  supply  is  short  in  certain  orchards.  There  was  considerable 
variation  in  the  different  orchards  because  the  topography  of  the 
district  is  rolling,  with  various  exposures  and  elevations. 

Tabi-K  2. — Softening  of  Bartlett  pears  from  Placer  County,  Calif.,  1926 


Pressure  test  (pounds)  from  orchard— 

Color  of 
fruit 

Date 

Loo- 
mls 

Monto  Rio 

Pen- 
ryn 

Newcastle 

Aver- 
age 

Condition  of  ripened  fruit 

No. 
1 

No. 

2 

No. 
1 

No. 
2 

June  15 
22 

July    8 

20 

27.3 
25.0 

22.9 

20.4 

25.3 
23.3 

20.0 

16.8 

27.4 
23.9 

20.3 

19.2 

2&2 
22.8 

20.4 

19.0 

27.3 
23.6 

21.7 

19.4 

215 
22.0 

20.6 

17.2 

26.3 
23.4 

2L0 

1&7 

Mostly  Hi.. 
l>^to2 

2  to  2+ 

2  to  2^ 

Shriveled,  poor  quality,  astringent. 
Slight  shriveling,  good  appearance, 

quality  fair. 
No  shriveling,  full  yellow,  quality 

good  to  very  goo<l. 
Full  yellow,  quality  very  good. 

In  this  district  on  June  22,  with  an  average  pressure  test  of  23.4 
pounds,  the  fruit  was  of  fair  quality  and  showed  very  slight  shrivel- 
in[^.  On  July  8,  with  a  pressure  test  of  21  pounds,  the  quality  was 
very  good.  In  the  Sacramento  River  district  equal  quality  was  not 
obtained  until  the  fruit  was  testing  under  20  pounds. 

Tables  3,  4,  and  5  give  in  detail  the  data  for  fruit  from  the  Vaca- 
ville  district,  a  relatively  hot,  dry  section;  for  the  Suisun  district, 
located  only  a  few  miles  from  Vacaville,  but  nearer  to  San  Francisco 
Bay  and  with  a  cooler  growing  season ;  and  for  Santa  Clara  Valley, 
which  is  also  near  San  Francisco  Bay,  with  summers  somewhat  cooler 
than  in  the  Suisun  district. 

Tables. — Ripening  of  Bartlett  pears  from  the  Vacaville  district,  California,  1926 


Date 

Pressure  test  (pounds)  from 
orchard- 

Color  of 
fruit 

Condition  of  rli)enod  fruit 

No.  1 

No.  2 

No.  3 

No.  4 

Aver- 
age 

July    1 

13 
21 

23.2 

20.4 
20.2 

23.  T' 

22.7 
2L3 

23.0 

20.5 
19.6 

24.5 
*26."7' 

23.6 

21.2 
20.4 

2to2+ 

2to2H 
2>ito3 

Full  doar  yellow,  quality  good  to  very  good,  no 
shriveling. 

Full  clear  color,  quality  very  good. 

Full  yellow,  clear  color,  quality  fair  to  good,  some- 
what dry  and  insipid. 

Table  4. — Softening  of  Bartlett  pears  from  the  Suisun  district,  Calif m-nia,  1926 


Pressure  test  (pounds)  from 
orchard- 

Color  of 
fruit 

Date 

Condition  of  ripened  fruit 

No.  1 

No.  2 

No.  3 

No.  4 

Aver- 
age 

June  24 
21 

22.3 

20.1 
18.2 

16.7 

22.8 

2L3 
19.8 

19.5 

23.8 

20.7 
20.2 

23.2 

ia7 

18.2 
18.3 

23.0 

20.2 
19.1 

1&2 

lHto2 

2  to  2- 

l>ito2 

Mostly  2)^.. 

Quality  lair,  little  shriveling,  rather  flat  and 

insipid. 
Clear  yellow  color,  no  shriveling,  quality  good. 
Good  clear  color,  good  to  very  good  flavor,  held 

well  afU'r  riiiening. 
Quality  mostly  good,  color  good  clear  yellow. 
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Table  5. — Softening  of  Bartlett  pears  from  Santa  Clara  Valley,  Calif.,  1926 


Date 

Pressure  test  (pounds) 
from  orchard- 

Color  of  fruit 

Condition  of  ripened  fruit 

No.  1 

No.  2 

No.  3 

Aver- 
age 

June  26 

21.3 

21.5 
20.6 

19.7 

16.7 

21.5 

21.5 
19.5 

19.8 

20.9 

21.2 

21.5 
20.0 

19.75 

16.7 

1  to  VA-... 

Yellow,   no  shriveling;  juicy,  but  flat  in  flavor, 

quality  fair. 
Flat  in  flavor,  quahty  fair. 
Yellow,  clear  color,  no  shriveling,  quality  fair  to 

good. 
Full  yellow,  quality  good,  l)est  quality  of  any  fruit 

tested  from  district. 

30 
July     5 

10 

itolH 

VA  to  2,  mostly 

lA 

26 

2 

Tables  1  to  5  also  give  a  record  of  the  color  of  the  fruit  from  the 
several  districts  at  the  different  dates,  the  colors  being  estimated  as 
heretofore  described  and  recorded  according  to  the  color  number 
on  the  color  chart  shown  in  Plate  1  Vvith  which  they  compare  most 
closely. 

Tables  6  and  7  present  records  on  fruit  from  the  Wenatchee  dis- 
trict of  Washington  for  the  seasons  of  1926  and  1927,  respectively. 
Samples  w^ere  taken  from  orchards  in  the  vicinity  of  Rock  Island, 
one  of  the  earliest  and  warmest  sections,  from  orchards  in  the  neigh- 
borhood of  Wenatchee  proper,  and  some  from  near  Peshastin,  the 
coolest  portion  of  the  district. 

Table  6. — Softening  of  Bartlett  pears  from  WenatcUce  Valley,  Wash.,  1926 


Pressure  test  (pounds)  from  orchard- 

Color 
of  fruit 

Date 

Rock  Island 

Wenatchee 

Peshastin 

Aver- 
age 

Condition  of  ripened  fruit 

No.l 

No.  2 

No.  3 

No.l 

No.  2 

No.  3 

No.l 

No.  2 

July  9 
20 
29 

Aug.  5 
16 

22.8 
20.0 
17.6 
15.7 

19.7 
17.7 
15.2 
14.5 
13.7 

20.1 
18.  6. 
16.0 
14.8 
14.5 

20.7 
.18.7 
17.0 
15.3 
14.5 

21.2 
18.5 
16.7 
15.8 
13.5 

20.6 
18.3 
16.9 
15.6 

24.4 
19.6 
17.5 
16.1 
13.3 

"26.1' 
17.7 
16.6 

21.3 
19.0 
16.9 
15.5 
13.9 

ItolH 
VAto2 
2  to  21^ 
2  to  2H 
2A 

Poor  to  fair,  shriveled. 

Fair  to  good. 

Good  to  very  good. 

Fair  to  good. 

Fair  to  good,  mostly  fair. 

Table  7. — Softening  of  Bartlett  pears  from  Wenatchee  Valley,  Wash.,  1927 


Pressure  tost  (pounds)  from  orchard- 

Color 
of  fruit 

Date 

Rock  Island 

Wenatchee 

Peshastin 

Av- 
erage 

Condition  of  ripened  fruit 

No.l 

No.  2 

No.  3 

No.l 

No.  2 

No.  3 

No.l 

No.  2 

July  25 

Aug.    6 

15 

22 

30 

21.9 
19.0 
18.3 

20.4 
18.2 
16.9 
16.0 
14.5 

20.8 
18.1 
16.6 
14.5 
13.6 

20.7 
19.3 
17.0 

20.5 
17.6 
16.3 
15.7 
14.2 

19.5 
17.1 
16.7 
16.0 
15.8 

2L7 
19.7 
17.5 
16.2 
14.1 

"2i.'2^ 
18.0 
16.9 
15.0 

20.8 
18.8 
17.2 
15.9 
14.5 

1 

IM 

2 
2to2H 
2Hto3 

Wilted,  poor. 
Fair  to  good. 

Do. 
Good  to  very  good. 
Fair  to  good. 

Tables  1  to  7  show  a  very  interesting  variation  in  the  tendency  of 
the  fruit  to  yellow  and  to  soften  in  different  districts  and  under 
different   growing   conditions.     In   the    cool    districts    with    ample 
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moisture  supply  the  pears  tend  to  be  somewhat  softer  and  greener  in 
color,  whcrea^s  in  the  hotter  districts,  particularly  where  there  is 
water  shortage,  the  fruit  tends  to  be  yellower  while  still  distinctly 
firm.  For  example,  the  fruit  from  the  dry  orchards  in  the  Vacaville 
district  showed  a  color  of  2  to  2+  on  July  1,  with  an  average  pres- 
sure test  of  23.6  pounds;  in  the  Santa  Clara  Valley,  on  the  other 
hand,  with  a  cooler  season  and  ample  soil  moisture,  fruit  did  not  reach 
a  similar  color  stage  until  July  26,  w^hen  it  was  past  its  best  picking 
conditions  and  had  a  pressure  test  of  16.7  pounds.  Fruit  from  the 
Sacramento  River  district  did  not  reach  a  color  stage  of  2  to  2-1- 
until  July  7,  when  the  average  pressure  test  was  18.4  pounds.  Fruit 
from  the  Wenatchee  Valley  did  not  reach  a  color  stage  corresponding 
to  2  until  it  tested  well  under  20  pounds.  Fruit  from  Placer  County 
reached  this  color  stage  while  testing  21  to  23  pounds. 

The  general  observation  that  the  fruit  yellows  while  still  firm,  in 
the  hotter,  drier  districts,  was  further  substantiated  by  some  tests 
made  in  Lake  County  as  well  as  in  the  Napa  and  Sebastopol  districts. 
Fruit  from  Lake  County,  particularly  where  grown  with  a  shortage 
of  water,  showed  a  distinctly  yellow  tint  while  still  very  firm,  but 
the  i^ears  from  the  vicinity  of  Napa  and  Sebastopol,  gi'own  under 
cool  climatic  conditions,  remained  green  in  color  even  when  becom- 
ing fairly  soft. 

Tables  1  to  7,  giving  pressure  tests,  color,  and  the  ripening  quality 
of  the  fruit,  indicate  that  no  single  test  is  entirely  satisfactory  for 
determining  when  Bartlett  pears  from  all  of  the  different  districts 
are  sufficiently  mature  to  be  of  good  quality  when  ripened.  In  the 
Vacaville  section,  fruit  testing  about  23  pounds  ripened  with  very 
^ood  quality,  whereas  fruit  from  the  Sacramento  River  district  show- 
ing about  equal  firmness  was  poor  to  only  fair  in  quality.  In  the 
Santa  Clara  Valley  and  the  Wenatchee  district  pears  testing  23 
pounds  have  been  almost  invariably  of  poor  quality. 

Similarly,  the  color  of  the  fruit  is  not  an  entirely  satisfactory  indi- 
cation of  its  maturity.  Fruit  from  the  cool  coastal  valleys  remains 
green,  with  relatively  little  yellowing  until  past  its  best  commercial 
condition. 

In  order  to  govern  satisfactorily  the  harvesting  date  of  Bartlett 
pears  under  different  growing  conditions,  picking  regulations  should 
be  based  on  two  alternative  tests  for  the  time  that  harvesting  may 
commence.  In  the  growing  districts  w^ith  warm  temperatures  the 
pressure  test  is  probably  the  most  satisfactory  index.  Fruit  from 
these  districts  will  generally  ripen  with  fair  quality  if  harvested 
when  the  average  pressure  test  on  10  or  more  pears  is  under  23  pounds. 
For  the  best  quality,  fruit  from  these  districts  should  test  under  20 
pounds  when  harvested. 

In  very  hot  districts,  and  particularly  where  the  fruit  is  grown 
with  a  shortage  of  water,  the  fruit  tissue  appears  to  be  tougher  and 
harder.  Some  fruit  may  show  a  yellow  tint  in  the  skin  while  its 
pressure  test  is  above  23  pounds.  After  such  fruit  has  developed  a 
slight  yellowing  in  the  color  between  tlie  lenticels  or  dots,  it  has  been 
found  to  ripen  without  shriveling  and  with  fair  to  good  quality.  If 
fruit  is  not  harvested  until  it  shows  a  pressure  test  under  23  pounds, 
or  until  the  color  corresponds  to  No.  2  in  Plate  1,  it  will  generally 
ripen  with  fair  quality. 

56500"— 29 2 
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In  the  coolest  districts  fruit  grown  with  ample  soil  moisture  will 
generally  be  of  poor  quality  if  harvested  when  testing  above  20  pounds 
pressure.  The  pressure  test  is  a  valuable  aid  in  determining  the 
jDroper  time  of  picking  in  any  district,  but  the  optimum  picking  pres- 
sure for  the  fruit  will  vary  somewhat  under  different  growing 
conditions. 

In  addition  to  the  pressure  test  and  color,  the  corking  of  the 
lenticels  and  general  finish  of  the  fruit  are  valuable  as  indices  of 
picking  maturity.  The  lenticels  of  the  immature  pear  are  white; 
as  cork  cells  develop  they  become  dark  brown  in  color  and  shallow 
in  appearance.  The  development  of  this  dark-brown  color  in  the 
lenticels  is  a  good  indication  that  the  fruit  will  ripen  without 
shriveling.  The  development  of  a  characteristic  smoothness  or  waxi- 
ness  in  the  skin  and  the  rounding  out  of  the  fruit  are  also  valuable 
guides  in  determining  the  optimum  picking  conditions. 

HANDLING  BARTLETT  PEARS  FOLLOWING  HARVEST 

A  wide  variation  in  the  type  of  handling  is  necessary  to  meet 
different  market  conditions  with  Bartlett  pears  from  the  various 
districts  of  the  Pacific  coast.  In  the  earlier  shipping  districts  the 
fruit  intended  for  immediate  consumption  on  the  fresh  market  is 
shipped  east  generally  without  precooling.  Usually  it  is  desirable 
that  the  fruit  arrive  on  the  market  in  such  a  condition  that  it  will 
quickly  reach  the  eating-ripe  stage.  Fruit  from  these  early  districts 
is  not  held  in  cold  storage  either  at  the  shipping  point  or  at  eastern 
terminals  to  any  appreciable  extent. 

Fruit  in  these  districts  is  normally  packed  and  loaded  in  the  cars 
within  24  hours  of  the  time  of  picking.  Transit  time  to  eastern  sea- 
board points  under  present  shipping  conditions  is  12  to  14  days, 
during  which  period  temperature  conditions  to  which  the  fruit  is 
exposed  are  variable.  The  fruit  loaded  in  the  bottom  of  the  car  will 
be  carried  at  a  temperature  averaging  approximately  40°  F.,  whereas 
the  fruit  loaded  at  70°  to  90°  in  the  top  layer  of  the  car  will  gradually 
cool  to  temperatures  ranging  from  45°  to  50°  at  the  time  of  unloading. 
The  temperatures  for  the  12-day  trip  in  the  top  layers  of  pears  in  a 
modern  refrigerator  car  Avill  usually  average  from  52°  to  54°. 

It  is  frequently  desirable  to  postpone  the  time  of  consumption  of 
Bartlett  pears  from  the  later  shipping  districts  as  much  as  possible ; 
consequently,  the  fruit  is  held  in  cold  storage  either  at  the  shipping 
point  or  at  destination.  Such  fruit  may  be  precooled  prior  to  ship- 
ping or  may  be  loaded  warm  into  iced  cars. 

If  the  fruit  is  loaded  directly  from  the  orchard,  temperature  con- 
ditions in  transit  will  be  approximately  those  mentioned  above;  if 
it  is  precooled,  temperatures  in  transit  will  be  very  much  lower. 
The  term  "  precooled  "  is  applied  to  fruit  placed  in  cold-storage 
rooms  equipped  for  heavy  refrigeration  and  held  there  until  the 
temperature  of  the  fruit  in  the  centers  of  the  boxes  is  below  40°. 
With  packed  pears  this  usually  can  be  accomplished  in  36  to  48  hours. 
The  fruit  is  then  loaded  into  the  cars.  Temperatures  in  the  bottom  of 
a  carload  of  such  fruit  will  generally  average  between  38°  and  40°, 
whereas  temperatures  in  the  top  of  the  car  will  average  about  45° 
for  the  period  of  transit. 
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When  cold-storage  space  is  available  at  the  shipping  point,  as  in 
most  of  the  districts  in  the  Pacific  Northwest,  the  fruit  is  frequently 
held  as  long  as  two  months  before  loading.  The  temperature  in 
storage  is  generally  held  at  about  30°  F.,  so  that  the  fruit  is  thor- 
oughly chilled  when  loaded.  Under  these  conditions  the  temperature 
in  transit  is  generally  slightly  below  that  in  the  precooled  cars  here- 
tofore mentioned.  The  temperature  is  lower  partly  because  the  fruit 
is  cooled  prior  to  loading  and  partly  because  the  later  shipment  is 
made  in  somewhat  cooler  weather. 

In  addition  to  the  Bartlett  pears  for  eastern  shipment,  handled  by 
these  methods,  large  quantities  of  pears  for  canning  are  handled 
through  cold  storage.  This  fruit  is  placed  in  storage  and  held  for 
one,  two,  or  in  some  cases  even  three  months,  and  is  then  removed 
from  cold  storage  and  allowed  to  ripen.  Under  these  conditions  the 
storage  temperature  can  usually  be  maintained  at  whatever  point 
seems  most  desirable. 

One  of  the  writers  (9)  has  recommended  that  for  the  longest  peri- 
ods of  storage  Bartlett  pears  should  be  held  at  a  low  temperature, 
preferably  around  30°  F.  Overholser  and  Latimer  (11)  reported  that 
much  longer  storage  is  possible  for  pears  held  at  32°  than  for  sim- 
ilar fruit  held  at  36°.  Under  commercial  shipping  conditions,  how- 
ever, it  is  impracticable  to  maintain  there  temperatures  while  the 
fruit  is  in  transit.  In  order  to  determine  the  storage  life  of  Bart- 
lett pears  handled  under  diffei'ent  commercial  conditions,  a  detailed 
study  of  the  effect  of  different  storage  temperatures  upon  the  rate  of 
ripening  and  breakdown  of  the  fruit  was  undertaken. 

One  of  the  writers  (9)  also  pointed  out  the  relationship  between 
climatic  conditions  under  which  the  fruit  is  grown  and  its  reputation 
for  holding  up  during  handling  and  storage.  Consequently,  in  this 
investigation  it  was  planned  to  conduct  tests  with  fruit  from  districts 
where  fruit  has  the  reputation  of  being  of  poor  shipping  quality  and 
from  districts  producing  fruit  of  good  shipping  quality  and  texture. 
The  relationship  of  the  stage  of  maturity  at  the  time  of  harvest  to 
storage  and  handling  quality  of  the  fruit  was  also  determirted. 

PLAN    OF    EXPERIMENTAL    WORK 

Fruit  for  storage  tests  was  procured  from  three  of  the  principal 
pear-producing  districts  of  California,  which  included  the  Santa 
Clara  Valley^  the  Sacramento  River  district,  and  the  Sierra  Nevada 
foothill  district  in  Placer  County. 

The  fruit  from  the  Santa  Clara  Valley  was  obtained  within  a  few 
miles  of  San  Jose.  The  soil  in  the  orchard  was  moderately  heavy, 
and  the  trees  were  producing  a  very  heavy  crop  of  fruit.  This  dis- 
trict is  located  about  30  miles  from  the  Pacific  Ocean  near  San  Fran- 
cisco Bay  and  has  a  cooler  growing  season  than  do  the  other  districts 
studied.  Nights  during  the  summer  are  generally  cool  and  sometimes 
foggy. 

The  Sacramento  River  district  is  an  area  lying  along  the  river  be- 
low Sacramento.  The  soil  is  a  rich,  deep  loam  lying  only  a  few 
feet  above  the  river.  This  district  is  characterized  by  a  moderately 
warm  growing  season^  intermediate  between  that  at  San  Jose  and  that 
in  the  foothills.    Fruit  was  obtained  from  near  Courtland, 
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Fruit  representative  of  the  Sierra  Nevada  foothill  district  was  ob- 
tained near  Newcastle,  Placer  County.  This  district  is  characterized 
by  relatively  warm  days  and  nights.  The  elevation  is  about  1,500 
feet  at  the  point  where  the  fruit  was  procured.  The  mean  summer 
temperatures  for  these  districts  and  for  Wenatchee,  Wash.,  during 
1926  are  shown  in  Table  8. 

Tabi.e  8. — Mean  monthly  temperatures  in  districts  from  tchich  storage  fruit 

was  ohtained,  1926 


District 

Weather  Bureau  station 

Mean  temperature  (°  F.) 

May 

June 

July 

August 

Santa  Clara  Valley 

San  Jose. 

61.9 
66.4 
65.2 
68.3 

66.2 
73.4 

78.2 
70.2 

66.8 
77.0 
80.8 
75.5 

Sacramento  Valley 

Sacramento... 

Auburn 

Wenatchee,  Wash 

70.2 

The  mean  temperature  in  June  and  July  in  the  Sacramento  dis« 
trict  was  7°  to  10°  F.  above  that  at  San  Jose.  The  temperature  at 
Courtland  was  probably  slightly  below  that  at  Sacramento,  since 
Courtland  is  considerably  nearer  San  Francisco  Bay.  The  tempera- 
ture at  Auburn  averaged  about  4°  above  that  at  Sacramento  for 
June  and  July.  Thus  the  average  temperature  in  the  foothills  dis- 
trict was  more  than  10°  above  that  in  the  Santa  Clara  Valley.  The 
temperatures  at  Wenatchee,  Wash.,  during  June  and  July  w^ere  inter- 
mediate between  those  in  the  Santa  Clara  and  Sacramento  Valleys. 

Three  pickings  of  fruit  were  obtained  from  orchards  in  each  dis- 
trict of  California.  Fruit  chosen  for  the  first  picking  represented 
early  commercial-harvest  conditions  and  consisted  of  the  larger  sizes 
available  on  the  trees.  The  second  picking  from  each  orchard  was 
made  at  the  height  of  the  commercial  season,  and  the  third  was  made 
near  the  close  of  the  commercial  season. 

In  addition  to  these  lots  of  fruit,  one  lot  picked  in  midseason  from 
Lake  County,  Calif.,  was  also  studied.  Lots  of  fruit  ^  from  other 
orchards  of  these  districts  were  held  as  checks,  but  are  not  reported 
upon  in  detail. 

The  pears  selected  as  representative  of  the  Wenatchee  district  were 
taken  from  a  number  of  orchards  distributed  from  Kock  Island,  in 
the  lower,  hotter,  drier  section  of  the  district,  to  Peshastin,  which 
represents  a  higher  and  slightly  more  humid  area. 

The  orchards  are  located  in  the  Columbia  and  Wenatchee  Valley 
floors  at  elevations  of  600  to  1,100  feet,  the  higher  altitudes  being  in 
the  cooler  localities  of  the  district.  Orchards  were  selected  that  had 
various  soil  conditions  such  as  are  typical  of  the  Wenatchee  district. 
Pickings  were  made  throughout  the  growing  seasons  of  1926  and  1927 
at  about  10-day  intervals. 


STORAGE    CONDITIONS 


In  the  experiments  in  California  all  the  fruit  except  that  from 
Lake  County  arrived  at  the  storage  plant  within  24  hours  of  the  time 
of  picking.  For  storage  tests  under  varying  conditions  it  was  sepa- 
rated into  five  lots  and  stored  at  the  following  temperatures :  Lot  1, 
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30°  to  31°  F.;  lot  2,  3G° ;  lot  3,  43° ;  lot  4,  53° ;  lot  5  fluctuated  from 
60°  to  70°,  avera^injr  about  65°. 

Lot  3  represents  the  average  temperature  in  transit  in  the  lower 
part  of  cars  loaded  with  warm  fruit,  or  in  the  center  and  upper  part 
of  cars  filled  with  fruit  that  was  cooled  before  being  loaded.  The 
temperature  in  the  top  layer  of  a  car  loaded  with  precooled  fruit 
will  usually  average  slightly  higher. 

Lot  4  approximates  the  average  temperature  in  the  tops  of  cars 
in  which  the  fruit  is  shipped  without  preoooling. 

After  12  days  some  of  the  fruit  held  at  43°  F.  and  some  of  that  held 
at  53°  was  removed  to  a  room  having  a  temperature  of  31°,  in  order 
to  simulate  storage  of  precooled  and  nonprecooled  fruit  at  the  eastern 
terminals. 

At  the  time  it  was  harvested  and  placed  in  storage,  samples  of  this 
fruit  were  pressure  tested  in  the  manner  heretofore  described,  and 
the  size  and  color  of  the  fruit  were  recorded.  Pressure  tests  were 
taken  at  intervals  of  3  days  on  the  samples  held  at  53°  and  65°  F. 
and  at  intervals  of  6 
days  on  the  samples 
held  at  43°.  Every 
15  days  tests  of  sam- 
ples held  at  36°  and 
31°  were  made. 

At  intervals  of  15 
days  samples  of  fruit 
from  the  36°  and  31° 
F.  lots  were  with- 
drawn from  storage 
and  held  at  tempera- 
tures of  about  60° 
to  determine  whether 
they  would  ripen  sat- 
isfactorily. In  some 
cases  samples  of  this 
fruit  were  also  ex- 
posed to  a  temperature  of  43°  for  12  days  to  determine  whether  or 
not  it  would  prove  suitable  for  eastern  shipment. 

These  detailed  storage  tests  were  carried  on  during  the  seasons  of 
1925  and  1926  with  fruit  from  the  California  districts.  Results  in 
the  two  seasons  were  so  closely  comparable  that  both  series?  are  not 
reported  in  detail. 

In  the  AVenatchee  district  the  pears  were  stored  within  24  hours 
of  the  time  they  were  picked.  Part  of  the  fruit  was  held  at  60°  to 
65°  F.,  and  the  remainder  was  placed  in  cold  storage  ranging  from 
30°  to  32°.  At  intervals  of  one  month,  fruit  from  cold  storage  was 
withdrawn  and  allowed  to  ripen  at  about  65°.  Because  of  the  lack 
of  facilities  it  was  not  possible  to  handle  tins  fruit  at  the  intermediate 
temperatures  of  36°,  43°,  and  53°,  as  was  done  with  the  California 
fruit. 

BEHAVIOR  OF   THE  PEARS  IN  STORAGE 


Figure  3. 


-Softening  of  Bartlett  pears,  Santa  Clara  Valley, 
early  pick,  1920 


The  results  obtained  with  the  different  lots  of  fruit  from  Cali- 
fornia during  the  1926  season  are  shown  in  detail  in  Figures  3  to  11, 
where  the  rate  of  softening  of  the  fruit  is  shown  graphically  and  the 
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type  of  breakdown  is  recorded.  The  behavior  of  fruit  following 
withdrawal  from  storage  at  36°  and  31°  F.  is  recorded  in  Tables  9 
and  10. 

The  storage  life  of  Bartlett  pears  may  be  limited  by  various 
factors  (2,  3^  4).  These  include  the  following:  (1)  Overripeness. 
The  tissue  passes  through  a  prime  eating  condition  and  gradually 
softens  until  it  becomes  mushy  and  overripe.  (2)  Core  breakdown. 
The  core  region  becomes  discolored  and  broken  down,  while  the  out- 
side of  the  fruit  may  be  hard  or  in  prime  eating  condition  and  show 
no  discoloration.     (3)   Storage  scald.     The  skin  becomes  blackened 


Figure  4. — Softening  of  Bartlett  pears,  Santa  Clara  Valley,  mid- 
season  pick,  1926 

while  the  fruit  is  still  firm.  When  storage  scald  occurs  the  fruit  is 
of  no  value  commercially,  as  it  develops  very  bad  flavor  and  fails  to 
soften  or  ripen  further. 


Tabi.e  9. — Ripemnff 


)f  Bartlett   pears  in  1026   following  removal   from   coM 
storage  at  S6''  F. 


Pres- 
sure 
test 
when 
picked 

Time 
in  stor- 
age 

Pres- 
sure 
test 
after 
stor- 
age 

Time  required— 

Location  and  time  of  picking^ 

To 
ripen 

Unta 
dis- 
carded 

Cause  of  discard 

Panta  Clara  Valley: 

Early.. 

Lbs. 
21.5 

\     21.5 
21.5 
19.7 
19.7 

I    19.7 

(     16.6 
\     16.6 
I    16.6 

j    19.8 

"ig.T 

f    18.2 
\     18.2 
I    18.2 

f    19.0 
1    19.0 

Days 

35 
45 
60 
30 
45 
60 

30 
45 
60 

35 

60 
30 
30 

45 
62 

30 
45 

Z6?. 
19.0 
20.0 
17.0 
18.0 
16.8 
13.9 

14.8 
13.3 
13.0 

20.0 
14.8 

""i8.'o' 

15.7 
13.7 

15.7 
14.0 

Days 
5 
5 
6 
5 
4 

Days 
3 
2 
0 

4 

2 

Core  breakdown. 
Do. 

Midseason 

Do. 
Do. 
Do. 

Did  not  ripen,  scald  and  core 

Late                  

5 
6 

2 
2 

breakdown. 
Core  breakdown. 
Do. 

Did  not  ripen,  scald  and  core 

Sacmmento  Valley: 

Early     

5 

4 
7 
6 
5 
5 

4 
6 

4 

2 
7 
5 
3 
2 

5 
3 

breakdown. 

Surface  discoloring  and  core 
breakdown. 

Midseason 

Do. 
Do. 

Late.... 

Do. 
Do. 

Placer  County: 

Midseason 

Do. 

Do. 
Do. 
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Table  10. — Ripening  of  Bartlett  pears  in,  1026  following  storage  at  31°  F. 


Pres- 
sure 
tost 
when 
picked 

Time 
In  stor- 
age at 
31°  F. 

Pres- 
sure 
test 
when 

re- 
moved 

Time  required— 

Location  and  time  of  picking 

To 
ripen  at 
00°  F. 

Until 
dis- 
carded 

Cause  of  discard 

SanU  Clara  Valley: 
Early 

Pounds 

21.5 

21.5 
21.  5 
19.7 
19.7 
19.7 
19.7 
16.6 
16.6 
16.6 

f     19.8 
19.8 
19.8 
19.3 

Dat* 

0 

45 
75 

0 
30 
60 
80 

0 
30 
65 

0 
30 

6 
30 
60 

0 
30 
60 

0 
45 
60 

0 
30 
60 

32 
66 

116 
32 
66 

116 
32 
70 

103 
35 
65 
95 
38 
63 

Pounds 

20.0 
19.5 

"'is.!' 

17.3 
17.2 

'"i5.'3" 
15.4 

20.3 

"'ii'i' 

16.2 

""i8.T 

16.3 

""io.'e" 

18.0 

"'ii'.i' 

16.8 

16.4 
18.0 
12.0 
15.3 
16.2 
13.1 
14.2 
15.1 
12.4 
12.9 
13.6 
12.3 
11.5 
11.5 

Days 

15 

6 
7 

12 
5 
6 
5 
9 
7 
6 

12 
0 
7 

11 
6 
6 
9 
7 
7 

12 
6 
6 
9 
8 
5 

8 
4 
4 
7 
5 
3 
7 
5 
3 
5 
.     5 
3 
4 
4 

Vats 

5. 

4 
3 
4 
4 
4 
2 
2 
3 
3 

7 

'^ 
5 
6 
6 
6 
6 
5 

8 
6 
7 
7 
6 
5 

5' 

1 

3' 

2 

' 4 

2 
3 
3 

2 

/Core  breakdown  and  discol- 
\    oring. 

Midseasou 

Do. 
Pcald.  core  breakdown. 
Core  breakdown. 

Do. 

Late           

Do. 
Do. 
Do. 
Do. 

Sacramento  Valley: 

Early 

Do. 

Ovf  rripc,  no  discoloring. 
Overripe,  surface  discoloring. 

Midseason. 

Overripe. 
Do. 
Do. 

Late 

19.3 
18.0 
18.0 
18.0 

23.0 
23.0 
23.0 
19.0 
19.0 
19.0 

21.3 
21.3 
21.3 
19.0 
19.0 
19.0 
16.9 
16.9 
16.9 
15.5 
15.5 
1.5.5 
1     13.9 
\     13.9 

Do. 
Do. 
Do. 

Placer  County: 

Early 

Da 

Do. 
Do. 

Midseason 

OverriF>e,  no  core  breakdown. 
Overripe. 
Do. 

Wenatchec  Valley,  Wash.: 

First  picking 

Do. 

Second  picking.. 

Scald,  core  breakdown. 
Do. 

Third  picking 

Do. 
Do. 

Fourth  picking. 

Da 
Da 
Do. 

Fifth  picking- 

Da 

Da 

Da 

RIPENDfG  AT  DIFFERENT  TEMPERATURES 

Pears  of  all  pickings  from  all  districts  ripened  fairly  satisfactorily 
at  65°  and  53°  F.  It  ^yas  rather  surprising  that  there  was  generally 
only  a  slight  difference  in  time  of  ripening  at  these  two  temperatures. 
A  pressure  test  of  3  pounds  represents  full  eating-ripe  condition  for 
Bartlett  pears.  The  average  time  required  to  reach  this  degree  of 
ripeness  in  the  nine  lots  of  fruit  stored  at  65°,  as  shown  in  Figures 
3  to  11,  was  11  days  and  at  53°  was  slightly  under  15  days. 

Considering  all  the  lots  of  fruit,  including  both  early  and  late  pick- 
ings, the  average  pressure  test  at  the  end  of  12  days  at  53°  F.  was  5 
pounds,  which  represents  a  firm-ripe  stage,  the  average  condition  in 
which  fruit  that  was  not  precooled  would  reach  destination  if  shipped 
in  the  tops  of  cars.  Generally,  fruit  picked  in  midseason  or  late- 
season  condition  was  firm  to  full-eating  ripe  at  the  end  of  12  days  at 
63°.  This  was  true  of  fruit  from  all  districts  and  indicates  that  the 
top  layer  of  such  fruit  shipped  from  Pacific  coast  points  without 
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7  DAYS  TO  rULL  fR/PC 
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1      I      r 

43*    OUT3IOC  riftM.      GONC  I 


SJ*  Gone  Coftc  Bfic^Kooyv/v  ^ua.  /j 

70'  BEGINNING    TO    BFlEy^K  AT  COBE   /^UG  6 


■SCPTCMBCn- 


FiGUKE  5. 


-Softening  of  Bartlett  pears,  Santa  Clara  Valley, 
late  pick,  1926 


precooling  will  generally  arrive  at  eastern  markets  in  firm-ripe  to 
ripe  condition. 

RIPENING    FRUIT    AT    43°    F.  * 

The  behavior  of  Bartlett  pears  when  held  continuously  at  43°  F., 
as  shown  in  Figures  3  to  11,  is  particularly  interesting.     In  general, 

relatively  little  soft- 
ening occurred  dur- 
ing the  first  10  to  15 
days,  after  which 
time  the  fruit  soft- 
ened rather  rapidly. 
In  some  cases  it 
reached  a  pressure 
test  of  about  5 
pounds,  which  repre- 
sents a  firm  eating- 
ripe  condition,  and 
in  other  cases  the 
pressure  test  dropped 
to  about  3  pounds. 
In  a  number  of  cases, 
particularly  with  early-season  and  late-season  pickings  of  Santa  Clara 
Valley  fruit,  the  pressure  test  at  43°  did  not  drop  under  5  pounds. 
The  fruit  remained  in  this  firm-ripe  stage  until  scald  developed. 

In  practically  every  instance  at  a  temperature  at  43°  F.  the  storage 
life  of  the  fruit  was  ended  by  the  development  of  storage  scald,  where- 
as at  the  higher  temperatures  the  fruit  either  became  overripe  or  de- 
veloped core  breakdown.  At  43°  the  surface  usually  blackened,  while 
the  core  and  fiesh  tissue  was  still  in  firm-ripe  condition.  This  w^as 
true  regardless  of 
the  time  of  picking 
or  the  section  from 
which  the  fruit  was 
taken,  except  in  the 
1  a  t  e-p  i  c  k  e  d  fruit 
from  the  Santa  Clara 
Valley,  in  which 
core  breakdown  de- 
veloped prior  to  the 
appearance  of  stor- 
age scald. 

There  was  rela- 
tively little  difference 
in  the  length  of  time 
that  fruit  from  dif- 
ferent pickings  and 
from  various  sections 

could  be  held  at  43°  F.  In  practically  all  cases  the  fruit  became 
unmarketable  at  the  end  of  30  to  35  days.  This  condition  was  caused 
primarily  by  the  development  of  storage  scald,  as  previously  stated. 
The  results  indicate  that  43°  to  45°  F.  is  approximately  tlie  lowest 
temperature  at  which  Bartlett  pears  will  ripen.  Some  of  the  lots 
failed  to  soften  to  a  good  eating-ripe  condition  at  this  temperature, 


Figure  6. 


-Softening  of  Bartlett  pears,  Sacramento  River 
district,  early  pick,   1926 
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whereas  other  lots  ripened  fairly  satisfactorily.  Fruit  ripened  at 
this  temperature  was  in  all  cases  inferior  in  quality  to  that  ripened 
at  temperatures  above  50°.  At  temperatures  lower  than  43°  Bartlett 
pears  apparently  will  not  ripen  with  satisfactory  quality,  but  will 
develop  either  scald  or  breakdown  or  both  while  the  flesh  is  still  firm 
or  hard. 

At  all  the  higher  temperatures,  includinj^  65°,  53°,  and  43°  F., 
there  was  a  considerable  interval  after  picking  before  softening  be- 
gan.    At  65°  and  53° 


lEE 


mi^C  WITH  &ooo>^ 

QUALirr  AT  60'  SCPT  22 


this  interval  in  most 
cases  was  at  least  G 
days,  while  at  43°, 
as  previously  stated, 
relatively  little  soft- 
ening occurred  until 
12  to  18  days  after 
harvest.  This  does 
not  indicate  that 
ripening  changes  do 
not  occur  during  that 
time,  for  any  delay 
in  placing  the  fruit 
in  storage  results  in 
a  shortening  of  the  possible  storage  period.  The  changes  that  take 
place  during  the  first  few  days  after  picking,  however,  apparently  do 
not  affect  the  firmness  of  the  flesh  as  measured  by  the  pressure  test. 


43'   GONt.   SCALO 
NO   BRCAKOOI^N    AUO.  9 
I                   I  I 

Ji'GONC..  O^CfffiiPC    July  26 
GONC,  Ot^cmmipc   July  ZS      | | 


13 
-JULY 


20 


»  < 


7  17 

— AUOU3T- 


27 


e  la 

-SCPT. »- 


Figure  7. — Softening  of  Bartlett  pears,  Sacramento  River 
district,  midseason  pick,  192G 


FiGUBE  8. — Softening  of  Bartlett  pears,  Sacramento  River  district,  late  pick,  1920 

Softening  and  color  change  apparently  occur  at  the  same  time  at 
the  higher  temperatures.  At  65°  and  53°  F.,  the  fruit  was  eating 
ripe  by  the  time  it  became  yellow.  At  lower  temperatures  this  was 
not  true. 

RIPENING  FRUIT  AT  3G°   P. 


Bartlett  pears  of  the  different  lots  held  continuously  at  36°  F., 
showed  a  moderately  slow  softening  rate.  Usually  the  pressure  test 
at  the  end  of  two  months  was  not  more  than  5  pounds  lower  than  the 
pressure  test  at  time  of  picking. 

At  the  end  of  60  days  in  storage  at  36°  the  fruit  of  practically  all 
lots  was  full  yellow  in  color  although  still  firm  in  texture.     Fruit  of 
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all  but  two  of  the  lots  (one  each  of  midseason  and  late  picking  of 
Santa  Clara  Valley  pears)  held  up  for  60  days  at  36°  without  the 
development  of  storage  scald.  In  70  to  80  days  at  this  temperature 
the  fruit  began  to  blacken  on  the  surface  and  to  show  scald.  This 
represents  an  interval  slightly  more  than  twice  as  long  as  was 
required  for  the  fruit  to  develop  scald  when  held  at  43°. 


BIPENING  FEUrr  AT  31      F. 

In  most  instances 
the  fruit  from  the 
different  districts  of 
California  in  storage 
at  31°  F.  was  not 
held  until  the  end  of 
the  possible  storage 
season.  The  fruit 
from  Placer  County 
picked  in  midseason 
was  held  140  days 
without  developing 
discoloration  in  stor- 
age. The  late-picked 
fruit  from  the  Sacra- 
mento River  district 
was  held  120  days 
without  discoloration 
in  storage.  On  the  other  hand,  fruit  from  Lake  County  which  stood 
two  to  three  days  at  high  temperatures  before  moving  into  cold 
storage  showed  a  beginning  of  scald  development  at  the  end  of  100 
days  at  31°.  The  few  lots  of  fruit  held  for  a  long  season  at  31° 
indicate  that  the  possible  storage  period  at  this  temperature  is  almost 
twice  as  long  as  at  36°.  The  storage  period  at  each  temperature  is 
determined  by  storage  scald,  and  the  interval  before  scald  developed 
when  the  fruit  was  held  at  31°  was  very  much  longer  than  Avhen  it 
was  held  at  36°. 


Figure  9.- 


-Softening   of   Bartlett   pears,    Placer  County, 
early  pick,  1926 
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Figure  10. — Softening  of  Bartlett  pears,  Placer  County,  midseason  pick,  1926 

In  the  experiments  in  the  Wenatchee  district  of  Washington  the 
pears  were  held  in  storage  at  32°  F.  for  100  to  120  days  without 
developing  storage  scald.  However,  this  fruit  did  develop  scald 
following  removal  from  storage  and  in  some  cases  failed  to  ripen 
with  satisfactory  quality. 
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These  results  would  indicate  that  Bartlett  pears  harvested  in 
proper  condition  and  placed  immediately  in  storage  at  31°  F.,  may  be 
held  as  long  as  three  months  in  storage  and  after  removal  to  higher 
temperatures  will  ripen  without  developing  storage  scald.  If  the 
storage  of  the  fruit  is  delayed  even  two  or  three  days  following 
picking,  or  if  cooling  in  the  warehouse  is  slow,  this  period  will  be 
greatly  shortened.  At  temperatures  above  31°  the  period  will  also  be 
shortened.  It  is  not  reconmiended  commercially  that  such  long 
storage  be  practiced  unless  the  complete  history  of  the  fruit  is  known, 
since  there  is  a  large  element  of  risk  in  prolonging  the  storage 
season.  As  will  be  mentioned  later  fruit  held  for  a  long  period  m 
cold  storage  has  a  relatively  short  liie  at  high  temperatures  following 
its  removal  from  cold  storage,  and  its  dessert  quality  is  poorer  than 
that  of  fruit  held  for  shorter  periods. 

RIPENING   OF   FRUIT   FOLLOWING  REMOVAL  FROM   COLD   STORAGE 

In  Tables  9  and  10  is  summarized  the  behavior  of  fruit  following 
its  removal  from  storage  at  36°  and  31°  F.  after  different  intervals  of 
time  in  storage. 


SJ'  GONC,  sunrACC  oiscolor.    oi^cni^ipc   Auo.  26 
70'  Gone,    OXCRf^lPC,   NO    COPC   BfiCAKOprrN  y^uo.  22 
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Figure  11. — Softening  of  Bartlett  pears,  Lake  County,  midseason  pick,  1926 

Fruit  was  removed  from  storage  at  15-day  intervals.  Not  all  the 
data  for  removals  are  recorded  in  the  tables,  but  sufficient  data  are 
given  to  indicate  the  general  trend.  The  column  showing  days  "  to 
ripen  "  represents  the  time  following  removal  from  cold  storage  that 
the  fruit  was  held  at  60°  F.  before  it  reached  a  satisfactorv  eating- 
ripe  condition.  The  column  showing  days  "  Until  discarded  "  repre- 
sents the  interval  between  the  time  the  fruit  reached  satisfactory 
eating  condition  and  the  time  when  it  had  passed  marketable  condi- 
tion because  of  core  breakdown,  scald,  or  overripeness. 

The  results  of  the  tests  at  36°  F.  are  recorded  in  Table  9.  It  is 
apparent  that  (m  an  average  the  fruit  from  the  Santa  Clara  Valley 
broke  down  much  earlier  after  becoming  ripe  than  did  fruit  from 
the  Sacramento  Valley  and  from  Placer  County.  At  the  end  of  30 
days  at  36°  fruit  from  the  Santa  Clara  Valley  held  up  from  2  to 
4  aays  after  becoming  ripe;  that  from  the  Sacramento  Valley  held 
up  4  to  7  days,  while  that  from  Placer  County  held  up  5  days.  This 
indicates  that  there  is  a  very  nuich  shorter  season  for  handling  the 
fruit  from  the  cooler  sections  both  on  the  fresh  market  and  through 


20         TECHNICAL  BULLETIN    140,  U.   S.   DEPT.   OF  AGRICULTURE 

canneries.  There  was  not  an  appreciable  difference  in  the  time  re- 
quired for  the  fruit  from  the  different  districts  to  ripen  following  its 
removal  from  storage,  but  there  was  a  distinct  difference  in  the  tend- 
ency of  the  fruit  to  break  down  after  reaching  an  eating-ripe  or 
canning-ripe  condition. 

In  general,  the  longer  the  fruit  was  held  in  storage  the  shorter  the 
interval  during  which  it  remained  in  good  condition  after  reaching 
an  eating  or  canning  ripe  stage.  Fruit  from  the  Santa  Clara  Valley 
held  45  days  at  36°  F.  remained  in  satisfactory  condition  only  2  days 
after  ripening,  whereas  fruit  held  60  days  in  cold  storage  generally 
failed  to  ripen  following  removal  to  a  higher  temperature.  The 
pears  from  Sacramento  Vallej^  and  Placer  County  remained  in  satis- 
factory condition  for  3  days  after  removal  at  the  end  of  45  days  and 
ripened  with  satisfactory  quality  after  60  days  in  cold  storage. 

These  results  indicate  clearly  that  at  a  temperature  of  36°  F.  the 
possible  commercial  storage  period  for  Bartlett  pears  is  limited  to 
about  45  days. 

The  behavior  following  removal  from  31°  F.  is  summarized  in 
Table  10.  Again  it  is  apparent  that  the  fruit  from  the  cooler  grow- 
ing districts,  including  the  Santa  Clara  Valley  and  the  Wenatchee 
district  of  Washington,  did  not  hold  quite  so  long  after  it  reached 
an  eating-ripe  condition  as  did  fruit  from  the  Sacramento  district  and 
from  Placer  County.  Fruit  from  the  Santa  Clara  and  Wenatchee 
Valley  districts  held  1  to  5  days,  whereas  that  from  the  Sacramento 
Valley  held  5  to  7  days  and  that  from  Placer  County  5  to  8  days. 

Fruit  from  the  hotter  growing  districts,  including  the  Sacramento 
Valley  and  Placer  County,  broke  down  very  largely  through  becom- 
ing overripe  and  discolored  on  the  surface,  whereas  that  from  the 
cooler  growing  districts  tended  to  develop  core  breakdown  while  the 
surface  remained  sound  in  appearance.  This  resulted  in  the  fruit 
from  the  cooler  growing  districts  being  somewhat  difficult  to  handle 
satisfactorily,  since  the  fruit  may  no  longer  be  in  good  commercial 
condition  even  though  appearing  sound  on  the  outside. 

Fruit  from  the  California  districts  held  60  to  80  days  at  31°  F.  and 
then  removed  to  60°  for  ripening  ripened  with  good  quality  and  re- 
mained in  the  ripe  stage  for  several  days  before  showing  breakdown. 
Fruit  stored  at  31°  for  60  days  was  as  satisfactory  as  fruit  stored  at 
36°  for  30  days.  Although  the  extreme  storage  limit  at  31°  was  not 
determined  by  these  tests,  the  results  indicate  that  the  fruit  can  be 
held  safely  under  commercial  conditions  for  periods  up  to  75  days 
and  generally  can  be  held  as  long  as  three  months.  Fruit  held  100 
days  or  longer  in  the  Wenatchee  district  generally  tended  to  scald 
following  removal  from  storage  and  was  not  satisfactory  for  handling 
commercially. 

On  the  average,  the  longer  the  fruit  was  held  in  cold  storage  the 
poorer  its  dessert  quality  when  ripened.  Fruit  held  30  days  wag  of 
better  quality  than  that  held  60  days,  and  the  latter  was  superior  in 
quality  to  that  held  90  days.  As  is  herein  shown,  the  color  of  the 
fruit  in  cold  storage  is  the  best  indication  of  the  probable  develop- 
ment of  storage  scald  yet  observed. 
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RELATION  OF  CLIMATIC  CONDITIONS  TO  STORAGE  QUALITY  OF 

THE  FRUIT 

One  of  tlie  writers  (0)  has  previously  pointed  out  the  relationship 
that  exists  between  climatic  conditions  in  the  growing  district  and  the 
commercial  reputation  of  Bartlett  pears  so  far  as  storage  and  ship- 
ping quality  are  concerned.  It  was  stated  that  the  fruit  from  the 
cooler  growing  districts  has  a  reputation  for  being  poorer  in  ship- 
pini^  and  storage  qualities.  The  more  detailed  study  here  reported 
mdicates  this  this  fruit  is  inferior  in  storage  and  handling  qualities, 
primarily  through  having  a  shorter  period  during  which  it  is  in  satis- 
factory dessert  or  canning  condition,  and  because  it  tends  to  break 
down  at  the  core  while  yet  firm  on  the  outside.  The  possible  storage- 
holding  period  at  31°  F.  was  only  slightly  shorter  for  fruit  from  the 
cooler  growing  districts.  There  was,  however,  a  distinct  difference  in 
the  tendency  of  the  fruit  to  break  down  after  it  reached  the  firm-ripe 
condition.  Fruit  from  the  warmer  districts  had  a  relatively  long 
period  during  which  it  was  in  satisfactory  dessert  condition,  and  it 
tended  to  pass  good  commercial  condition  primarily  by  becoming 
overripe  and  showing  discoloration  on  the  surface. 

This  relationship  holds  "both  when  the  fruit  is  ripened  immediately 
and  when  it  is  held  in  cold  storage.  Table  10  gives  data  for  fruit 
ripened  immediately  following  picking  at  a  temperature  of  65°  F., 
which  show  that  Santa  Clara  Valley  fruit  held  from  2  to  5  days 
after  reaching  eating-ripe  condition.  Sacramento  Valley  fruit  under 
similar  conditions  held  6  to  7  days,  whereas  Placer  County  fruit  held 
5  to  8  days.  Observations  made  on  Wenatchee  pears  indicate  that 
they  behave  somewhat  like  those  obtained  from  the  Sacramento 
Valley. 

One  of  the  writers  (P)  in  discussing  storage  scald  in  Bartlett  pears 
reported  that  the  more  immature  the  fruit  at  the  time  of  harvesting, 
the  greater  its  tendency  to  develop  storage  scald.  These  observations 
were  based  on  fruit  picked  at  intervals  and  held  in  storage  at  tem- 
peratures of  about  40°  F.  The  amount  of  scald  developed  in  the 
different  lots  was  checked  on  certain  dates,  and  the  greater  amount  of 
scald  was  found  in  the  earlier  picked  fruit. 

These  conclusions  were  only  partially  borne  out  in  the  studies  here 
reported.  Both  early-picked  and  late-picked  pears  tended  to  scald 
somewhat  sooner  than  pears  picked  in  midseason.  Apparently,  a 
fairly  definite  time  is  required  for  scald  development  at  the  different 
temperatures.  In  fruit  stored  at  43°  F.  this  was  from  30  to  35  days; 
for  that  stored  at  36°  it  was  from  70  to  80  days.  For  fruit  stored 
at  31°  the  time  was  not  definitely  determined  but  apparently  was 
from  125  to  150  days. 

The  time  required  to  develop  storage  scald  is  fairly  definite,  and 
this  indicates  that  Bartlett  pears  harvested  in  midseason  or  late  in 
the  season  can  be  held  satisfactorily  until  a  later  date  than  can  early- 
harvested  fruit.  The  end  of  the  storage  season  can  normally  come  in 
approximately  a  certain  time  following  the  picking  date.  This 
period  is  slightly  longer  for  fruit  picked  in  midseason  than  for  either 
early-picked  or  late-picked  fruit. 
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RELATION  OF  SHIPPING   CONDITIONS   TO   STORAGE   QUALITY  OP 

THE   FRUIT 

Bartlett  pears  produced  on  the  Pacific  coast  and  intended  for 
fresh  consumption  must  generally  be  shipped  to  eastern  markets. 
Shipment  may  occur  immediately  following  harvest  in  precooled  or 
nonprecooled  carloads,  or  it  may  occur  at  the  end  of  a  storage  season. 
The  temperatures  in  transit  in  the  lower  half  of  a  car  loaded  warm 
will  range  from  40  to  45°  A  temperature  of  about  43°  also  repre- 
sents about  the  average  prevailing  in  the  upper  half  of  a  car  of  fruit 
throughly  cooled  before  shipping,  although  the  temperature  in  the 
top  layer  of  fruit  in  such  cars  will  usually  average  slightly  higher. 
The  average  time  required  to  ship  to  eastern  markets  is  about  12  days. 
Consequently,  the  effect  of  holding  fruit  for  that  length  of  time  at 
43°,  both  immediately  after  harvest  and  after  a  period  of  two  months 
in  cold  storage,  was  determined  for  certain  lots  of  fruit. 

Results  obtained  with  lots  of  fruit  held  for  12  days  at  43°  F.  and 
then  transferred  to  31°  storage  are  reported  in  Table  11.  After 
periods  of  30  to  50  days  at  31°  this  fruit  was  withdrawn  from  cold 
storage  and  allowed  to  ripen  at  60°. 

As  will  be  noted  in  Table  11,  fruit  picked  in  midseason  from  three 
different  districts  and  held  for  50  days  at  31°  F.  following  12  days 
at  43°  ripened  with  satisfactory  quality  and  without  loss  upon 
removal  to  higher  temperatures.  Late-picked  Santa  Clara  Valley 
fruit  after  32  days  in  storage  at  31°  ripened  satisfactorily  but 
broke  down  very  quickly  after  reaching  an  eating-ripe  condition. 
These  results  indicate  that  if  Bartlett  pears  picked  in  midseason  can 
be  immediately  precooled  and  shipped  east,  a  storage  season  of  II/2 
months  following  arrival  in  the  East  is  fairly  safe. 

Table  11. — Record  of  fruit  held  for  12  days  at  Jf3°  F.,  then  at  31°  F. 


Location  and  time  of  picking 


Placer  County:  Midseason 

Sacramento  Valley:  Late  picking 
Santa  Clara  Valley: 

Midseason 

Late  picking 

Lake  County:  Midseason 


Time  held  at— 

Time  re 

[juired — 

43°  F. 

31°  F. 

To 
ripen 

at 
60°  F. 

Until 
dis- 
carded 

Days 
12 
12 

Days 
50 
50 

Days 

5 
3 

Days 
4 
4 

12 
12 
12 

50 
32 
34 

4 
4 
3 

4 

1 
5 

Cause  of  discard 


Overripe. 

Core  breakdown. 


Do. 
Do. 
Overripe. 


Samples  of  fruit  were  also  held  in  storage  for  12  days  at  53°  F., 
.the  average  temperature  in  the  top  layer  of  an  iced  car  loaded  with 
warm  fruit.  This  fruit  was  generally  firm  eating  ripe  at  the  end 
of  .the  12-day  period  and  not  suitable  for  further  storage  holding. 
Although  it  was  possible  to  hold  such  fruit  for  two  to  three  wrecks 
in  cold  storage,  it  deteriorated  so  rapidly  following  removal  from 
cold  storage  that  the  practice  would  prove  unsatisfactory  under 
commercial  conditions.  The  results  obtained  in  the  investigation 
indicate  that  it  is  hazardous  to  attempt  to  place  Bartlett  pears  in 
cold  storage  following  a  12-day  shipment  in  the  top  layers  of  cars 
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initially  loaded  with  warm  fruit.  Boxes  loaded  in  the  lower  por- 
tions of  such  cars  should  be  satisfactory  for  storage  up  to  li/^ 
months,  provided  the  storage  temperature  is  held  at  31  to  32°. 

Similar  satisfactory  results  were  obtained  from  storing  the  fruit 
for  two  months  at  31°  F.  and  then  holding  for  12  days  at  43°,  as 
reported  in  Table  12.  The  fruit  handled  in  this  way  ripened  with 
good  quality  and  held  up  satisfactorily  for  a  moderate  period  of 
retail  marketing. 

Table  12. — Record  of  Bartlett  pears  held  for  varying  periods  at  31°  F.  and  then 
held  for  12  days  at  43°  F. 


Days  held  at- 

Condition  of  fruit  at  end  of  storage  period 

ai'F. 

43°  F. 

Santa  Clara,  midsoason          .    . ... 

60 
CO 
62 

12 
12 
12 

Riped  with  fair  (juality. 

Ripened  at  GOT.,  good  quality,  held  4  days. 

These  results  indicate  that  Bartlett  pears  picked  in  midseason  and 
stored  at  once  at  30°  to  31°  F.  can  be  held  for  two  months  in  storage 
and  can  then  be  shipped  east  and  marketed  without  loss.  This  pos- 
sible storage  season  will  be  correspondingly  shorter  if  higher  storage 
temperatures  are  used. 

DISCUSSION  OF  RESULTS 

The  results  of  this  investigation  have  emphasized  the  very  close 
relationship  between  the  temperatures  under  which  Bartlett  pears 
are  handled  in  storage  and  the  behavior  of  the  fruit.  The  possible 
storage  period  can  be  predicted  with  fair  accuracy  if  the  temperature 
under  wliich  the  fruit  is  held  and  the  growing  conditions  are  known. 
Fruit  from  all  districts  at  temperatures  above  45°  F.  ripened  satis- 
factorily without  scald,  although  in  some  cases  core  breakdown 
developed.  Bartlett  peai-s'held  continuously  in  storage  at  tem- 
peratures under  45°  generally  scalded  before  reaching  full  eating-ripe 
condition.  This  was  alwa3's  the  case  with  fruit  held  continuously  at 
36°  and  at  31°. 

A  close  relationship  existed  between  the  prevailing  temperatures  in 
the  different  producing  districts  and  the  tendency  of  the  fruit  to 
break  down  at  the  core  prior  to  becoming  oveiTipe  or  scalding  on  the 
surface.  Fruit  from  the  warmer  districts  generally  held  in  market- 
able condition  after  reaching  the  eating-ripe  stage  much  longer  than 
fruit  from  the  cooler  growing  districts.  Core  breakdown  rarely 
occurred  in  fruit  from  the  hotter  districts  before  the  general  collapse 
of  the  fruit,  whereas  it  developed  in  almost  all  cases  in  fruit  from 
the  cooler  districts  while  the  outside  of  the  fruit  appeared  sound. 

Hartman  (3)  found  that  pears  produced  under  the  cool  growing 
conditions  of  western  Oregon  tended  to  develop  breakdown  if  they 
became  overmature  on  the  trees,  but  that  relatively  little  of  this 
injury  occurred  if  the  fruit  was  harvested  moderately  early.  In  the 
studies  herein  reported  there  was  not  nearly  so  close  a  relationship 
between  stage  of  maturity  and  breakdown  as  Hartman  found  under 
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Oregon  conditions.  In  general,  the  more  mature  fruit  tended  to 
develop  the  breakdoAvn  earlier,  but  core  breakdown  occurred  while 
the  surface  appeared  to  be  in  good  dessert  condition  in  all  pickings 
of  fruit  from  the  Santa  Clara  Valley,  particularly  when  handled 
under  lov^  temperatures  for  a  portion  of  the  time. 

There  was  some  relationship  between  the  amount  of  core  break- 
down and  the  storage  temperatures.  The  least  tendency  to  develop 
breakdown  occurred  in  fruit  held  at  60°  to  70°  F.  from  the  time  of 
picking  until  it  was  ripe.  The  greatest  amount  of  breakdown 
developed  in  fruit  held  for  a  considerable  period  at  30°  to  50°  and 
then  moved  to  65°  temperature  for  ripening.  Fruit  held  at  31°  for 
one  or  two  months  and  then  transferred  to  60°  storage  for  ripening 
developed  less  breakdown  than  fruit  held  at  intermediate  tempera- 
tures, but  more  breakdown  occurred  than  in  fruit  held  continuously 
at  60°  to  70°. 

Fruit  of  all  pickings  and  from  all  districts  developed  storage  scald 
when  held  too  long  at  low  temperatures.  Harley  and  Fisher  (^) 
have  recently  reported  a  very  close  association^  between  the  develop- 
ment of  storage  scald  in  pears  and  the  presence  of  acetaldehyde  in  the 
fruit  tissue.  They  found  a  similar  relationship  between  the  presence 
of  acetaldehj^de  and  core  breakdow^n  in  pears.  In  the  work  herein 
reported  it  was  apparent  that  there  was  a  very  close  relationship  be- 
tween the  growing  conditions  and  the  development  of  core  breakdown, 
but  there  Avas  no  similar  relationship  between  the  growing  conditions 
and  the  development  of  jx'ar  scald.  In  general,  core  breakdown 
seemed  to  occur  to  the  greatest  extent  in  fruit  containing  the  least  pro- 
portion of  acid.  Bartlett  pears  from  the  cool  growing  districts  gen- 
erally contain  less  acid  than  those  from  the  warmer  districts,  and  the 
holding  of  fruit  at  intermediate  temperatures  ranging  from  36°  to  50° 
F.  results  in  a  more  rapid  decrease  in  acidity  than  holding  the  fruit 
at  higher  temperatures  or  at  extremely  low  temperatures,  unless  the 
storage  is  greatly  prolonged. 

RECOMMENDATIONS  RELATIVE  TO  COMMERCIAL  PEAR  HANDLING 

The  results  obtained  in  this  investigation  emphasize  the  necessity  of 
handling  Bartlett  pears  under  the  coolest  possible  storage  conditions 
if  satisfactory  results  are  to  be  obtained.  The  limit  of  the  storage 
period  at  43°  F.  was  about  30  days;  at  36°  it  was  about  60  days, 
whereas  at  31°  the  fruit  could  be  held  as  long  as  100  days  in  most 
cases.  Even  for  holding  for  relatively  short  periods,  placing  the  fruit 
at  a  low  temperature  to  check  ripening  i)rocesses  to  the  greatest  degree 
possible  gave  fruit  that  held  well  after  ripening  and  proved  most 
satisfactory  for  the  retail  market  or  for  canning.  Bartlett  pears 
should  be  stored  at  temperatures  not  higher  than  30°  to  31°  F.  if  the 
best  results  are  to  be  obtained. 

In  general,  the  longer  Bartlett  ])earsi  are  held  in  cold  storage  the 
poorer  the  dessert  quality  of  the  ripened  product.  Fruit  held  for  30 
days  at  31°  F.  ripened  with  quality  almost  equal  to  that  of  fruit 
ripened  immediately  after  harvest.  Fruit  held  60  days  was  some- 
what poorer  than  that  held  for  30  days,  whereas  fruit  held  for  90 
days  or  longer  in  cold  storage  was  generally  of  only  fair  quality 
when  ripened. 
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The  best  rii>ening  temperatures  for  Bartlett  pears  either  immedi- 
ately after  picking  or  following:  a  period  in  cold  stora^re  seems  to  be 
from  60°  to  70°  F.  Fruit  ripened  at  temperatures  below  60°  or 
above  70°  F.  was  inferior  to  that  ripened  at  60°  to  70°  F. 

At  cold-storage  temperatures  the  fruit  becomes  yellow  in  storage, 
but  does  not  soften  or  reach  satisfactory  eating  condition.  It  was 
repeatedly  observed  in  these  tests  that  Bartlett  pears  rarely  scalded 
in  storage  so  long  as  they  were  still  distinctly  green  in  color.  The 
development  of  an  almost  full  yellow  color  in  Bartlett  pears  in  cold 
storage  is  a  danger  signal.  They  should  be  removed  while  showing 
a  slight  green  color  and  allowed  to  ripen  at  higher  temperatures,  if 
loss  from  storage  scald  is  to  be  avoided. 

In  handling  fruit  from  the  cooler  growing  districts,  shippers  and 
canners  should  realize  that  the  fruit  will  have  a  relatively  shorter 
period  after  removal  from  cold  storage  before  breakdown  occurs 
than  will  fruit  from  warmer  districts.  The  cooler  the  growing  sea- 
son in  a  district  the  earlier  the  fruit  will  normally  show  breakdown. 
If  (he  pears  are  to  be  canned  the  operation  should  be  completed  as 
soon  as  j)ossible  after  the  fruit  is  sufficiently  ripe,  if  loss  from  core 
breakdown  is  to  be  avoided.  Such  fruit  shipped  to  eastern  markets 
will  have  to  be  handled  rapidly  if  it  is  to  be  consumed  without  loss. 

If  carloads  of  Bartlett  pears  are  thoroughly  cooled  prior  to  load- 
ing, they  can  be  safely  stored  at  eastern  terminals  for  periods  of  a 
month  to  45  days,  provided  the  fruit  is  sent  promptly  to  the  pre- 
cooling  plant  and  the  cooling  is  accomplished  rapidly  and  thor- 
oughly. Similarly,  fruit  can  be  held  at  the  shipping  point  at  a  tem- 
perature of  31°  F.  for  periods  up  to  two  months  and  still  be  shipped 
to  eastern  markets  without  loss,  provided  it  is  placed  in  suitable 
cold  storage  within  24  hours  of  the  time  of  picking.  Bartlett  pears 
shipped  in  cars  loaded  with  warm  fruit  will  vary  greatly  in  condi- 
tion, depending  upon  whether  they  are  loaded  in  the  top  or  the  bot- 
tom of  the  car.  Fruit  from  the  top  layers  of  the  car  will  usually 
be  suitable  for  only  a  very  short  storage  season,  if  any  at  all,  whereas 
that  from  the  lower  half  of  the  car  will  generally  be  suitable  for  hold- 
ing up  to  45  days  in  storage  at  30°  to  31°. 

SUMMARY 

Studies  have  been  conducted  on  the  change  in  firmness  of  flesh, 
color,  and  other  physical  properties  of  Bartlett  pears  as  they  ma- 
ture on  the  trees. 

Bartlett  pears  from  warm  district's,  particularly  when  grown  under 
water  shortage,  are  firm  in  flesh  but  have  a  distinctly  yellow  color 
when  in  satisfactory  picking  condition. 

Fruit  from  cooler  growing  districts,  with  sufficient  soil  moisture, 
is  greener  in  color  and  softer  of  flesh,  as  measured  by  the  pressure 
test,  when  in  satisfactory  picking  condition. 

Fruit  from  the  cooler  growing  districts  will  not  ripen  with  even 
fair  quality  when  testing  above  23  pounds  average  under  the  condi- 
tions described  in  this  bulletin.  Fruit  of  high  quality  is  obtained 
when  harvested  at  a  pressure  test  under  20  pounds,  that  having  a 
pressure  test  of  17  to  19  pounds  generally  giving  the  best  quality. 

Bartlett  pears  showing  a  distinctly  yellow  cast  corresponding  to 
No.  2  of  Plate  1  generally  will  ripen  with  good  quality.    This  con- 
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dition  may  be  reached  in  the  dry,  hot  districts  with  fruit  testing 
above  23  pounds. 

The  ripening  rate  for  Bartlett  pears  at  65°  F.  is  only  slightly  faster 
than  at  53°  F.  The  storage  life  at  43°  is  about  double  that  at  53°. 
At  36°  the  possible  storage  period  is  about  double  that  at  43°,  but 
at  31°  the  storage  life  is  almost  double  that  at  36°. 

Bartlett  pears  generally  will  not  ripen  satisfactorily  at  temper- 
atures of  43°  F.  or  lower.  Storage  scald  develops  before  the  fruit 
reaches  prime  eating  condition  at  these  temperatures. 

Storage  scald  developed  in  30  to  35  days  at  43°  F.,  in  70  to  80  days 
at  36°,  and  generally  did  not  develop  up  to  120  days  at  31°.  Fruit 
held  beyond  60  days  at  36°  usually  scalded  instead  of  ripening  upon 
removal  to  higher  temperatures.  Fruit  held  continuously  at  31° 
from  the  time  of  picking  ripened  with  satisfactory  quality  after  stor- 
age periods  up  to  100  days.  The  dessert  quality  of  Bartlett  pears 
becomes  poorer  the  longer  the  fruit  is  held  in  storage. 

Bartlett  pears  in  cold  storage  at  36°  or  31°  F.  become  yellow  with 
relatively  little  softening.  In  these  tests  fruit  practically  always  be- 
came yellow  before  scald  developed.  Regardless  of  the  firmness  of 
Bartlett  pears,  they  should  be  removed  from  cold  storage  before  they 
reach  a  full  ^^ellow  condition,  as  storage  scald  soon  develops  after  the 
fruit  becomes'  yellow. 

Bartlett  pears  held  12  days  at  53°  F.,  corresponding  to  a  transit 
period  from  the  Pacific  coast  to  eastern  seaboard  points,  in  the  top 
layer  of  a  car  of  fruit  loaded  w^arm,  usually  arrived  in  firm-ripe 
condition  and  w^ere  not  suitable  for  cold-storage  holding. 

Similar  fruit  held  at  43°  F.,  corresponding  to  the  lower  half  of 
cars  of  pears  loaded  warm  or  the  upper  portion  of  cars  of  fruit 
thoroughly  cooled  before  loading,  was  hard  green  at  the  end  of  12 
days  and  could  be  held  at  31°  for  one  and  one-half  months  and  still 
ripen  satisfactorily. 

Fruit  held  as  long  as  two  months  from  date  of  picking  at  31°  F. 
was  held  12  days  at  43°,  representing  transit  time  and  temperature, 
and  ripened  with  good  quality. 

Fruit  from  the  cooler  growing  districts  became  eating  ripe  in  a 
slightly  shorter  period  than  fruit  from  hotter  growing  districts. 
Fruit  from  cooler  districts  after  reaching  eating-ripe  condition  kept 
for  a  distinctly  shorter  time  than  did  fruit  from  the  hotter  districts, 
and  it  tended  to  break  down  at  the  core  while  still  firm  on  the  outside. 

There  was  no  apparent  relationship  between  climatic  conditions  in 
the  producing  regions  and  the  tendency  of  the  fruit  to  scald. 
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INTRODUCTION 

The  purpose  of  this  bulletin  is  to  furnish  detailed  information  on 
the  properties  and  characteristics  of  the  wood  of  western  hemlock, 
known  commercially  as  West  Coast  hemlock,  Avhich  will  assist  con- 
sumers in  determining  the  suitability  of  this  species  of  wood  for 
specific  uses. 

The  most  effective  way  of  describing  the  properties  of  a  little- 
known  wood  is  to  compare  them  with  the  properties  of  well-known 
woods.  The  comparisons  of  properties  of  wood  made  in  this  bulletin 
are  based  primarily  on  the  properties  of  clear  wood.  In  the  lumber 
trade,  however,  comparisons  of  specific  properties  of  species  of  wood 
are  usually  based  on  the  lumber  as  sold  or  delivered  and  are  influ- 
enced by  the  size  and  character  of  defects,  dressed  sizes,  degree  of 
seasoning,  and  marketing  practices.  Thus,  the  clear  wood  of  one 
species  may  be  stronger  than  that  of  another  in  a  particular  property, 
but  when  the  size  and  character  of  the  defects  in  a  commercial  grade 
are  considered,  the  advantage  may  disappear  or  be  reversed.  Again, 
a  comparison  of  strength  based  on  clear  wood  will  not  hold  for  simi- 
lar items  of  lumber  of  different  species  of  wood  when  the  actual  sizes 
of  the  items  differ.    Thus,  in  a  comparison  of  the  strength  of  pieces 

»  Maintained  at  Madison,  Wis.,  in  cooperation  with  the  University  of  Wisconsin. 
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nominally  2  by  4  inches,  which  in  one  species  of  wood  are  1%  by  3% 
inches  and  in  another  1%  by  3%  inches,  one  must  consider  the  dif- 
ference in  size  as  well  as  the  difference  in  the  inherent  properties  of 
ihe  clear  wood  of  the  species.  The  advantage  of  inherently  low 
shrinkage  or  of  higli  nail-holding  power  as  shown  in  this  bulletin 
for  certain  species  of  wood  may  be  more  than  lost  through  the  method 
of  marketing  or  the  use  of  the  species  before  it  is  sufficiently  dry. 

The  relative  usefulness  of  western  hemlock,  or  any  other  lumber, 
depends  upon  the  characteristics  of  the  stock  in  its  entirety  as  well  as 
upon  the  properties  of  the  clear  wood,  and  it  depends  more  upon  a 
combination  of  properties  than  upon  any  single  property.  For  ex- 
ample, nail-holding  power,  strength,  and  weight  of  the  clear  wood 
of  a  species  may  indicate  that  it  is  an  excellent  wood  for  boxes  for 
bulk  commodities,  but  the  lumber  may  be  unsuited  for  such  use  be- 
cause of  a  characteristic  of  the  knots  to  loosen  and  fall  out. 

This  bulletin,  therefore,  attempts  to  shoAV  how  the  information 
given  on  the  different  properties  and  characteristics  may  be  combined 
and  applied  in  determining  the  suitability  of  western  hemlock  for 
certain  uses.  The  discussion  of  the  uses  of  western  hemlock  are  and 
must  be  considered  largely  illustrative,  because  complete  informa- 
tion is  lacking  on  the  exact  requirements  of  even  the  typical  use  con- 
ditions discussed.  The  conditions  that  apply  to  any  specific  case  are, 
of  course,  recognizable  to  the  user,  and  he  must  judge  where  and  how 
his  special  conditions  depart  from  the  general  condition  assumed  in 
this  bulletin. 

For  most  uses  a  number  of  species  of  wood  will  give  equal  satis- 
faction, providing  the  design  of  the  structure  and  the  preparation 
of  the  lumber  are  varied  in  accordance  with  its  use  requirements ;  for 
design  is  a  great  equalizer  of  species.  The  selection  of  a  species 
for  any  use,  however,  requires  a  consideration  of  the  cost  of  the 
different  species  as  well  as  the  cost  of  constructing  the  different 
designs  that  are  necessary  to  obtain  equally  satisfactory  results  from 
species  with  different  properties. 

CHARACTER  AND  RANGE  OF  THE  WESTERN  HEMLOCK  FOREST 

Western  hemlock  grows  along  the  Pacific  coast  from  Prince 
William  Sound  in  Alaska  to  northern  California  and  as  far  inland 
as  northern  Idaho  and  northwestern  Montana.  (Fig.  1.)  In  the 
United  States  on  the  west  slope  of  the  Cascade  Range  and  the  east 
slope  of  the  Coast  Range  and  Olympic  Mountains,  western  hemlock 
forms  from  5  to  30  per  cent  of  the  stand  in  which  Dou<2^1as  fir  is  the 
principal  species.  On  the  western  slopes  of  the  Olympic  Mountains 
and  the  Coast  Range,  western  hemlock  at  some  places  constitutes 
more  than  one-half  of  the  forest  stand  which  includes  Sitka  spruce, 
western  red  cedar,  Douglas  fir,  and  true  firs.  It  has  its  best  growth 
and  development  in  pure  stands  or  in  mixture  with  other  species  in 
even-aged  stands  on  the  lower  slopes  west  of  the  Cascade  Range  where 
the  climate  is  cool  and  moist.  At  higher  elevations,  with  more 
marked  extremes  in  climate,  it  is  not  abundant,  nor  does  it  attain 
large  size. 

Under  the  best  growth  conditions  the  trees  attain  a  diameter  of 
8  to  4  feet  and  a  height  of  175  to  225  feet.  Larger  trees  are  found 
but  those  over  5  feet  in  diameter  are  very  rare.     The  cylindrical 
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boles  are  long  and  slender  and  support  short  and  narrow  crowns. 
(PI.  1.)  The  understory  trees  gi'ow  slowly,  and  are  relatively  short, 
heavy  limbed,  and  of  comparatively  poor  quality.  Decay  in  living 
western  hemlock  trees  is  generally  due  to  Indian-paint  fungus  or 
brown  rot,  which  is  the  heart  rot  so  prevalent  in  overmature  or  sup- 
pressed forest  stands  {31)  J^  The  trees  are  also  subject  to  attack  by 
the  hemlock  maggot,  which  causes  the  characteristic  "  dark  streak" 
or  "  black  burl "  in  the  wood. 

CUT  AND  SUPPLY 

The  species,  which  is  a  prolific  seed  bearer,  reproduces  vigorously 
and  grows  well  under  a  wide  range  of  conditions.     If  properly  taken 
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advantage  of,  these  characteristics,  together  with  the  fact  that  the 
existing  stands  are  large,  will  go  far  toward  assuring  a  sustained 
supply  of  western  hemlock  wood. 

A  rapidly  increasing  proportion  of  the  lumber  manufactured  in 
the  United  States  is  cut  from  western  hemlock.  In  1908  the  species 
ranked  twenty-fifth  in  lumber  production,  furnishing  only  0.2  per 
cent  of  the  total  output.  In  1920,  as  shown  by  Figure  2,  the  cut  of 
western  hemlock  began  to  increase  rapidly.  In  1926  only  southern 
yellow  pine,  Douglas  fir,  western  yellow  pine,  and  oak  were  cut  in 
larger  quantities. 

The  output  of  western  hemlock  in  the  continental  United  States, 
exclusive  of  Alaska,  as  computed  from  the  Bureau  of  Census  figures 


«  Reference  Is  made  by  italic  numbers  in  parentheses  to  "  Literature  cited,"  p.  60. 
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for  1926,  was  1,351,152,000  board  feet,  of  which  Washington  produced 
1,156,546,000;  Oregon,  190,491,000;  Idaho,  2,744,000;  and  Montana, 
1,371,000.  In  addition,  Ahiska  produced  5,769,000  and  British 
Columbia  nearly  200,000,000  board  feet. 

The  supply  of  western  hemlock  in  the  United  States  and  Alaska, 
as  shown  by  Figure  3,  is  exceeded  only  by  the  supplies  of  two  other 
species,  namely,  Douglas  fir  and  western  yellow  pine.^  The  stand 
of  Douglas  fir  is  estimated  to  be  about  two  and  three-fifths  times  as 
large  as  that  of  western  hemlock;  that  of  western  yellow  pine  is 
estimated  to  be  about  one  and  one-half  times  as  large;  and  that  of 
southern  yellow  pine  is  estimated  to  be  about  equal  to  that  of  west- 
ern hemlock. 

The  supply  of  western  hemlock  in  the  United  States,  including 
Alaska,  is  estimated  (2)  at  about  149  billion  board  feet,  which  is 
probably  about  8  per  cent  of  the  total  saw-timber  supply.  About  60 
billion  feet  of  the  stand  is  located  in  Washington,  25  billion  in  Ore- 
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Figure   3. — Estimated   existing  stand   of  western   hemlock   and   otlier   principal   lumber- 
producing  species  of  wood  in  the  United  States  and  Alaska 

gon,  and  63  billion  in  Alaska,  and  about  1  billion  in  northwestern 
Montana  and  northern  Idaho.  British  Columbia  possesses  more 
than  60  billion  board  feet.  The  large  existing  stands  of  the  species 
are  evidence  that  western  hemlock  will  continue  to  be  of  great  im- 
portance in  the  output  of  lumber  and  pulp  wood. 


VALUE  OF  TIMBER 


Western  hemlock  is  increasing  in  the  esteem  of  lumbermen. 
Stumpage  prices  in  1927  were  about  one-third  of  those  of  Sitka 
spruce,  western  red  cedar,  and  Douglas  fir.  Twenty  years  ago  the 
species  was  considered  as  having  practically  no  value. 

The  cost  of  logging  western  hemlock  is  ordinarily  high  as  com- 
pared with  that  of  logging  other  major  species  of  the  region.    Stands 


•The  standard  names  employed  by  the  United  States  Forest  Service  for  lumber  and 
for  the  trees  from  which  it  is  cut  are  used  throughout  this  bulletin  (22). 
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from  which  it  is  generally  cut  consist  mostly  of  larger  trees  of  other 
species.  Such  conditions  demand  larger  and  more  powerful  ma- 
chinery than  is  now  economical  for  logging  western  hemlock  and 
other  comparatively  small  trees. 

A  large  but  decreasing  proportion  of  the  output  of  hemlock  lumber 
is  produced  in  mills  built  primarily  for  the  economical  utilization 
of  other  and  larger  species ;  the  typical  modern  mill  of  the  region  is 
a  large,  complex  plant  composed  of  many  units  and  equipped  to 
produce  lumber  in  a  great  variety  of  forms  and  grades  from  rela- 
tively large-diameter  logs.  The  introduction  of  logs  of  smaller  size, 
which  materially  change  the  volume  of  the  many  forms  and  grades, 
clogs  certain  parts  of  the  mill,  and  it  becomes  necessary  to  slow 
down  the  rest  of  the  mill,  which  increases  the  manufacturing  cost. 

The  comparatively  low  yield  of  clear  stock  is  also  a  handicap  to 
the  species,  possibly  its  greatest.  Under  the  most  favorable  condi- 
tions of  growth  it  contributes  less  material  suitable  for  clear  lumber 
than  Douglas  fir  and  Sitka  spruce ;  not  only  is  it  a  smaller  tree  but 
its  limbs  do  not  prune  themselves  as  early  in  life.  The  clear  por- 
tion of  the  hemlock  logs,  moreover,  is  seldom  fullj^  utilized  for  the 
better  grades  of  lumber,  presumably  because  of  operating  and  mer- 
chandising difficulties.  Frequently,  all  or  a  large  part  of  the  po- 
tential clear  stock  goes  into  common  boards  and  dimension  stock, 
along  with  the  common  material. 

These  and  other  factors,  which  have  worked  to  the  disadvantage 
of  western  hemlock  for  lumber,  are  slowly  becoming  less  formidable. 
Then,  too,  at  the  present  time  it  appears  that  increasing  demands 
on  the  species  will  be  made  by  the  paper  industry;  the  opportunity 
in  the  Pacific  Coast  States  for  a  greatly  enlarged  mechanical  and 
sulphite  pulp  industry  is  based  largely  upon  supplies  of  hemlock, 
Sitka  spruce,  and  true  fir,  which  are  much  larger  than  those  in  any 
other  forest  region  of  the  United  States.  While  the  choice  logs  of 
western  hemlock  undoubtedly  will  always  be  utilized  for  lumber, 
there  is  no  apparent  reason  why  the  use  of  this  species  of  wood  for 
paper  pulp  should  not  become  increasingly  important.  The  Alaska 
stands  of  hemlock  will  probably  find  their  chief  use  for  pulp  be- 
cause of  the  abundance  of  water  power. 

PROPERTIES  OF  WESTERN  HEMLOCK 

GENERAL  DESCRIPTION 

In  general  appearance  the  wood  of  western  hemlock  somewhat  re- 
sembles that  of  eastern  hemlock  and  white  fir.  It  is  light  in  color 
with  a  pinkish  to  a  reddish-brow^n  tinge,  and  has  a  rather  pro- 
nounced silky  sheen  when  dry.  It  darkens  somewhat  with  age  after 
being  cut,  but  not  so  much  as  most  other  species.  The  colors  of  the 
heartwood  and  sapwood  are  very  similar,  although  the  sapwood, 
Yv^hich  is  very  narrow,  is  sometimes  lighter  colored  than  the  heart- 
wood.    There  is,  however,  never  a  marked  contrast  between  the  two. 

The  annual-growth  rings  are,  as  a  rule,  relatively  narrow  and  com- 
paratively uniform  in  width.  They  are  usually  more  uniform  in 
width  than  are  those  of  eastern  hemlock  or  southern  yellow  pine. 
Although  marked,  the  light  reddish-brown  and  relatively  narrow 
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summer-wood  bands  do  not  contrast  decidedly  with  the  lighter  col- 
ored sprint^  wood,  nor  is  the  line  of  deiaarcation  between  them 
sharp  within  each  annual  ring.  The  summer  wood  is  much  less  con- 
spicuous than  in  Douglas  fir  and  southern  yellow  pine,  but  more  so 
than  in  eastern  spruce  and  in  the  white  pines. 

The  wood  is  moderately  light  in  weight,  moderately  soft,  straight 
grained,  nonresinous,  and  tasteless.  It  is  odorless  when  dry,  but 
has  a  sour  odor  when  green. 

NATURAL  DEFECTS 

Black  knots  and  dark  streaks  are  the  most  striking  features  in  the 
appearance  of  western  hemlock  lumber.  The  black  knots,  which  are 
dark  brown  or  black,  are  sound  and  of  frequent  occurrence.  Whereas 
black  knots  in  the  lumber  of  some  species  loosen  and  fall  out  during 
s-easoning  or  remanufacture,  those  of  western  hemlock  usually  hold 
their  places  firml}^.  The  dark  streaks,  sometimes  called  black  check, 
occur  frequently  in  western  hemlock.  They  consist  of  dark-brown 
or  black  scars  resulting  from  the  work  of  the  hemlock  bark  maggot 
{10)  in  the  living  tree.  In  edge-grain  boards  the  scars  appear  as 
thin  streaks  or  seams  and  in  flat-grain  boards  as  bark  pockets. 
(PL  2.)  The  streaks  ordinarily  are  so  narrow  that  they  are  not 
considered  as  defects  in  any  grade  in  edge-grain  lumber.  The  bark 
pockets  are  not  considered  defects  in  the  common  grades  of  lumber. 

Western  hemlock  does  not  commonly  have  certain  defects  common 
to  many  species  of  wood.  The  normal  wood  is  free  of  resin  ducts ;  "* 
consequently  the  lumber  never  shows  pitch  beads,  pitch  pockets,  or 
other  pitch  defects.  Spiral  grain,  which  is  the  cross  grain  result- 
ing from  the  spiral  arrangement  of  the  fibers  in  growth  around 
the  tree  trunk,  is  generally  believed  to  occur  less  frequently  in  west- 
ern hemlock  than  in  the  species  which  grow  with  western  hemlock 
in  the  forest.  Blue  sap  stain,  so  common  in  manj^  species  of  the 
softwoods,  as  a  rule  causes  little  discoloration  in  western  hemlock. 

Defects  common  to  all  species  of  wood,  such  as  knots,  rot,  shake, 
and  checks,  occur,  of  course,  in  western  hemlock.  The  available  data 
on  the  occurrence  of  defects  in  western  hemlock  as  compared  with 
othei"  species  of  wood  are  very  limited  and  do  not  permit  close 
comparisons.  A  study  of  the  characteristic  defects  of  the  principal 
softwood  species  including  western  hemlock  is  now  under  way,  and 
data  for  more  definite  comparisons  will  soon  be  available  at  ths 
Forest  Products  Laboratory. 

CHARACTERISTICS  WHICH  DISTINGUISH  WESTERN  HEMLOCK 
FROM  OTHER  SPECIES  OF  WOOD 

Western  hemlock  lumber  differs  so  much  in  odoi"  and  color  from 
the  cedars  and  the  junipers,  in  color  from  redwood  and  cypress,  and 
in  general  structure  from  the  hardwoods,  that  it  is  not  likely  to  be 
mistaken  for  any  of  them.  It  is  distinguishable  from  Douglas  iir 
and  western  larch  by  the  lighter  color  of  the  heartwood,  the  lack  of 
differences  in  color  between  the  sapwood  and  the  heartwood,  and  by 

*  Occasionally,  as  Uie  result  of  Injury  to  llvinj;  trees,  nsin  durls  are  forme<l  In 
western  hemlock  as  in  other  nonresinous  softwoods.  In  so  far  as  the  use  of  the  wood 
Is  concerned,  they  are  of  no  practical  Importance. 
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the  less  pronounced  summer  wood,  as  well  as  by  the  lack  of  resin 
ducts  and  pitch  defects.  The  freedom  from  resin  ducts  and  pitch 
also  serves  to  distinguish  it  from  the  pines  and  the  spruces. 

The  principal  species  with  which  western  hemlock  is  likely  to  be 
confused  are  noble  fir,  white  fir,  lowland  white  fir,  silver  fir,  eastern 
hemlock,  and  California  red  fir  (not  Douglas  fir).  Western  hem- 
lock usually  can  be  distinguished  from  the  true  firs  by  its  somewhat 
darker  color,  especially  of  the  spring  wood,  also  by  the  reddish- 
brown  tint  of  the  summer  wood  as  contrasted  with  the  lavender  tint 
of  the  true  firs.  Where  the  difference  in  color  is  so  slight  as  to  render 
identification  by  color  impossible,  resort  must  be  made  to  structural 
differences  which  are  visible  only  under  the  microscope.^  In  bulk, 
however,  unmixed  lots  of  the  true  firs  and  western  hemlock  are 
easier  to  identify,  for  color  differences  are  more  pronounced  when 
the  woods  are  in  bulk. 

Individual  pieces  of  eastern  and  western  hemlock  can  not  be  posi- 
tively distinguished  from  each  othei",  even  under  the  microscope, 
unless  the  dark  streaks  common  to  the  western  species  are  present. 
Western  hemlock  in  bulk,  however,  may  be  roughly  distinguished 
from  the  eastern  species ;  not  only  is  the  average  width  of  the  annual 
rings  of  the  western  species  more  uniform,  but  there  is  less  contrast 
in  color  between  the  spring  wood  and  summer  wood.     (PI.  3.) 

GRADES  AND   THEIR  CHARACTERISTICS 

Kules  applying  to  the  classification,  manufacture,  and  grading 
of  lumber  cut  from  western  hemlock  are  published  by  the  West 
Coast  Lumbermen's  Association  (33).  The  rules  for  yard  lumber, 
or  lumber  suitable  for  general  building  purposes,  follow  the  basic 
grade  classification  of  American  lumber  standards  except  for  the 
addition  of  a  grade  of  Selected  Common   (29), 

SELECT  GRADES 

The  select  grades,  listed  as  "  clears  "  in  the  grading  rules  of  the 
West  Coast  Lumbermen's  Association,  have  a  good  appearance  and 
are  suitable  for  both  natural  and  paint  finishes.  They  include  A, 
B  and  Better,  B,  C,  and  D.  Items,  such  as  western  hemlock  finish, 
casing  and  base,  siding,  ceiling,  and  partition,  are  manufactured  in 
the  B  and  Better,  C,  and  D  grades.  Flooring  of  western  hemlock 
is  produced  in  the  A  and  B  grades,  as  well  as  in  other  select  grades. 

The  high  quality  of  B  and  Better  and  its  suitability  for  natural 
finishes  are  shown  in  Plate  4,  A.  The  grade  allows  only  a  few  small 
defects  or  blemishes.  Except  a  limited  number  of  small,  tight  pin 
knots  in  siding,  ceiling,  partition,  and  flat-grain  flooring,  knots  are 
not  permitted  in  this  grade.  Slight  torn  grain  and  very  small  bark 
pockets  are  permitted  in  all  items,  and  limited  end  split  and  slight 
cup  in  finish,  casing,  and  base. 

The  C  grade  provides  a  good  stock  for  paint  finishes,  especially  for 
enamel,  also  a  large  amount  of  material  suitable  for  natural  finishes. 
It  permits  only  a  limited  amount  of  small  defects  or  blemishes,  which 
can  be  covered  satisfactorily  with  paint.     It  differs  from  B  and 

»  Where  there  is  doubt  as  to  the  identity  of  wood,  samples  may  be  submitted  for  ideu- 
tiflcatioQ  to  the  Forest  Products  Laboratory,  Madisou,  Wis. 
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PLATE    1 


A  VIRGIN  Forest  of  Western  Hemlock 
The  three  most  prominent  trees  are  western  hemlock  of  approximately  40  inches  diameter. 
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PLATE   2 


CHARACTERISTIC   FEATURES  OF  WESTERN    HEMLOCK 


A.— Dark  streak  appears  on  the  flat  grain  as  small  bark  pockets. 
B. — Dark  streak  appears  on  the  edge  grain  as  fine  dark-colored  lines  or  streaks. 
is  not  a  defect  in  any  lumber  grade. 


Such  dark  streak 
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PLATE    3 


Comparison  of  End-Grain  western  and    Eastern  Hemlock  (Magni- 
fied 20  Diameters) 

A. — Western  hemlock. 
B.— Eastern  hemlock. 
Western  hemlock  generally  has  narrower  and  less  sharply  defined  summer-wood  bands,  and  its 

growth  rings  are  more  uniform  in  width  than  those  of  eastern  hemlock.    Individual  specimens 

of  either  species  vary  widely  in  these  respects. 
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F 


SELECT  Grades  of  Western  hemlock 

A.— B  and  Better  finish.    The  only  natural  defects  permitted  are  very  small  bark  pockets  under 

one-eighth  inch  wide  and  less  than  2  inches  long.    A  practically  clear  grade  suitable  for  natural 

finishes. 
B.— C  finish.    A  good  paint  grade.    Suitable  for  interior  finish,  especially  enamel.    The  natural 

defects  permitted  are  small  knots  under  three-fourths  inch  in  diameter  and  small  bark  pockets 

both  of  which  are  shown. 
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PLATE  5 
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Common  Grades  of  Western  Hemlock  boards 

A.— Selected  Common.    A  sound,  tiRht,  square  edge  prade  suitable  for  fmishes  other  than 

enamel.    Knots  are  intergrown  and  less  than  1'  -i  inches  in  diameter. 
B.— No.  1  Common.    A  tight  grade  suitable  for  general  use.     Knots  are  tight,  sound,  but 

not  necessarily  intergrown,  and  from  Ua  to  3  inches  in  diameter. 
C— No.  2  Common.    A  grade  suitable  for  use  as  a  whole.    It  is  neither  grain-tight  nor 

water-tight.    Permits  unsound  knots  and  a  limited  number  of  knot  holes  under  1 '  2  inches 

in  diameter. 
D.— No.  3  Common.    Suitable  for  sheathing,  but  may  invo  ve  some  waste  from  wane  or 

decay  spots  such  as  are  shown. 
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PLATE   6 
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DIMENSION  Grades  of  Western  hemlock 


A.— Selected  Common.  Knots  limited  but  cross  grain  and  split  not  limited  as  in  the  basic  provision 
for  Select  Structural  grade  of  American  lumber  standards.  Suitable  for  use  where  bending 
strength  is  desired. 

B. — No.  1  Common.  Knots  limited  but  cross  grain  and  split  not  limited  as  in  the  basic  provision 
for  Common  Structural  grades  of  American  lumber  standards.  Suitable  for  use  where  bending 
strength  is  desired. 

C. — No.  2  Common.  Unsound  knots  and  limited  decay  permitted.  Suitable  for  joists  and  other 
uses  where  stiffness  rather  than  bending  strength  is  desired. 

D. — No.  3  Common.  Decay  spots  permitted.  Knot  sizes  not  limited.  Suitable  for  use  in  tem- 
porary work. 
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Better  in  that  a  limited  number  of  small  tight  knots  are  permitted 
in  practically  all  items,  also  varying  but  limited  amounts  of  light 
sap  stain.  The  grade,  moreover,  allows  a  limited  number  of  small 
season  checks,  also  slightly  more  torn  grain,  skips,  and  bark  pockets 
than  B  and  Better.  As  it  is  actually  marketed,  there  is  relatively 
little  sap  stain  in  the  C  grade  of  western  hemlock  largely  because 
the  species  has  a  very  narrow  sap  ring.  The  small  knots  and  bark 
pockets  characteristic  of  the  grade  are  shown  in  some  of  the  specimens 
of  Plate  4,  B. 

Although  the  lumber  in  the  D  grade  must  be  suitable  for  paint 
finishes,  many  defects  and  blemishes  are  allowed.  This  grade  is  of 
relatively  little  importance  in  western  hemlock,  at  least  at  present. 
The  amount  of  potential  D  stock  is  small,  and  the  bulk  of  it  now 
goes  into  common  lumber. 

COMMON  GRADES 

Yard  lumber  suitable  for  general  utility  and  construction  purposes, 
but  not  for  finishing  uses,  falls  in  either  the  common  grades  of  boards 
or  dimension  stock.  The  common  grades,  produced  in  such  items 
as  common  boards,  shiplap,  and  dressed  and  matched  stock,  include 
Selected  Common,  No.  1  Common,  No.  2  Common,  and  No.  3  Com- 
mon. Numerous  small  and  medium-sized  red  and  black  knots,  to- 
gether with  bark  pockets  and  dark  streaks  are  characteristic  of  all 
the  common  grades. 

Selected  Common  is  a  sound,  tight-knotted  stock  suitable  for  paint 
jobs  of  less  exacting  requirements  than  interior  finish.  The  grade 
differs  from  the  select  grades  in  that  there  is  no  limit  on  the  number, 
of  natural  defects  permitted  and  from  the  common  grades  in  that 
only  intergrown  ^  knots  are  permitted.  While  all  the  knots  of  this 
grade  are  mtergrown,  their  size  and  number,  together  with  other  de- 
fects, preclude  its  use  for  high-grade  finishes.  Knots  are  limited 
by  the  grading  rules  to  1  inch  in  diameter  in  4  to  6  inch  widths,. and 
to  114  inches  in  8  to  12  inch  widths.  As  actually  marketed.  Selected 
Common  western  hemlock  usually  contains  much  less  sap  stain  and 
smaller  bark  pockets  than  are  permitted  by  the  grade  description. 
The  characteristics  of  the  grade  are  shown  in  Plate  5,  A. 

The  No.  1  Common  grade  may  be  considered  a  water-tight  stock 
suitable  for  use  without  waste  as  sheathing,  roofing,  or  subflooring. 
It  may  be  either  Douglas  fir  or  western  hemlock  or  both."^  The  knots 
are  both  sound®  and  tight®  (29),  but  not  necessarily  intergrown; 
their  diameters  are  limited  to  I14  inches  in  4  to  6  inch  widths  and  to 
3  inches  in  12-inch  and  wider  stock.  Wane  may  be  i/^  inch  deep  on 
edge,  1  inch  wide  on  face,  and  one-sixth  of  the  length  of  the  piece. 
All  of  the  specimens  in  Plate  5,  B,  are  No.  1  Common  because  of 
the  size  or  character  of  the  knots. 

•  An  Interprown  knot  Is  ono  whose  rings  of  annual  growth  are  completely  Intergi'own 
with  those  of  the  surrounding  wood. 

'  The  practice  of  mixinfr  species  in  grades  below  Selected  Common  arose  from  the 
difficulties  encountered  in  the  past  in  mnrketing  western  hemlock  under  its  own  name, 
and  from  the  fact  that  many  mills  did  not  cut  sufficient  lumber  of  species  other  than 
Douglas  fir  to  warrant  their  segregation.  The  practice  of  mixing  is  decreasing,  but 
there  will  probably  always  be  some  mills  whose  cut  of  hemlock  will  be  too  small  to 
Justify  its  segregation. 

'  A  sound  knot  is  solid  across  its  face,  as  hard  as  the  surrounding  wood,  and  shows  no 
Indication  of  decay.     It  may  varv  in  color  from  red  to  black. 

•A  tight  knot  is  one  so  fixed  by  growth  or  position  that  it  will  firmly  retain  Its 
place  in  the  piece. 

67850—29 2 
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No.  2  Common,  with  some  cutting  to  eliminate  defects,  is  con- 
sidered to  give  a  grain-tight  lumber.  It  is  suitable  for  subfloors, 
sheathing,  grain  doors,  and  the  like.  The  knots  are  larger  than 
those  in  No.  1  Common,  and  differ  somewhat  in  character.  Their 
diameters  are  limited  to  2  inches  in  4  to  6  inch  widths,  increasing 
gradually  to  ^  inches  in  12-inch  and  wider  stock.  Unsound  ^°  but 
tight  knots  and  medium-sized  incased  "  knots  are  permitted  in  the 
grade,  also  two  medium  or  equivalent  smaller  knot  holes  where 
other  defects  are  limited.  The  general  character  of  the  grade  is 
illustrated  in  Plate  5,  C. 

No.  3  Common,  as  shown  by  Plate  5,  D,  is  neither  grain  nor  water- 
tight. Without  cutting  it  is  suitable  only  for  low-grade  sheathing 
or  similar  uses.  Large,  loose,  and  unsound  knots  and  knot  holes  in 
unlimited  number  together  with  wane,  shake,  sap  stain,  decayed 
spots,  and  streaks  are  characteristics  of  the  grade.  Variation  in 
thickness  and  splits  not  longer  than  one-fourth  the  length  of  the 
piece  are  also  permitted.  The  grade  will  admit  any  or  all  species 
associated  with  western  hemlock  in  the  forest. 

DIMENSION   GRADES 

The  description  of  the  common  grades  just  given  applies  to  west- 
ern hemlock  boards,  but  does  not  apply  to  dimension  stock,  although 
the  dimension  grades  are  sold  under  the  same  names. 

Selected  Common  dimension  admits  only  western  hemlock.  No. 
1  Common  in  sizes  up  to  2  by  6  inches  and  No.  2  Common  in  all 
sizes  admit  Douglas  fir,  western  hemlock,  or  both.  No  3  Common 
admits  all  species  associated  with  western  hemlock  in  the  forest. 
In  the  grades  and  sizes  where  western  hemlock  is  mixed  with  Doug- 
las fir,  the  strength  value  of  the  grade  for  structural  purposes 
should  be  based  on  the  hemlock  rather  than  on  the  Douglas  fir. 

The  knots  in  Selected  Common  and  No.  1  Common  western  hem- 
lock dimension  (pi.  6,  A,  B)  are  limited  with  a  view  to  requirements 
where  strength  is  desired  and  appearance  is  of  minor  importance, 
such  as  in  joist,  plank,  and  studding.  However,  the  Selected  Com- 
mon and  the  No.  1  Common  dimension  western  hemlock  grades  of 
the  West  Coast  Lumbermen's  Association  contain  no  limitations  on 
cross  grain  and  permit  splits  which  may  not  be  allowed  under  the 
American  lumber  standards  (29) ;  consequently,  some  material  in 
these  grades  can  not  take  the  stresses  recommended  in  Table  1  for 
use  with  grades  meeting  the  basic  provisions  of  American  lumber 
standards  for  joist  and  plank. 

No  stress  recommendations  are  made  by  the  Forest  Products  Labora- 
tory for  No.  2  Common  and  No.  3  Common  western  hemlock  dimen- 
sion. (PI.  6,  C,  D.)  No.  2  Common  western  hemlock  dimension,  with 
some  culling  of  pieces  with  the  worst  defects,  especially  those  with 
large  knots  on  the  edges,  is  suitable  for  joists  and  studding  in  small- 
house  construction  where  stiffness  rather  than  strength  is  the  con- 
trolling factor. 

^"An  unsound  knot  is  solid  across  its  face,  but  contains  incipient  decay. 

"  An  incased  knot  is  one  wtiose  rings  of  annual  growth  are  not  intergrown  and  homo- 
geneous with  those  of  the  surrounding  wood.  The  incasement  may  be  partial  or  complete 
and  may  be  pitch  or  bark. 
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FACTORY  AND  BOX  GRADES 

Factory  and  hox  luinber  grades  are  based  on  the  percentage  of 
cuttings  obtainable  for  specified  purposes.  The  size  and  character 
of  th(;  cuttings  required  in  western  hemlock  are  the  same  as  those 
of  other  species ;  a  dis*cussion  of  the  grades  is  therefore  omitted. 

STRUCTURAL   GRADES   AND   THEIR   WORKING    STRESSES 

The  standard-grading  rules  {S3)  of  the  West  Coast  Lumbermen's 
Association  contains  no  structural  grade  for  western  hemlock,  how- 
ever, the  basic  provisions  of  the  American  lumber  standards  {29)  for 
structural  material  apply  to  western  hemlock  as  well  as  to  other 
species. 

When  provisions  are  made  for  controlling  the  size,  number,  and 
location  of  defects  in  relation  to  their  injurious  effect  on  the  strength 
of  clear  wood,  as  is  necessary  in  structural  grades,  it  is  possible  to 
assign  values  for  use  in  design.  These  are  called  working  stresses 
and  are  used  for  such  purposes  as  the  basis  for  building  codes  or 
other  engineering  specifications.  Working  stresses  are  applicable 
only  to  specified  grades,  except  in  the  cases  of  modulus  of  elasticity 
and  compression  perpendicular  to  the  grain.    Values  for  these  two 

Eroperties  are  applicable  to  all  grades.  Working  stresses  for  western 
emlock  and  a  number  of  other  important  species  of  wood  are  pre- 
sented in  Table  1  for  the  select  and  common  grades  and  are  shown 
in  Figures  4  to  8  for  the  Common  grade. 
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Pom  (^ la  5  fir    ^oasf  fi/pe) 

Southern   i/e/foiY  p/rc 

WE6T^/^N  HEMLOCK 

Western  laroH 

White  fir   (Commercial) 

Nor/zdu  pine 

f^ed,  white,  and  Sitka  spruce 

Eastern  hemlock 

Northern  >^htte,  western  white, 
wes  tern  Ljellow^  and  su<^ar pine 

0  400  BOO  /zoo  l(,00 

piber  stress  in  hendinc^  -  /hs.  per  s.cj.  in. 

Figure  4. — Safe  working  fiber  stress  in  bending  for  use  in  continuously  dry  loca- 
tions. Applicable  only  to  material  meeting  the  defect  limitations  for  structural 
material  of  common  grade  under  the  American  lumber  standards.  (Working 
stresses  should  not  be  used  for  comparisons  of  clear  wood.  Comparisons  of  clear 
wood  may  be  made  from  Table  2) 
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FiGUEB  5. — Safe  working  stress  for  compression  perpendicular  to  grain  for  use  in 
continuously    dry    locations.     Applicable    to    all    commercial    grades.     (Working 


stresses  should  not  be  used  for  comparisons  of  clear  wood, 
wood  may  be  made  from  Table  2) 


Comparisons  of  clear 
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Pou(jla5  fir  ^oast  tt^pe) 
Southern  ifef/oiypine 
Western  larch 
WESTERN   HEMLOCK 
Red,  white,  atid  S/fAa  spruce 
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Northern  wliififWesfcfn  jyhifc, 
western  ijeHo>v,  and  su^ar  pine. 
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White  fir   Commercial) 
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Compi^essioti  parallel  to  grain  -Lbs  perscjin- 

FioDRH  6. — Safe  working  stress  for  compression  parallel  to  grain  for  use  in  con- 
tinuously dry  locations.  Applicable  to  posts,  caps,  sills,  timbers,  etc.,  6  by  6 
inches  and  larger  which  meet  the  basis  requirements  for  common  grade  of  the 
American  lumber  standards.  (Worlcing  stresses  should  not  be  used  for  compari- 
sons of  clear  wood.     Comparisons  of  clear  wood  may  be  made  from  Table  2) 
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FlODRB  7. — Average  values  for  modulus  of  elasticity  for  use  under  all  conditions  of 
exposure.  Applicable  to  all  commercial  grades.  These  values  are  not  safe  work- 
ing stresses.     (See  footnote  4,  Table  1) 
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The  working  stresses  were  obtained  by  adjusting  the  results  of 
strength  tests  to  conditions  that  exist  in  actual  service.  This  adjust- 
ment has  included  a  number  of  factors  {18,  25,  28) ,  the  most  impor- 
tant of  which  are  the  possible  reduction  in  strength  that  may  result 
from  the  defects,  the  occurrence  of  pieces  below  the  average  strength, 
the  decrease  in  load-carrying  capacity  due  to  the  relatively  long 
time  that  timbers  in  service  are  required  to  sustain  a  load  as  compared 
with  the  time  test  specimens  are  required  to  sustain  loads,  and  the 
provision  for  small  accidental  overloads  that  may  come  on  a  struc- 
ture. In  a  structure  designed  from  the  stresses  recommended  in 
Table  1  occasional  timbers  may  be  expected  to  fail  immediately  upon 
being  subjected  to  twice  their  design  loads;  the  average  timber,  how- 


Soufhern  i^e//oy/  pme 
Western  larch 

pOLK^Ias  -fir  (^oasf  ttjpe) 

Northern  white,  >y&s fern  yvhite, 
western  t^elloyv,  and  sui:^ar  pine- 

Norwaij  pine 

f^ed,  white,  and  Sitka  spruce 

W£3T£t^N    i-i£MLOCK 

Eastern  hemloch 

White  Fir    (^ommercial) 
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I^^Bb^H 
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0  40  60  IZO 

Horizontal  shear  -  lbs.  per  sq.  in. 


Figure  8. — Safe  working  stress  for  horizontal  shear  for  use  under  all  conditions 
of  exposure.  Applicable  only  to  material  meeting  the  defect  limitations  re- 
quired for  structural  material  of  common  grade  under  the  American  lumber 
standards,  (Worljing  stresses  should  not  be  used  for  comparisons  of  clear  wood. 
Comparisons  of  clear  wood  may  be  made  from  Table  2) 

ever,  will  carry  about  two  and  one-fourth  times  the  design  load  for  a 
long  period ;  that  is,  about  10  years,  provided  decay  does  not  impair 
the  load-carrying  capacity  sufficiently  to  require  replacement.  About 
one  timber  in  a  hundred  wdll  fail  at  one  and  one-half  times  the 
design  load  if  the  load  remains  on  the  structure  for  about  10  years. 

The  values  for  modulus  of  elasticity  given  in  the  table  are  not  work- 
ing stresses.  They  are  applicable  to  all  grades  and  all  conditions 
of  service  and  are  intended  for  use  in  computing  the  probable  deflec- 
tion of  beams  under  short-time  loads.  Where  it  is  desired  to  mini- 
mize the  sag,  values  only  one-half  of  those  given  in  the  table  should 
be  used.  When  used  to  compute  the  safe  load-carrying  capacity  of 
long  or  Euler  columns,  modulus  of  elasticity  values  only  one-third 
of  those  given  in  the  table  should  be  used. 
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MECHANICAL  AND  PHYSICAL  PROPERTIES 

COMPARISON    OF    CLEAR    WOOD    OF   WESTERN    HEMLOCK    WITH    OTHER    SPECIES 

OF  WOOD 

A  comparison  of  the  properties  of  western  hemlock  with  those  of 
other  well-known  species  of  wood  has  been  chosen  as  the  most  readily 
understandable  way  of  describing  the  species.  Such  comparisons  are 
therefore  made  in  the  text,  in  graphs,  and  in  tables.  Table  2  is  in- 
tended primarily  for  the  comparison  of  western  hemlock  with  other 
species  of  wood.  With  respect  to  each  one  of  several  properties,  100 
points  has  been  chosen  to  represent  western  hemlock,  so  that  the 
comparison  with  other  species  can  be  made  at  a  glance.  Thus  a 
species  represented  by  94  points  is  6  points  lower  than  western  hem- 
lock, and  one  represented  by  122  is  22  points  higher.  Comparisons 
thus  made  are  of  the  inherent  unit  properties  of  the  clear  wood  of 
the  species  and  take  no  consideration  of  such  factors  as  grade,  de- 
fects, or  size,  which  in  actual  practice  may  characterize  or  be  asso- 
ciated with  different  species  of  wood. 

67850—29 3 
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The  values  in  Table  2  are  averages  from  the  result  of  many  tests. 
The  strength  properties  of  individual  pieces  may  vary  widely  from 
the  averages  shown.  Therefore,  the  fact  that  western  hemlock  shows 
G  points  better  than  another  species  of  wood  in  a  certain  property 
does  not  mean  that  every  piece  of  western  hemlock  will  be  6  points 
better  than  every  piece  of  the  other  species  of  wood.  A  percentage 
figure  is  shown  at  the  foot  of  the  columns  of  Table  2  to  indicate 
roughly  the  variation,  above  and  below  the  average,  which  may  be 
expected  to  include  half  of  all  the  material  of  a  species.  To  simplify 
the  table  the  same  percentage  variation  is  applied  to  all  species. 
Actually  the  percentage  variation  is  probably  different  for  each 
species.  The  difference  in  the  percentage  with  different  species, 
however,  is  probably  small,  and  until  more  information  is  available 
on  extent  and  cause  of  the  differences  only  a  single  figure  will  be 
presented. 

The  figures  in  Table  2  for  western  hemlock  are  based  on  the  re- 
sults of  2,300  tests  of  specimens  from  Washington,  Oregon,  and 
Alaska.  The  figures  on  white  fir,  Douglas  fir,  longleaf  pine,  south- 
ern cypress,  the  oaks,  western  yellow  pine,  and  the  spruces  are  based 
on  a  larger  number  of  tests  than  western  hemlock,  in  some  cases  about 
double.  On  the  other  hand,  chestnut,  loblolly  pine,  sugar  pine,  and 
yellow  poplar  are  based  on  a  smaller  number  than  western  hemlock, 
roughly  about  two-thirds.  Data  on  Norway  pine  and  redwood  are 
based  on  a  much  smaller  number  of  tests,  less  than  one-third.  The 
amount  of  data  on  the  remaining  species  shown  in  the  table  does 
not  differ  greatly  from  that  on  which  the  western  hemlock  figures 
are  based.  Additional  tests  would  probably  not  change  any  of  the 
average  figures  on  western  hemlock  more  than  about  2%  per  cent ; 
while  the  probable  change  in  averages  for  species  based  on  a  larger 
number  of  tests  would  be  less  than  2%  per  cent,  some  values  based 
on  one-third  the  tests  probably  would  be  changed  as  much  as  4 
per  cent. 

For  all  except  white  oak,  white  fir,  and  eastern  spruce,  the  figures 
shown  in  Table  2  are  for  single  definite  botanical  species.  The  species 
of  wood  that  are  combined  under  the  names  white  oak  and  eastern 
spi;lice  are  usually  sold  under  the  name  given,  and  their  strength 
properties  are  the  average  for  a  group.  The  commercial  name  "  white 
fir  "  is  usually  applied  only  to  white  fir  and  lowland  white  fir.  The 
strength  properties  given  for  commercial  white  fir  in  all  the  tables 
of  this  bulletin,  however,  combine  not  only  the  properties  for  white 
fir  and  lowland  white  fir  but  also  those  for  noble  and  silver  fir. 
The  figures  for  longleaf  and  loblolly  pines  are  for  the  botanical  spe- 
cies and  have  no  fixed  or  definite  relation  to  commercial  names.  It 
is  difficult,  if  not  impossible,  to  arrive  at  a  representative  figure  for 
the  different  commercial  types  of  the  southern  pines  on  account  of 
the  proportion  of  different  species  going  into  the  various  commercial 
types.  The  Southern  Pine  Association,  however,  makes  a  distinction 
between  dense  and  nondense  material  in  structural  items  but  not  in 
yard  lumber  (^i).  It  has,  therefore,  been  possible  to  present  group 
figures  for  southern  yellow  pine  in  Table  1,  which  present  the  working 
stresses  for  structural  material. 
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WEIGHT  AND  SPECIFIC  GRAVITY 

Western  hemlock  when  oven  dry  has  an  average  specific  gravity, 
which  is  a  measure  of  density,  of  0.38 ;  that  is,  a  cubic  foot  of  western 
hemlock  at  practically  zero  moisture  content  weighs  on  the  average 
38  per  cent  of  the  weight  of  a  cubic  foot  of  water  at  39°  F.  The 
average  weight  of  western  hemlock  in  a  green  condition  is  about 
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Figure  9. — Average  specific  gravity  and  weight  per  cubic  foot  of  clear  wood  of 
western  hemlock  as  compared  with  other  species  of  wood.  The  specific  gravity, 
or  weight  when  in  a  dry  condition,  of  western  hemlock  is  low  for  its  strength. 
The  weight  when  in  a  green  condition  is  high  and  variable ;  a  condition  caused 
by  the  nonuniform  moisture  distribution. 

41  pounds  per  cubic  foot  and  in  an  air-dry  condition — that  is,  at 
about  12  per  cent  moisture  content — it  is  29  pounds  per  cubic  foot. 
Air-dried  material  will  seldom  fall  below  2G  pounds  per  cubic  foot 
but  may  run  more  than  37  pounds  per  cubic  foot.  Green  material, 
because  of  a  variable  moisture  content,  may  weigh  as  much  as  60 
pounds  per  cubic  foot. 
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The  specific  gravity  of  western  hemlock  affords  the  quickest  basis 
for  generally  comparing  its  strength  with  that  of  other  species,  for 
woods  with  a  higher  specific  gravity  are  generally  stronger  and 
woods  with  a  lower  specific  gravity  are  generally  weaker.  A  com- 
parison of  the  specific  gravity  and  green  and  dry  weights  (12  per 
cent  moisture  content)  of  western  hemlock  with  other  species  is 
shown  in  Figure  9. 

The  specific  gravity  of  representative  samples  of  mill-run  western 
hemlock  and  four  other  species  obtained  by  the  random  selection  of 
thousands  of  specimens  is  shown  in  Figure  10.  The  comparison  indi- 
cates that  western  hemlock  is  more  uniform  in  specific  gravity  than 
Douglas  fir  and  southern  pine,  and  less  uniform  than  Sitka  spruce. 
From  this  study  one  would  expect  50  per  cent  of  the  hemlock  to 
have  a  specific  gravity  within  about  71/2  per  cent  of  the  average,  and 
occasional  pieces — about  one  in  ten — to  be  18  per  cent  or  more  above 
or  below  the  average — that  is,  to  have  a  specific  gravity  below  0.33 
or  above  0.47.  About  one  piece  in  six  of  Sitka  spruce  was  found 
to  be  as  heavy  as  average  western  hemlock,  while  about  one  piece  in 
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FiGDRB  10. — Average  value  and  range  of  specific  gravity  of  western 
hemlock  compared  with  other  species  of  wood.  Based  upon  a  ran- 
dom selection  from  mill-run  lumber.  Average  shown  by  the  end  of 
the  horizontal  bar  and  range  by  the  area  under  the  curve.  One- 
half  of  all  material  of  a  species  of  wood  foil  within  the  range  shown 
by  the  blank  space  between  the  crosshatched  areas ;  40  per  cent  in 
the  range  shown  by  the  crosshatching,  20  per  cent  above  the  aver- 
age and  20  per  cent  below  the  average ;  while  10  per  cent,  5  per 
cent  above  and  5  per  cent  below,  fell  outside  the  range  shown  by 
the  curve. 

four  of  Douglas  fir,  one  piece  in  ten  of  commercial  shortleaf  pine, 
and  one  piece  in  twenty  of  commercial  longleaf  was  below  the 
average  specific  gravity  of  western  hemlock. 

The  average  specific  gravity  of  western  hemlock,  determined  from 
mill-run  samples  (fig.  10)  was  0.40.  as  compared  with  0.38,  the  aver- 
age specific  gravity  based  or*  ^elected  samples  from  selected  trees. 
(Table  2.)  Considering  the  difference  in  methods  of  sampling,  the 
results  agree  very  closely. 

STRENGTH  IN  BENDING  AND  ENDWISE  COMPRESSION 


In  so  far  as  the  clear  wood  is  concerned,  a  comparison  of  the 
strength  of  western  hemlock  in  bending  and  endwise  compression 
with  other  species  shows  (figs.  11  and  12)  that  in  both  of  these  prop- 
erties it  is  somewhat  weaker  than  Norway  pine,  considerably  weaker 
than  Douglas  fir  (coast  type),  and  southern  yellow  pine,  but  stronger 
than  eastern  hemlock,  eastern  spruce,  Sitka  spruce,  white  fir,  and 
western  yellow  pine.  These  comparisons  show  the  general  or  load- 
carrying  capacity  of  the  clear  wood  of  western  hemlock.  They  are  of 
value  in  determining  the  suitability  of  the  species  for  uses  that  re- 


22  TECHNICAL  BULLETIN   13  9,  U.  S.  DEPT.  OF  AGRICULTURE 


quire  comparatively  small  and  clear  material,  such  as  ladders,  furni- 
ture, drying  racks,  and  some  parts  of  wagons,  automobiles,  and 
agricultural  machinery. 

HARDNESS 

Western  hemlock  is  classified  as  moderately  soft,  that  is,  it  falls 
between  the  harder  softwoods,  such  as  Douglas  fir  and  southern  yel- 
low pine,  and  the  softer  softwoods,  such  as  the  northern  white  pine 
and  western  white  pine.  It  is  very  similar  in  hardness  to  eastern 
hemlock  or  chestnut,  but  is  harder  than  western  yellow  pine  and 
white  fir.  More  detailed  comparisons  are  given  in  Figure  13  and 
Table  2. 
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Figure  11. — Average  value  and  range  in  bending  strength  of  clear  wood  of 
western  hemlock  as  compared  with  that  of  other  species  of  wood.  West- 
ern hemlock  taken  as  100  points.  Average  is  shown  by  the  end  of  the 
horizontal  bar  and  range  by  the  area  under  the  curve.  One-half  of  all 
material  of  a  species  of  wood  will  fall  within  the  range  shown  by  the 
blank  space  between  the  crosshatched  areas ;  40  per  cent  in  the  vange 
shown  by  the  crosshatching,  20  per  cent  above  the  average  and  20  per 
cent  below  the  average ;  while  10  per  cent,  5  per  cent  above  and  5  per  cent 
below,  will  fall  outside  the  range  shown  by  the  curve.  The  comparison 
shown  here  is  for  clear  lumber  or  for  grades  containing  like  defects, 
except  structural  material.  The  effect  of  defects,  difference  in  dressed 
dimension,  or  moisture  content  may  equalize  or  reverse  the  relative 
values  as  charted.  (Structural  material  which  conforms  to  the  Ameri- 
can lumber  standards  should  be  compared  on  the  basis  of  working 
stresses.  Table  1,  which  take  into  account  factors  other  than  the  strength 
of  clear  wood.) 

The  tests  on  which  the  hardness  data  are  based  are  a  measure  of 
the  resistance  of  wood  to  indentation.  Hardness  is  a  better  measure 
of  the  capacity  of  wood  to  withstand  marring  and  denting  than  it  is 
of  capacity  to  withstand  abrasion.  Resistance  to  abrasion  is  depend- 
ent as  much  on  the  structure  and  coherence  of  fibers  as  upon  the 
hardness,  or  even  more.  Since  the  summer  wood  of  western  hemlock 
is  comparatively  narrow  and  does  not  contrast  sharply  with  the 
spring  wood,  the  species  is  relatively  uniform  in  hardness  within  an 
annual  ring.  In  this  respect  western  hemlock  is  intermediate  between 
the  hard  and  soft  pines,  but  resembles  the  soft  pines  more  closely 
than  the  hard  pines.  The  lack  of  pronounced  contrast  between  the 
spring  wood  and  summer  wood  results  in  a  surface  with  relatively 
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even  wearing  qualities — a  condition  which  in  some  uses  may  be  as 
desirable  as  the  greater  hardness  of  some  other  species. 

Western  liemlock  is  sometimes  used  in  shaped  parts  and  in  exterior 
trim  as  an  alternate  for  softwoods  of  higher  price.  This  is  because 
of  its  moderate  softness  and  because  of  the  ease  of  cutting  and  of 
nailing  that  results  from  the  absence  of  pronounced  summer-wood 
rings;  wood  having  such  rings,  which  are  comparatively  hard,  is 
likely  to  deflect  edged  hand  tools  to  some  extent  and  nails  to  a  greater 
extent. 
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Figure  12. — Average  value  and  range  in  compressive  strength  (endwise)  of  clear 
wood  of  western  hemlock  compared  with  that  of  other  species  of  wood.  West- 
ern hemlock  taken  as  100  points.  Average  is  shown  by  the  end  of  the 
horizontal  bar  and  range  by  the  area  under  the  curve.  One-half  of  all 
material  of  a  species  of  wood  will  fall  within  the  range  shown  by  the  blank 
space  between  the  crosshatched  areas ;  40  per  cent  in  the  range  shown  by 
the  crosshatching,  20  per  cent  above  the  average  and  20  per  cent  below  the 
average;  while  10  per  cent,  5  per  cent  above  and  5  per  cent  below,  will  fall 
outside  the  range  shown  by  the  curve.  The  comparison  shown  here  is  for 
clear  lumber  or  for  grades  containing  like  defects,  except  structural  material. 
The  effect  of  defects,  difference  in  dressed  dimension,  or  moisture  content  may 
equalize  or  reverse  the  relative  values  as  charted.  (Structural  material  which 
conforms  to  American  lumber  standards  should  be  compared  on  the  basis  of 
working  stresses.  Table  1,  which  take  into  account  factors  other  than  the 
strength  of  clear  wood.) 


ABILITY  TO  WITHSTAND  SHOCKS    (TOUGHNESS) 

In  ability  to  resist  shocks,  western  hemlock,  in  common  with  the 
other  softwoods,  is  low  as  compared  with  the  hardwoods.  With 
most  softwoods,  however,  it  compares  favorably,  being  slightly  lower 
than  Douglas  fir  and  western  larch,  about  the  same  as  eastern  hem- 
lock and  spruce,  and  higher  than  sugar  pine  and  western  yellow 
pine.    Comparisons  of  this  property  are  given  in  Figure  14. 

Western  hemlock  is  exceptionally  high  in  shock  resistance  for  its 
weight,  a  valuable  characteristic  in  some  uses,  of  which  the  ladder  is 
a  good  example.  Of  the  species  listed  in  Table  2,  Sitka  spruce  is 
the  only  superior  to  western  hemlock  in  shock  resistance  for  weight, 
and  Norway  pine  the  only  equal.  In  comparing  the  shock  resistance 
of  western  hemlock  with  that  of  other  species,  it  is  well  to  remember 
that  where  the  highest  possible  shock  resistance  is  desired,  as  in 
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Figure  13. — Average  value  and  range  in  hardness  of  clear  wood  of  western  hemlock 
compared  with  that  of  other  species  of  wood.  Western  hemlock  taken  as  100 
points.  Average  is  shown  by  the  end  of  the  horizontal  bar  and  range  by  the 
area  under  the  curve.  One-half  of  all  material  of  a  species  of  wood  will  fall 
within  the  range  shown  by  the  blank  space  between  the  crosshatched  areas  ;  40 
per  cent  in  the  range  shown  by  the  crosshatching,  20  per  cent  above  the  average 
and  20  per  cent  below  the  average  ;  while  10  per  cent,  5  per  cent  above  and  5  per 
cent  below,  will  fall  outside  the  range  shown  by  the  curve.  Western  hemlock  is 
moderately  soft.  Suitability  for  use  requires  consideration  of  character  as  well  as 
actual  hardness.  The  hardness  of  western  hemlock  is  fairly  uniform,  that  is,  it 
does  not  consist  of  pronounced  alternate  bands  of  hard  and  soft  wood.  Hardness 
is  important  in  ties,  flooring,  guides  in  mine  shafts,  and  similar  uses 
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Figure  14. — Average  value  and  range  in  capacity  to  withstand  shocks  for  clear  wood 
of  western  hemlock  compared  with  that  of  other  species  of  wood.  Western  hem- 
lock taken  as  100  points.  Average  is  shown  by  the  end  of  the  horizontal  bar  and 
range  by  the  area  under  the  curve.  One-half  of  all  material  of  a  species  of  wood 
will  fall  within  the  range  shown  by  the  blank  space  between  the  crosshatched 
areas  ;  40  per  cent  in  the  range  shown  by  the  crosshatching,  20  per  cent  above  the 
average  and  20  per  cent  below  the  average  ;  while  10  per  cent,  5  per  cent  above 
and  5  per  cent  below,  will  fall  outside  the  range  shown  by  the  curve.  The  prop- 
erty to  withstand  shocks  is  especially  influenced  by  such  defects  as  knots  and 
cross  grain.     It  is  important  in  ladders,  boxes,  implement  handles,  and  similar  uses 
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certain  athletic  goods  and  handles,  a  number  of  hardwoods  are  so 
much  higher  than  western  hemlock  and  other  softwoods  as  to  prac- 
tically exclude  the  softwoods  from  such  uses.  On  the  other  hand, 
where  shock  resistance  combined  with  the  lowest  possible  weight  is 
desired,  western  hemlock  is  generally  stronger  for  its  weight  than 
the  hardwoods  and  is  one  of  the  best  of  the  softwoods. 

STIFFNESS 

Western  hemlock  has  about  the  same  stiffness  as  Sitka  spruce,  com- 
jnercial  white  oak,  and  western  larch;  is  considerably  stiffer  than 
eastern  hemlock,  western  yellow  pine,  and  chestnut;  but  is  not  so 
stiff  as  Douglas  fir  and  southern  yellow  pine.  A  graphical  com- 
parison of  western  hemlock  with  these  species  is  shown  in  Figure  15. 
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FiouBB  15. — Average  value  and  range  in  stiffness  of  clear  wood  of  western  hem- 
lock compared  with  that  of  other  species  of  wood.  Western  hemlock  taken 
as  3  00  points.  Average  is  shown  by  the  end  of  the  horizontal  bar  and  range 
by  the  area  under  tlie  curve.  One-half  of  all  material  of  a  species-  of  wood 
will  fall  within  the  range  shown  by  the  blank  space  between  the  ciosshatched 
areas ;  40  per  cent  in  the  range  shown  by  the  crosshatching,  20  per  cent 
above  the  average  and  20  per  c.'nt  below  the  average ;  while  10  per  cent,  5 
per  cent  above  and  5  per  cent  bolow,  will  fall  outside  the  range  shown  by 
the  curve.  This  comparison  is  based  on  clear  wood  but  is  applicable  to  lum- 
ber almost  as  well,  provided  that  the  dressed  size  and  moisture  content  are 
comparable,  since  defects  have  little  or  no  influence  on  stiffness.  (Working 
values  for  construction  material,  which  take  into  consideration  factors  other 
than  clear  wood  are  shown  in  Table  1) 

The  stiffness  of  western*  hemlock  is  partly  responsible  for  the 
amount  of  western  hemlock  lumber  used  in  house  construction,  where 
it  is  important  that  the  joists  and  rafters  support  their  loads  with- 
out undue  deflections  or  vibration. 


GRAIN  AND  TEXTURE 

Western  hemlock  is  subject  to  cross  grain  resulting  from  manu- 
facturing the  same  as  other  species,  since  no  lumber  is  absolutely 
straight  grained.  It  has  the  reputation,  however,  of  being  less  sub- 
ject to  spiral  grain  than  Douglas  fir  or  the  spruces.  The  small 
amount  of  spiral  grain  in  western  hemlock  is  responsible  for  it  being 
designated  "straight  grained."  Spiral  grain  not  only  weakens  the 
piece  in  which  it  occurs  {SJ^) ,  but  it  also  creates  a  tendency  to  warp. 
67850—29 4 
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The  wood  cells  of  western  hemlock  are  fairly  uniform  in  size.  Al- 
though the  summer- wood  cells  are  thicker  walled  than  those  in  the 
spring  wood,  there  is  not  the  contrast  between  spring  wood  and 
summer  wood  that  exists  in  southern  yellow  pine,  Douglas  fir,  and 
western  larch,  or  even  eastern  hemlock.  Western  hemlock  is,  there- 
fore, called  a  uniform,  fine-textured  wood.  These  characteristics  ai-e 
important  in  many  uses,  such  as  flooring,  where  uniform  wear  witli 
in  an  annual  ring  is  desired;  in  boxes  and  crates,  where  a  tendency 
of  the  wide  summer-wood  bands  to  deflect  the  nails  is  objectionable"; 
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Figure  16. — Average  value  and  range  in  the  total  shrinkage 
from  a  green  to  an  oven-dry  condition  of  small  clear  pieces 
of  western  hemlock  as  compared  with  that  of  other  species  of 
wood.  Western  hemlock  taken  as  100  points.  Average  is 
shown  by  the  end  of  the  horizontal  bar  and  range  by  the  area 
under  the  curve.  One-half  of  all  material  of  a  species  of 
wood  will  fall  witbin  the  range  shown  by  the  blank  space 
between  the  crosshatched  areas ;  40  per  cent  in  the  range 
shown  by  the  crosshatching,  20  per  cent  above  the  average 
and  20  per  cent  below  the  average ;  while  10  per  cent,  5  per 
cent  above  and  5  per  cent  below,  will  fall  outside  the  range 
shown  by  the  curve 

and  in  indoor  or  outdoor  paint  or  enamel  finishes,  where  the  capacity 
to  hold  a  finish  is  essential. 

SHRINKAGE 


The  average  shrinkage  for  western  hemlock  is  about  the  same  as 
the  amount  for  Douglas  fir  and  Sitka  spruce;  slightly  less  than  for 
western  larch,  loblolly  pine,  and  eastern  spruce;  and  more  than  for 
western  yellow  pine,  eastern  hemlock,  northern  white  pine,  and  west- 
ern white  pine.  The  relative  shrinkage  of  these  and  other  species  of 
w^ood  as  compared  with  western  hemlock  is  shown  in  Figure  16  and 
Table  2. 
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The  occasional  practice  of  shipping  western  hemlock  green  and  of 
using  it  before  it  has  been  sufficiently  seasoned  has,  in  some  instances, 
led  to  the  belief  that  the  species  shrinks  more  than  most  others. 
Water  exists  in  wood  in  two  conditions — as  free  water  contained  in 
the  cell  cavities  and  as  water  absorbed  in  the  cell  walls.  When 
wood  is  dried,  tlie  free  water  passes  off  first.  Water  then  begins 
to  leave  the  cell  walls,  and  shrinkage  starts.  Western  hemlock  con- 
tains much  more  water  when  green  than  Douglas  fir  and  must  dry 
considerably  longer  before  shrinkage  starts.  When  subjected  to 
same  drying  conditions,  western  hemlock  is,  therefore,  not  likely  to 
reach  as  low  a  moisture  content  as  Douglas  fir  and  thus  is  more 
likely  to  be  put  into  use  in  a  comparatively  green  condition.  Used 
green,  it  will,  like  other  species  of  wood,  generally  shrink  sufficiently 
to  cause  trouble.  The  reputation  thus  acquired  h&s  tended  to  re- 
strict its  use  unduly.  The  high  moisture  content  of  green  western 
hemlock  has  no  influence  on  its  shrinkage,  except  in  so  far  as  it  is 
responsible  for  the  species  being  used  before  it  is  properly  seasoned. 
Shrinkage  troubles  with  western  hemlock,  as  with  other  species  of 
wood,  can  be  largely  controlled  by  proper  seasoning. 

Tangentially,  that  is,  across  the  width  of  flat-sawn  board,  western 
hemlock  shrinks  about  8  per  cent  of  its  original  width  in  passing  from 
a  green  to  an  oven-dry  condition.  Kadially,  that  is,  across  the  width 
of  a  quarter-sawn  or  edge-grained  board,  it  shrinks  about  414  per 
cent.  Practically  all  of  the  shrinkage  takes  place  below  about  29 
per  cent  moisture  content.  What  little  shrinkage  takes  place  above 
29  per  cent  moisture  content  is  due  to  nonuniform  drying  in  which 
the  outside  dries  below  the  fiber-saturation  point  (23)  oefore  the 
average  reaches  this  point.  Figure  IT  shows  how  small  specimens 
of  western  hemlock  shrink  from  a  green  to  an  oven-dry  condition. 

The  curves  of  Figure  17  can  be  used  to  determine  the  approximate 
average  shrinkage  or  swelling  of  western  hemlock  that  will  occur 
between  any  two  moisture  conditions.  For  example,  suppose  a 
builder  desires  to  know  how  much  a  subfloor  of  6-inch  fiat-sawn 
western  hemlock  boards  at  20  per  cent  moisture  content  will  shrink 
when  the  boards  come  to  about  6  per  cent  moisture  content,  as  they 
probably  will  in  a  heated  building.  A  line  through  6  per  cent  mois- 
ture content  on  the  left  side  of  Figure  17  meets  the  tangential  shrink- 
age curve  at  6.3  per  cent  average  shrinkage.  (See  dotted  line  on  fig. 
17.)  A  line  drawn  similarly  through  20  per  cent  meets  the  tangen- 
tial shrinkage  curve  at  2.6  per  cent.  The  difference  between  the  two 
values  obtained  is  3.7  per  cent  average  shrinkage.  The  average  board 
under  the  foregoing  conditions  will,  therefore,  shrink  3.7  per  cent 
of  6  inches  or  about  one-fifth  of  an  inch,  leaving  cracks  this  wide 
between  boards  originally  laid  tight.  The  openings  in  such  a  floor 
20  feet  wide  would  total  about  9  inches,  and  the  floor  might  be  un- 
satisfactory, not  because  it  was  built  of  western  hemlock,  but  because 
the  wood  was  not  properly  seasoned  when  laid. 

ABILITY  TO  STAY  IN  PLACE 

The  ability  of  a  wood  to  retain  its  size  and  shape  in  use  depends 
partly  upon  the  amount,  rate,  and  manner  in  which  it  shrinks 
and  partly  upon  the  amount  of  cross  grain  present.  Shrinkage  and 
straightness  of  grain,  however,  do  not  entirely  account  for  the  dif- 
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fer'ences  among  species  in  this  respect,  and  a  numerical  comparison 
of  western  hemlock  with  other  species  in  ability  to  stay  in  place 
is  not  possible  because  of  the  unknown  factors  and  because  no  com- 
parative figures  are  available  on  straightness  of  grain.  A  general 
comparison  based  on  the  best  available  shrinkage  data  and  observa- 
tion indicates  that  western  hemlock  stays  in  place  about  as  well  as 
Sitka  spruce,  somewhat  better  than  Douglas  fir  and  western  larch, 
but  not  so  well  as  northern  white  pine,  western  yellow  pine,  and 
chestnut. 
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Figure  17. — Results  of  tests  on  tangential  and  radial 
shrinltage  of  western  hemloclc.  An  estimate  can  be 
made  witli  the  aid  of  this  chart  of  the  amount  of  change 
in  dimension  that  will  take  place  with  changes  in  the 
moisture  content  of  the  wood 

A  large  number  of  uses,  such  as  interior  trim,  flooring,  and  siding, 
require  along  with  other  properties  that  the  wood  must  stay  in 
place  moderately  well.  The  properties  and  reputation  of  western 
hemlock  indicate  that  it  can  satisfactorily  meet  the  requirements 
of  such  uses  in  this  respect,  provided  it  is  properly  seasoned.  On 
the  other  hand,  for  uses  such  as  in  patterns  where  ability  to  stay  in 
place  is  of  major  importance  the  soft  pines  are  better. 

SEASONING 


Both  the  air  drying  and  kiln  drying  of  western  hemlock  are  com- 
paratively  easy   to   accomplish   without  heavy   losses   or   degrade. 
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Experimental  paint  panels  After  2H  Years'  Exposure  Under  Severe 
Conditions  at  Madison,  Wis. 

A  and  B.— Western  hemlock  panels:  A,  Flat  grain.  Western  hemlock  panel  showing  less  paint 
flaking  from  the  summer  wood  than  C,  a  comparable  panel  of  a  more  coarsely  textured  wood 
with  same  kind  of  paint  of  the  same  age.  Weather  checking  of  the  wood,  due  to  inadequate 
protection  by  the  coating  at  this  stage  in  its  life,  is  much  worse  than  on  B;  B,  edge  grain.  Edge- 
grained  western  hemlock  holds  paint  much  better  than  flat-grained.  The  panel  is  in  excellent 
condition  and  compares  favorably  with  species  of  wood  which  rank  high  in  paint-holding  capacity, 

C  and  D.— Softwood  panels  which  have  more  pronounced  summer-wood  bands  than  western 
hemlock:  C,  Flat  grain.  Characteristic  failure  of  paint  over  summer-wood  bands;  D,  edge 
grain.  The  edge-grained  panel  of  softwood  with  alternate  bands  of  hard  and  soft  wood  is  in 
better  condition  than  the  flat-grained  panel,  but  disintegration  of  paint  over  summer-wood 
bands  is  shown. 
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The  wood  is  relatively  free  from  the  more  serious  drying  difficulties 
such  as  staining,  warping,  collapse,  and  honeycombing.  Most  of 
the  difficulties  and  part  of  the  time  required  to  dry  western  hem- 
lock are  the  result  of  its  comparatively  high  moisture  content  when 
green,  together  with  the  wide  variation  in  the  moisture  content  of 
individual  pieces.  In  spite  of  its  high  initial  moisture  content  it  is 
easier  and  quicker  to  dry  than  redwood  or  cypress,  but  slower  than 
Douglas  fir  and  Sitka  spruce.  On  the  other  hand  Douglas  fir  ap- 
pears to  be  more  subject  to  surface  checking  than  western  hemlock. 
In  kiln  drying  western  hemlock  some  trouble  has  been  experienced 
with  kiln  browning,  which  discolors  both  the  heartwood  and  sap- 
wood.  Laboratory  tests  indicate  that  superheated-steam  treatments 
may  cause  kiln  browning  in  both  western  hemlock  and  sugar  pine. 

Proper  seasoning  can  be  obtained  either  by  air  drying  {13^  15) 
or  kiln  drying  {^3).  The  present  general  practice  with  western 
hemlock  is  to  kiln  dry  all  of  the  select  stock  direct  from  the  saw, 
whereas  practically  all  of  the  common  stock  is  air  seasoned  or 
shipped  green.  Lumber  for  box  shocks  is  practically  all  air  dried  re- 
gardless of  whether  the  shooks  are  to  be  shipped  by  rail  or  water. 

Plate  7  illustrates  examples  of  good  and  poor  air-drying  condi- 
tions. PJate  7,  A,  shows  good  foundations,  well-piled  lumber,  and 
sanitarv  yard  conditions  in  contrast  to  those  shown  in  Plate  7,  B. 
Poor  air-drying  conditions  result  in  much  degrade  due  to  the  warp- 
ing and  twisting  of  the  boards. 

Kiln-drying  schedules  (23)^  which  experiments  have  shown  will 
dry  select  grades  of  western  hemlock  without  excessive  degrade,  are 
given  in  Table  3.  It  may  be  possible  to  dry  the  species  with  severer 
schedules  than  those  recommended,  but  such  schedules  require  more 
care  and  judgment  on  the  part  of  the  kiln  operator.  Even  the 
treatments  recommended  will  probably  result  in  slight  injury  to  the 
strength  as  compared  with  that  which  would  result  from  milder  kiln 
conditions  or  from  air  drying.  If  western  hemlock  is  to  be  dried 
for  specialty  uses,  where  maximum  strength  is  desired,  such  as  in 
ladder  stock,  the  temperatures  and  humidities  of  Aircraft  Schedule 
101  of  the  Kiln  Drying  Handbook  {23)  should  not  be  exceeded. 

Table  3. — Kiln-drying  schedules  for  western  hemlock 


Moisture  content  at  which  change 
should  be  made,  (per  cent) 

Drying  conditions 

Thickness  of  stock 

Maximum 
dry-bulb 
tempera- 
ture 

Wet-bulb 
tempera- 
ture 

Minimum 

relative 
humidity 

4/4to6/4 

45  or  more 

180 
190 
200 
180 
190 
200 
135 
150 
165 
175 

165 
161 
150 
165 
161 
150 
123 
126 
132 
130 

Per  cent 
70 

40 

50 

20 

30 

7/4to9/4    

40  or  more..         .          . 

70 

35 

50 

16 

30 

lC/4to  12/4 

35  or  more        .. 

70 

30 

50 

20 

40 

15 

30 
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EASE  OF  MACHINING  AND  WORKING 

Ease  of  working  with  hand  and  machine  tools,  both  as  to  charac- 
ter of  surface  obtained  and  work  involved,  is  more  dependent  upon 
the  character  and  condition  of  the  cutting  edges  than  on  the  species. 
Thus  dull  or  unsuitable  tools,  improper  bevels,  setting  or  speed  of 
machine  knives,  and  Improper  seasoning  may  lose  for  western  hem- 
lock, or  any  other  species,  such  advantages  as  it  may  have  in  ease  and 
smoothness  of  working.  The  necessity  of  considering  the  kind  and 
the  condition  of  tools  used  complicates  the  comparison  of  species 
of  wood  for  workability,  and  at  the  present  time  no  satisfactory 
numerical  method  of  measuring  workability  has  been  devised.  The 
comparisons  given  between  western  hemlock  and  other  species  are. 
therefore,  general  and  are  drawn  from  observation,  exiDerience,  and 
a  study  of  such  properties  as  hardness  and  texture,  which  have  an 
influence  on  the  ease  of  working. 

The  absence  of  resin,  gum,  and  mineral  substances  in  western  hem- 
lock and  its  uniform  texture,  moderate  softness,  and  straightness  of 
grain  make  it  easy  to  cut,  turn,  and  shape.  In  this  respect  it  is  in 
general  somewhat  easier  to  work  than  Douglas  fir  or  southern  ^^ellow 
pine  and  is  somewhat  similar  to  southern  cypress,  and  white  fir,  but 
is  not  so  easy  to  work  as  northern  white  pine,  western  white  pine,  or 
western  yellow  pine. 

When  western  hemlock  is  planed  or  joined,  the  finished  surface  is 
not  so  smooth  as  that  of  some  of  the  pines,  especially  western  yellow 
pine,  in  that  the  finished  surface  lacks  the  slick  polished  appearance 
of  these  species.  Also  in  crosscutting,  the  edges  are  not  so  clean 
cut  and  smooth  because  western  hemlock  has  a  greater  tendency  to 
break  back  from  the  edge,  especially  with  dull  or  coarse  saws.  On 
the  other  hand,  western  hemlock  does  not  fuzz  so  much  as  white  fir 
and  the  grain  does  not  raise  so  much  as  in  Douglas  fir  or  the  southern 
pines. 

NAIL-IIOLDING   CAPACITY 

Western  hemlock  when  nailed  in  a  dry  condition  holds  nails  about 
as  well  as  Douglas  fir  (coast  type),  slightly  better  than  western 
white  pine,  and  considerably  better  than  western  yellow  pine  and 
white  fir,  but  not  so  well  as  southern  yellow  pine.  This  comparison 
takes  no  consideration  of  the  tendency  of  wood  to  split  in  nailing, 
but  refers  only  to  the  inherent  holding  power  of  the  wood  itself.  A 
comparison  of  the  nail-holding  power  of  western  hemlock  with  these 
and  other  species  is  shown  in  Figure  18.  The  comparisons  in  Figure 
18  are  based  on  tests  made  with  7-penny  cement-coated  nails.  Other 
tests,  however,  indicate  that  if  tests  were  made  using  other  sizes  and 
types  of  nails  the  results  would  be  substantially  proportionate. 
"  The  nail-holding  power  of  wood  is  generally  proportional  to  its 
.specific  gravity.  Woods  that  have  a  higher  specific  gravity  than 
western  hemlock,  therefore,  usually  have  a  higher  nail-holding 
power.  This  rule  affords  a  means  of  roughly  comparing  western 
hemlock  with  species  not  shown  in  Figure  18. 

Western  hemlock  when  nailed  in  a  green  condition  has  a  com- 
paratively high  nail-holding  power  as  long  as  the  wood  remains 
wet.  If,  however,  the  wood  dries  after  nailing,  the  nails  rapidly 
lose  their  grip  in  the  wood,  so  that  by  the  time  the  wood  is  air  dried 
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to  about  12  per  cent  moisture  content  the  nails  retain  only  about  one- 
fifth  of  the  holding  power  they  had-  when  first  driven  into  the  green 
wood.  The  loss  of  nail-holding  power  with  drying  is  exceptionally 
high  in  western  hemlock,  being  about  equal  to  that  in  white  fir  and 
greater  than  that  in  eastern  hemlock,  northern  white  pine,  western 
3^ellow  pine,  and  western  larch.  (Fig.  19.)  It  is  poor  practice  to 
nail  into  green  wood  of  any  species  when  the  wood  will  later  dry 
out  in  use,  and  it  is  especially  poor  practice  in  western  hemlock. 

Nail-holding  power  is  of  importance  in  studding  and  other  fram- 
ing material  used  in  construction,  and  especially  in  box  material 
since  the  nailing  is  the  weakest  point  in  the  wooden  box. 

SPLITTING 

Resistance  to  splitting  is  commonly  measured  by  cleavage  tests 
and  by  tension  tests  in  which  blocks  of  standard  size  and  shape  are 
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Figure  18. — Results  of  tests  on  holding  jwwer  of  nails  driven  into  and  pulled  at 
once  from  dry,  clear  wood  of  western  hemlock  compared  with  that  of  other  species 
of  wood.  Western  hemlock  taken  as  100  points.  Comparison  based  on  tests  made 
with  7d  cement-coated  nails  pulled  from  wood  unaffected  by  shakes,  checks,  and 
other  defects.  Nail-holding  power  is  an  important  requirement  in  wood  used  for 
boxes,  joists,  roofing  boards,  and  in  similar  uses 

pulled  apart  by  forces  acting  at  right  angles  to  the  grain.  TLb 
results  or  such  tests  are  shown  in  Figure  20.  The  value  of  hemlock 
is  taken  as  100.  Cleavage  and  tension  tests,  however,  do  not  show 
the  tendency  of  a  wood  to  split  in  handling  or  in  service,  neither  do 
they  indicate  the  relative  likelihood  of  splitting  in  nailing.  Split- 
ting under  the  action  of  nails  is  influenced  by  hardness,  straightness 
of  grain,  and  evenness  of  texture,  as  well  as  by  ability  to  resist  ten- 
sion across  the  grain.  If  two  woods  have  equal  tension  values,  other 
things  being  equal,  they  will  have  about  the  same  percentage  of 
split  pieces  in  nailing.  If,  however,  the  two  woods  have  equal 
tension  values  but  differ  in  hardness,  then  it  will  require  more  force 
to  drive  nails  in  the  harder  wood,  and  greater  splitting  action  will 
be  exerted.  The  harder  wood  will,  therefore,  split  more  often  in 
nailins:.    The  hard  summer-wood  bands  in  wood  of  nonuniform 
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texture  cause  nails  to  turn  and  split  the  wood,  while  cross  grain 
causes  splitting  at  the  edges  of  the  piece. 

A  comparison  of  western  hemlock  with  other  species  of  wood  in 
respect  to  inherent  resistance  to  splitting  as  measured  by  cleavage 
and  tension  tests  shows  western  hemlock  to  have  about  the  same 
«?plitting  resistance  as  Douglas  fir,  a  higher  resistance  than  eastern 
hemlock,  and  a  lower  resistance  than  southern  yellow  pine  and 
western  yellow  pine.  A  comparison  of  the  tendency  of  these  species 
to  split  in  nailing,  however,  as  indicated  by  an  analysis  of  the  effect 
of  such  properties  as  hardness,  texture,  and  grain,  in  combination 
with  splitting  resistance  in  tension,  shows  quite  different  results. 
Douglas  fir  has  about  the  same  tension-splitting  resistance  as  western 
hemlock,  but  because  Douglas  fir  is  harder,  less  uniform  in  texture, 
and  more  subject  to  cross  grain  than  western  hemlock  it  splits  more 
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FiGUBE  19. — Results  of  tests  on  loss  of  nail-holding  power  of  western  hemlock  as 
compared  with  that  of  other  species  of  wood,  when  the  wood  is  nailed  in  a  green 
condition  and  then  seasoned.  This  loss  is  so  large  that  the  moisture  condition  of 
the  wood  at  the  time  of  use  is  often  more  important  than  the  species  of  wood  used 

often  in  nailing.  Southern  pine  likewise  will  split  more  in  nailing 
than  western  hemlock,  even  though  it  has  a  higher  resistance  to 
tension  splitting,  because  of  its  greater  hardness  and  more  pro- 
nounced bands  of  summer  wood.  Eastern  hemlock  will  also  split 
more  in  nailing  than  western  hemlock,  although  its  hardness  is 
about  the  same,  because  it  is  lower  in  tension-splitting  resistance 
and  has  more  shake.  Western  yellow  pine,  on  the  other  hand,  will 
split  less  in  nailing  than  western  hemlock  because  it  is  softer,  more 
uniform  in  texture,  and  has  a  higher  tension-splitting  resistance. 

A  comparison  of  the  splitting  to  be  expected  in  yarding,  handling, 
and  service  is  not  so  readily  made,  for  additional  factors,  such  as 
seasoning  and  manufacturing,  influence  the  amount  of  such  splitting. 
If,  however,  the  consumer  is  familiar  with  the  conditions  in  which 
the  different  species  of  wood  come  on  his  local  market,  he  can  use  the 
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splitting  resistance  as  a  basis  for  a  comparison  similar  to  the  one 
made  for  nailing.  Thus,  if  two  species  of  wood  have  about  the  same 
splitting  resistance,  but  one  is  coming  on  the  local  market  checked 
and  cupped  more  than  the  other,  the  checked  and  cupped  material  is 
likely  to  split  more  in  handling  and  in  service.  Of  two  species  dif- 
fering in  splitting  resistance,  the  one  with  the  greater  amount  of 
seasoning  defect  will  generally  split  more  in  handling  and  service 
than  the  other  even  though  it  is  the  higher  in  splitting  resistance. 


GLUING  QUALITIES 


Laboratory  tests  (^4)  indicate  that  with  western  hemlock  satis- 
factory glue  joints  can  readily  be  obtained  with  animal,  vegetable, 
or  casein  glue.  (Fig.  21.)  Western  hemlock,  on  account  of  its  good 
gluing  characteristics  may  be  used  where  wood  is  glued  under  ad- 
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Figure  20. — Results  of  tosts  on  the  splitting  resistance  of  clear  wood  of  western 
hemlock  compared  with  that  of  other  species  of  wood.  This  comparison  is  based 
on  wood  free  from  shakes,  checks,  and  other  defects.  The  tests  were  made  hy 
pulling  apart  small  blocks  across  the  grain.  The  results  do  not  indicate  the 
tendency  of  the  various  woods  to  split  in  nailing 

verse  conditions,  where  the  cost  of  carefully  controlled  gluing  con- 
ditions is  not  justified,  and  where  gluing  is  performed  by  relatively 
inexperienced  persons. 

PAINTING  AND  FINISHING  QUALITIES 

Western  hemlock  holds  the  customary  base  paints  reasonably  well 
as  compared  with  other  woods.  Tlie  knots,  which  in  many  woods 
are  a  cause  of  early  paint  flaking,  in  western  hemlock  hold  paint 
almost  as  well  as  the  clear  wood,  so  that  in  the  lumber  grades  below 
B  and  Better,  western  hemlock  ranks  particularly  high  amon<;  woods 
in  capacity  to  take  and  hold  paint.  Smooth  interior  pamt  and 
enamel  coatings  applied  to  wood  reasonably  free  from  raised  grain 
may  ordinarily  be  obtained  on  flat-grained  boards  of  western  hem- 
lock. Neither  the  heartwood  nor  the  sapwood  of  western  hemlock 
contains  resinous  material  that  will  discolor  paints  or  enamels.     On 
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exterior  exposure,  paint  fails  eventually  on  flat-grained  surfaces  of 
western  hemlock  by  flaking  from  the  summer  wood,  but  this  does 
not  occur  so  soon  as  it  does  on  woods  having  denser  summer  wood 
disposed  in  wider  bands.  (PL  8.)  On  western  hemlock  many 
paints  fail  because  of  weather  checking  of  the  wood  before  much,  if 
any,  wood  surface  has  been  left  bare  through  flaking  from  the  sum- 
mer wood.  (PL  8,  A.)  Edge-grained  boards  of  western  hemlock 
hold  paint  better  and  require  less  paint  protection  to  prevent  weather 
checking  than  do  flat-grained  boards.  (PL  8,  A  and  B.)  When 
flat-grained  boards  are  used,  especially  out  of  doors,  they  should  be 
placed  with  the  sap  side  rather  than  the  heart  side  exposed  to  the 
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Figure  21. — Results  of  tests  on  gluing  qualities  of  western  hemlock  as  compared 
with  other  species  of  wood.  Joints  made  with  animal,  vegetable,  and  casein 
glues.  The  smaller  the  percentage  of  wood  failure  the  greater  the  care  required 
to  obtain  satisfactory  glue  joints.  Percentage  of  wood  failure,  however,  is  not  a 
direct  measure  of  percentage  of  the  strength  of  wood  developed  by  glued  joints 

weather  in  order  to  prevent  the  possible  development  of  loose  grain 
in  spit^  of  paint  protection. 

A  study  of  the  painting  characteristics  of  western  hemlock  and 
16  other  woods  when  painted  with  paints  and  by  methods  represen- 
tative of  customary  practice  in  house  painting  has  been  in  progress 
since  1924,  (5,  9).  The  following  comparisons  of  western  hemlock 
with  other  species  of  wood  are  based  on  the  results  obtained  from  11 
experimental  fences  located  at  widely  separated  points  throughout 
the  United  States.  In  these  tests,  which  were  all  in  exterior  ex- 
posure, western  hemlock  did  not  hold  paint  so  well  as  southern  cy- 
press or  the  cedars  and  not  quite  so  well  as  northern  white  pine,  west- 
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ern  white  pine,  or  sugar  pine.  Its  holding  capacity  was  very  similar 
to  that  01  eastern  hemlock  and  the  spruces.  It  was  slower  than 
Douglas  fir,  southern  yellow  pine,  western  larch,  and  white  fir  in 
yielding  to  the  tendency  for  paint  to  flake  from  its  bands  of  summer 
wood,  just  as  would  be  expected  from  the  fact  that  western  hemlock 
is  more  uniform  in  texture  than  these  woods  and  its  summer  wood 
apparently  is  lighter  and  generally  in  narrower  bands.  The  knots 
in  western  hemlock  held  paint  as  well  as  the  knots  in  any  other  com- 
mercial softwood  species  of  wood,  no  doubt  because  of  their  non- 
resinous  nature. 

No  similar  investigation  has  been  made  of  the  painting  character- 
istics  of  woods  for  interior  exposure.  Since  in  such  uses  paint  flak- 
ing from  summer  wood  on  aging  is  not  normally  experienced,  the  re- 
sult of  outdoor  tests  are  not  immediately  applicable  to  indoor  condi- 
tions. However,  in  general,  woods  of  uniform  texture,  with  light 
summer  wood,  are  preferred  for  smooth  paint  and  enamel  finishes. 
Western  hemlock  on  that  score  takes  the  rating  among  the  softwoods 
given  in  the  preceding  paragraph.  In  addition  it  is  free  from  the 
^ndency  for  the  paint  or  enamel  to  turn  brown  over  the  heartwood. 

No  experiments  have  been  conducted  by  the  Forest  Service  for  de- 
termining the  qualities  of  different  species  of  wood  with  respect  to 
varnishing  and  natural  finishing.  The  deciding  factor  in  the  selec- 
tion of  species  for  natural  or  varnish  finish,  however,  is  usually  the 
luster  of  the  wood  and  the  character  and  beauty  of  the  figure.  West- 
ern hemlock  is  often  used  for  purposes  which  require  such  finishes. 
When  a  natural  finish  is  used  on  western  hemlock  it  quite  often  has 
light  and  dark  areas,  which  give  a  dappled  effect  somewhat  similar 
to  that  shown  by  natural-finished  curly  birch.  The  effect  may  be 
desirable  or  undesirable  depending  on  the  individual  taste  and  the 
general  effect  desired.  Where  it  is  not  desired  it  can  be  modified  by 
using  a  thin  coat  of  shellac  as  a  filler  before  applying  a  stain. 

RESISTANCE  TO  DECAY,  WEATHERING,  AND  INSECTS 

In  general,  western  hemlock  is  not  suited  for  use  under  conditions 
that  are  favorable  to  the  growth  of  wood-destroying  fungi,  unless  it 
has  received  a  good  preservative  treatment. 

Comparisons  of  the  relative  decay  resistance  of  untreated  western 
hemlock  and  different  species  must  be  estimates.  They  can  not  be 
exact,  and  they  may  be  very  misleading  if  considered  as  mathemati- 
cally accurate  and  applicable  to  all  cases.  They  may  be  very  useful, 
however,  if  considered  as  approximate  averages  only,  from  which 
specific  cases  may  vary  considerably,  and  as  having  application  only 
.where  the  wood  is  used  under  conditions  that  favor  decay. 
^  Service  records  where  available,  supplemented  by  general  expe- 
rience, lead  to  the  classification  of  the  heartwood  of  the  cedars,  chest- 
nut, southern  cypress,  the  junipers,  black  locust,  red  mulberry,'  Osage 
oranp,  redwood,  black  walnut,  and  Pacific  yew  as  much  more 
durable  than  western  hemlock. 

Similarly  the  heartwood  of  aspen,  basswood,  cottonwood,  the  true 
firs  (not  Douglas  fir),  and  the  willows  may  be  classed  as  lower  in 
dec^  resistance  than  western  hemlock,  while  the  heartwood  of  Doug- 
las fir,  red  gum,  western  larch,  chestnut  oak,  southern  yellow  pine, 
and  tamarack  may  be  classed  as  slightly  more  durable  than  western 
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hemlock.  The  heartwood  of  dense  Douglas  fir,  honey  locust,  white 
oak,  and  dense  southern  yelloAV  pine  may  also  be  classed  as  consid- 
erably more  durable  than  western  hemlock,  while  the  ashes,  beech,  the 
birches,  sugar  maple,  the  red  oaks,  and  the  spruces  may  be  consid- 
ered as  having  the  same  decay  resistance  as  western  hemlock. 

Untreated  western  hemlock  crossties  have  been  estimated  to  have 
an  average  life  in  service  of  from  five  to  six  years,  as  compared  to  six 
to  seven  years  for  Douglas  fir  crossties  and  three  to  four  years  for 
white  fir  crossties;  this  estimate,  however,  is  only  approximate  be- 
cause the  decay  resistance  will  vary  widely  with  the  moisture  condi- 
tions of  service  and  with  the  percentage  of  sapwood,  since  dampness 
favors  the  growth  of  the  fungi  that  destroy  wood  and  the  sapwood 
of  all  species  will  usually  rot  quickly  under  conditions  that  favor 
decay. 

The  weathering  of  flat-grained  western  hemlock,  which  is  caused 
by  unequal  drying  when  exposed  to  the  weather,  especially  when  un- 
painted,  is  characterized  by  relatively  little  grain  rising  and  by  a 
comparatively  few  long  checks  rather  than  numerous  short  ones. 
Edge-grained  western  hemlock  weathers  Avell,  the  characteristic 
checks  of  the  flat-grained  material  being  absent,  as  is  the  washboard 
effect  from  unequal  weathering  of  spring  wood  and  summer  wood. 
This  description  of  the  weathering  characteristics  of  western  hemlock 
is  based  largely  on  results  from  unpainted  panels  exposed  for  two 
and  one-half  years  at  Madison,  Wis.,  and  to  a  less  extent  on  painted 
panels  exposed  in  various  parts  of  the  United  States. 

A  comparison  of  the  weathering  of  western  hemlock  and  the  weath- 
ering of  other  species  based  on  these  same  panels  indicates  that  flat- 
grained  western  hemlock  weathers  less  than  flat-grained  Douglas  fir 
or  eastern  hemlock.  The  weathering  of  flat- grained  western  hemlock 
is  confined  largely  to  checking  and  cupping.  In  the  other  species 
mentioned  the  checking  and  cupping  are  at  least  as  severe  as  in  west- 
ern hemlock,  and  in  addition  the  grain  rises.  Flat-grained  southern 
cypress  and  the  cedars  weather  less  than  flat-grained  western  hem- 
lock because  they  check  less.  In  edge-grained  material  there  is  little 
difference  between  these  species  and  western  hemlock. 

All  native  species  of  wood  are  subject  to  attack  by  termites,  or 
white  ants,  and  vary  only  slightly  in  susceptibility.  Western  hem- 
lock, however,  does  not  rank  high  in  resistance  to  attack  by  termites, 
and  if  it  is  used  under  conditions  that  favor  their  attack  the  custom- 
ary precautions  {20)  should  be  observed. 

PRESERVATIVE  TREATMENT 

Preservative  treatment  largely  eliminates  the  difference  in  the  de- 
cay resistance  of  species  of  wood.  Given  a  good  preservative  treat- 
ment, therefore,  western  hemlock,  like  other  species,  will  have  en- 
tirely satisfactory  decay  resistance.  Preservative  treatments  broaden 
the  field  of  usefulness  of  western  hemlock  by  enabling  it  to  be  safely 
and  satisfactorily  used  under  conditions  that  favor  rapid  decay. 

The  available  information  on  the  treating  characteristics  of  west- 
ern hemlock  is  not  sufficient  to  permit  a  comparison  with  other  species 
of  wood.  It  is  known,  however,  that  western  hemlock  can  be  treated 
successfully  with  creosote  or  water-soluble  preservatives  by  standard 
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methods  and  that  the  treatment  of  the  species  with  these  preservatives 
presents  no  serious  problems. 

HEAT    AND    INSULATING    PROPERTIES 

Although  no  tests  have  been  made  on  the  heat  conductivity  of  west- 
ern hemlock,  tests  on  other  species  of  wood  indicate  that  the  denser 
or  heavier  the  wood  the  greater  is  its  heat  conductivity  {6,  30). 
Western  hemlock  would  therefore  be  expected  to  have  a  higher  in- 
sulating value  than  Douglas  fir,  southern  yellow  pine,  or  southern 
cypress,  and  about  the  same  as  Sitka  spruce,  northern  white  pine, 
western  white  pine,  or  eastern  hemlock,  and  lower  than  western 
red  cedar. 

All  woods  have  high  heat-insulating  properties,  and  the  differences 
in  heat  conductivity  among  species  are  small  as  compared  with  other 
factors  affecting  heating  loss  (^9). 

PERMEABIUTY  BY  UQUIDS 

Western  hemlock  does  not  appear  to  be  particularly  easy  to  pene- 
trate with  liquids.  General  observation  on  the  penetration  of  wood 
by  liquids  indicates  that  when  leakage  occurs  from  tight  cooperage 
of  western  hemlock  it  is  due  to  some  cause  other  than  the  ease  with 
which  the  liquid  penetrates  the  wood  itself.  There  are  not  sufficient 
data  to  prove  or  disprove  the  common  belief  that  western  hemlock 
absorbs  liquids  quickly  and  to  such  an  extent  that  most  liquids  will 
leak  or  seep  from  containers  made  from  it. 

TENDENCY  TO  IMPART  ODOR  OR  FLAVOR 

The  substance  which  causes  western  hemlock  to  have  a  sour  odor 
while  green  is  apparently  changed  chemically  in  drying,  because 
once  dried  western  hemlock  loses  its  odor.  Even  when  dry  western 
hemlock  was  soaked,  no  return  of  the  disagreeable  odor  of  the  green 
wood  could  be  detected  in  a  series  of  trials  conducted  at  the  Forest 
Products  Laboratory.  These  trials  are  substantiated  by  tests  made 
by  the  Bureau  of  Animal  Industry  ^-  and  by  the  fact  that  western 
liemlock  is  used  for  butter  containers  without  any  record  of  detriment 
to  their  contents. 

TENDENCY  TO  LEACH  COLORING  MATTER 

Western  hemlock  wood  has  no  gums,  oils,  or  water  solubles  that 
leach  out  and  discolor  foods,  paints,  plaster,  or  corrode  metals.  The 
bark,  however,  contains  a  relatively  high  percentage  of  tannin,  and 
this  will  leach  out  and  color  some  substances,  such  as  plaster,  when  it 
comes  in  contact  with  them.  For  uses  such  as  lath,  where  staining 
from  leached  tannin  is  objectionable,  a  grade  which  prohibits  bark 
should  be  used. 

"United  States  Department  of  Agricdltuhe,  Bureau  op  Animal  Industry,  inves- 
tigation OF  thb  suitability  of  various  kinds  op  wood  for  BUTTEai  containers.  .  .  . 
U.  S.  Dept.  Agr.,  Bur.  Anim.  Indus.     1919.      (Unpublished  report.) 
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CHEMICAL  PROPERTIES 

An  experiment  on  western  hemlock  made  at  the  Forest  Products 
Laboratory  gave  a  yield  of  23  gallons  of  ethyl  alcohol  per  ton  of 
wood,  21  per  cent  of  the  wood  being  convertible  into  sugars  and  77 
per  cent  of  these  sugars  being  fermentable  {26).  This  yield  was 
about  10  per  cent  higher  than  was  obtained  from  Douglas  fir,  about 
12  per  cent  lower  than  was  obtained  from  white  spruce,  and  about 
double  that  obtained  from  any  of  the  hardwoods. 

It  is  reported  that  no  chemical  reactions  that  are  detrimental  to  the 
sheathing  of  lead-covered  cables  take  place  when  creosoted  western 
hemlock  is  used  for  buried  conduits  that  have  no  ventilation  (ii). 

ACro  AND  FIRE  RESISTANCE 

There  are  no  data  available  on  the  acid-resistance  qualities  of 
western  hemlock,  but  from  the  fact  that  the  only  known  species 
with  high  acid  resistance  are  those  with  high  decay  resistance,  it  is 
not  likely  that  western  hemlock  will  rank  high  in  resistance  to  acids ; 
at  least  on  the  basis  of  present  knowledge  it  can  not  be  recommended 
for  uses  requiring  this  property. 

The  data  on  the  inflammability  of  western  hemlock  are  not  suffi- 
cient to  justify  any  but  a  very  general  comparison  with  other  species 
of  wood,  because  the  observed  difference  in  the  inflammability  of 
species  is  too  small  to  be  significant  in  view  of  the  wide  variation 
observed  in  individual  pieces  of  the  same  species.  While  western 
hemlock  will  burn  readily,  it  will  not  ignite  so  easily  as  resinous  woods. 

Laboratory  tests  have  shown  that  western  hemlock  bark  has  a 
tannin  content  (i,  7)  that  usually  runs  from  12  to  15  per  cent, 
whereas  eastern  hemlock  bark  usually  has  from  10  to  12  per  cent 
lannin. 

USES  OF  WESTERN  HEMLOCK 

In  comparison  with  other  commercial  softwoods  western  hemlock 
is  in  a  middle  position  with  respect  to  most  of  its  mechanical  prop- 
erties, and  is  therefore  used  for  a  wide  range  of  purposes.  The 
properties  that  make  it  suitable  for  interior  trim,  siding,  flooring, 
boxes,  ladders,  and  core  stock  are  high  strength  for  unit  weight ;  good 
painting  and  gluing  characteristics;  light,  bright  color;  lack  of 
gums  and  resins;  fairly  uniform  texture;  and  workability.  On  the 
other  hand,  low  resistance  to  decay  precludes  its  use  untreated  in 
contact  with  the  ground  or  in  moist  or  damp  locations  such  as  that 
of  flooring  in  stock  barns  or  decking  in  freight  cars.  It  is  evident, 
therefore,  that  while  western  hemlock  is  suitable  for  a  wide  range  of 
uses,  its  low  resistance  to  decay  does  not  fully  warrant  lumber  yards 
carrying  it  as  a  single  species  to  supply  the  widest  variety  of  uses. 

THE  RELATION  OF  PROPERTIES  TO  USES 

In  determining  the  value  of  western  hemlock  or  any  other  kind  of 
lumber  for  any  specified  use,  consideration  should  be  given  to  the 
relation  of  its  properties  to  the  requirements  most  essential  for  that 
use.  This  fact,  self-evident  though  it  appears,  is  not  universally 
regarded  nor  is  it  easy  to  apply  practically.  The  determination  of 
the  most  essential  requirements  for  a  use  may  sometimes  necessitate 
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considerable  study  and  exacting  research.  In  addition,  as  pre- 
viously pointed  out,  the  value  of  a  species  of  wood  for  a  given  use 
is  ordinarily  based  upon  a  combination  of  properties  rather  than 
upon  a  single  property.  While  the  relative  importance  of  the  prop- 
erties is  undetermined  in  most  uses,  the  consumer  in  his  daily  con- 
tact with  his  particular  use  may  observe  and  study  the  essential 
requirements  and  compare  these  requirements  with  the  properties 
of  western  hemlock.  Thus  he  can  arrive  at  a  conclusion  as  to  the 
suitability  of  western  hemlock  for  his  purpose. 

The  discussion  of  the  uses  of  western  hemlock  is  intended  to  show 
how  the  properties  apply  to  some  of  th  emore  import-ant  uses.  In 
ihe  absence  of  laboratory  or  service  tests,  the  requirements  of  a  use 
are  based  upon  observation  and  experience.  The  discussion  of  the 
uses  should  therefore  be  considered  in  the  nature  of  illustrations 
intended  as  an  aid  or  guide  to  the  use  of  the  information  on  proper- 
ties of  western  hemlock,  rather  than  as  a  specific  recommendation  or 
final  conclusion  resulting  from  scientific  tests. 

GENERAL  BUILDING  MATERIAL 

The  most  important  and  largest  use  of  western  hemlock  is  as  a 
building  material.  The  term  building  material,  however,  includes  a 
number  of  specific  uses,  and  western  hemlock,  like  most  softwoods,  is 
manufactured  into  a  number  of  items,  such  as  boards,  ship-lap,  dimen- 
sion, flooring,  and  finish,  largely  to  meet  the  various  requirements  of 
the  building  trade.  Some  of  these  items,  such  as  boards  and  dimen- 
sion, are  used  for  several  purposes,  while  other  items,  such  as  siding 
and  flooring,  have  more  restricted  uses.  Hence  any  general  discus- 
sion of  western  hemlock  for  so  varied  a  use  as  building  material  would 
be  too  indefinite  to  be  of  much  value.  The  various  items  of  western 
hemlock  yard  lumber  are,  therefore,  discussed  as  to  suitability  for 
specific  uses  in  buildings. 

COMMON  BOARDS  AND  SHIP-LAP 

Common  boards  are  a  lumber  item  that  is  not  manufactured  for 
any  specific  use.  The  mill  operator,  at  the  time  of  sawing,  does  not 
know  into  which  of  the  many  uses  this  class  of  product  will  go.  The 
yard  dealer,  when  common  boards  and  ship-lap  leave  his  yard,  may  or 
may  not  know  the  use  to  which  they  are  to  be  put.  Certain  consumers 
even  require  a  general-utility  board. 

Western  hemlock  has  several  characteristics  which  are  favorable  to 
its  general  use  as  boards  and  ship-lap.  It  has  a  uniform  texture  and 
moderate  softness,  which  make  it  easy  to  saw  and  nail;  lightness, 
which  makes  it  easy  to  handle;  and  knots  that  are  relativelv  small 
and  tight  in  all  grades.  The  character  of  the  knots  and  freedom 
from  resin  and  pitch  pockets  contribute  to  its  good  painting  quali- 
ties. Taken  with  its  light,  bright  color  and  lack  of  sap  stain,  these 
characteristics  in  western  hemlock  appeal  to  the  consumer  on  the 
basis  of  appearance  even  for  strictly  utilitarian  purposes.  On  the 
other  hand,  its  relatively  low  decay  resistance  is  a  drawback  where 
it  comes  in  contact  with  the  ground  or  is  exposed  to  moist  conditions. 

To  the  extent  that  the  final  use  can  not  be  anticipated,  western  hem- 
lock boards  and  ship-lap  are  not  to  be  classed  with  the  stronger  and 
more  decay  resistant  species  of  wood.     However,  where  the  final 
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use  can  be  determined  at  the  time  of  purchase,  the  common  boards 
of  western  hemlock  have  a  large  field  of  usefulness.  This  field  of 
usefulness  will  be  realized  only  as  purchases  can  be  linked  more 
closely  with  specific  uses. 

The  requirements  of  the  individual  uses  to  which  common  boards 
are  put  in  building  construction  warrant  separate  discussion  with 
reference  to  the  suitability  of  western  hemlock. 

SUBFLOORS 

The  principal  species  of  wood  used  commercially  have  sufficient 
strength  for  use  as  subflooring.  Standard  methods  of  construction 
are  such  that  there  is  little  or  no  danger  of  subfloors  failing  me- 
chanically. Where  western  hemlock  is  used,  it  is  usually  because  of 
its  moderate  softness,  uniform  texture,  and  lightness,  which  make  it 
easy  to  put  in  place;  also  because  of  its  straightness  of  grain,  com- 
bined with  moderate  shrinkage,  which  tend  to  reduce  warping  and 
twisting  both  before  and  after  laying;  and  because  of  its  relatively 
small  tight  knots,  which  not  only  give  a  tight  floor  but  present  a  good 
appearance  during  construction.  All  of  these  points  are  of  such  a 
nature  that  they  may  be  largely  offset  by  insufficient  or  poor 
seasoning. 

There  is,  however,  little  difference  in  the  suitability  of  western 
hemlock  and  other  species  of  wood  for  subfloors.  The  individual 
user  must  choose  betw^een  strength  on  the  one  hand  and  ease  of 
working  combined  with  good  appearance  and  lack  of  warping  on 
the  other. 

SHEATHING 

The  principal  purposes  of  sheathing  are  to  tie  various  parts  of  a 
structure  into  units  and  to  prevent  the  passage  of  air  into  and  out 
of  the  structure.  Differences  in  strength  and  decay  resistance  of 
different  species  of  wood  have  little  practical  significance  for  this 
use.  Even  small  differences  in  the  type  of  construction  will  more 
than  offset  the  differences  in  the  strength  and  stiffness  of  any  of  the 
species  of  wood  commonly  used  for  sheathing.  For  example,  walls 
braced  or  diagonally  sheathed  with  lumber  of  relatively  low  stiffness 
will  be  stiffer  and  stronger  than  unbraced  walls  or  walls  horizontally 
sheathed  with  a  stiffer  species  of  wood.  Even  a  difference  in  the 
method  of  nailing  horizontal  sheathing  may  offset  differences  in  the 
stiffness  of  the  lumber  used.  Again,  where  western  hemlock  is  used 
for  sheathing  it  is  usually  because  of  ease  of  sawing  and  nailing, 
small  tendency  to  warp  and  twist,  and  tightness.  The  result  is  that 
the  choice  of  a  species  of  wood  for  sheathing  depends  largely  on 
price,  grade,  and  the  thoroughness  of  seasoning. 

EOOF   SHEATHING 

Several  properties -are  desired  in  wood  used  for  roofing  boards. 
The  wood  should  have  good  nail-holding  power  in  order  to  hold 
shingles  or  other  roofing ;  it  should  not  split  excessively  where  roofing 
nails  come  through ;  and  it  should  have  sufficient  stiffness  so  that  the 
boards  do  not  spring  too  much  under  the  hammer,  making  the  driv- 
ing of  nails  difficult  and  tending  to  cause  overdriving  and  splitting 
of  shingles.  Lightness,  which  facilitates  ease  of  handling  to  and  on 
the  roof,  is  also  desirable.    A  comparison  of  western  hemlock  with 
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other  species  for  the  properties  mentioned  is  made  under  the  heading 
"Mechanical  and  Physical  Properties."  The  relative  importance  of 
the  different  properties  is  a  matter  of  judgment.  The  final  selection 
of  a  species  of  wood  will  therefore  vary,  depending  upon  the  im- 
portance the  consumer  assigns  to  the  various  properties. 

Although  a  few  species  of  softwood  now  furnish  the  bulk  of  the 
roofing  boards,  western  hemlock  is  one  of  several  other  species  of 
wood  that  can  be  used  satisfactorily,  particularly  if  the  wood  is 
properly  seasoned  when  put  in  place.  Generally  a  comparison  of 
western  hemlock  with  the  principal  species  now  used  for  roof  sheath- 
ing will  show  that  it  splits  less  under  shingle  nails  than  some  species 
of  wood  commonly  used  and  has  about  the  same  nail-holding  power. 
It  is  also  lighter  but  nevertheless  stiffer  for  its  weight.  Against  this 
must  be  balanced  its  actual  moderate  stiffness.  Its  low  decay  resist- 
ance may  also  become  a  disadvantage  in  case  leaks  develop  in  the  roof. 

CONCRETE  FORMS 

Wood  in  concrete  forms  is  subjected  to  very  severe  conditions. 
The  boards,  alternately  wet  and  dry,  must  support  heavy  loads  of  wet 
concrete,  and  resist  rough  handling  when  taken  down.  Wetting  on 
the  inside  and  drying  on  the  outside  furnish  exactly  the  right  condi- 
tion to  cause  boards  to  warp,  check,  or  split,  which  often  prevents 
some  of  the  boards  being  reused  for  forms.  Checking  and  splitting 
have  a  good  chance  to  develop  further  under  the  force  usually  ap- 
plied in  taking  down  the  forms.  A  discussion  of  tendency  to  split  in 
service  is  given  on  page  31,  and  a  comparison  of  the  splitting  resist- 
ance of  western  hemlock  and  other  species  of  wood  is  shown  in 
Figure  20. 

Western  hemlock  is  often  used  for  concrete  forms  because  of  the 
characteristic  small  size  and  tight  character  of  its  knots.  The  size 
and  character  of  the  knots  are  quite  often  given  more  consideration 
in  the  selection  of  concrete  form  material  than  the  strength  proper- 
ties. The  strength  in  bending  (fig.  11)  and  stiffness  (fig.  15)  of  ma- 
terial for  concrete  forms  should,  however,  be  considered.  The  rela- 
tive importance  of  the  defects  and  the  strength  and  stiffness  depend 
upon  the  type  and  character  of  the  forms. 

MISCELLANEOUS    FARM    USES 

For  use  in  the  construction  of  barns  and  other  farm  buildings, 
western  hemlock  boards  and  ship-lap  have  a  number  of  properties 
which  commend  them.  On  the  other  hand,  for  general  use  about  the 
farm  or  as  stock  material  for  all  types  of  repairs,  decay  resistance 
and  strength  become  desirable  and,  therefore,  the  more  decay-resist- 
ant and  stronger  species  of  wood  are  preferable. 

The  characteristics  of  western  hemlock  boards  that  are  important 
to  farm  use  are  the  good  painting  characteristics,  light  weight,  uni- 
lorm  texture,  and  moderate  softness,  which  make  the  boards  easy  to 
work  and  handle.  Good  painting  characteristics  are  desirable  in 
that  many  barns  and  outhouses  are  painted.  Moderate  softness 
and  uniform  texture  are  desired  because  the  farmer  must  do  his 
cutting  and  shaping  with  more  limited  and  often  poorer  tools  than 
the  carpenter  or  contractor  uses.    In  addition,  the  farmer  may  have 
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to  do  most  of  the  handling  alone,  which  makes  lightness  generally 
desirable.  The  characteristic  small  tight  knots,  the  slight  tendency 
to  warp  or  twist;  and  the  freedom  from  hard  summer-wood  bands 
which  deflect  nails  make  western  hemlock  common  boards  desiral^le 
for  farm  use  inasmuch  as  these  factors  insure  tight  buildings.  Un- 
painted  western  hemlock  boards  do  not  sliver  or  show  raised  grain 
as  much  as  species  of  wood  with  pronounced  alternate  bands  of 
hard  and  soft  wood. 

For  many  uses,  such  as  the  lower  floors  of  barns,  coops,  and  pens, 
and  for  wooden  walks,  the  decay-resisting  or  strength  properties, 
or  both,  make  western  hemlock  less  desirable  than  stronger  and  more 
decay-resistant  species  of  wood.  In  fact,  some  conditions  are  so 
favorable  to  decay  as  to  prohibit  the  use  of  western  hemlock  unless 
treated  with  a  preservative.  Untreated  western  hemlock  can  not, 
therefore,  be  used  for  all  miscellaneous  farm  uses,  but  can  be  used  to 
advantage  where  resistance  to  decay  is  not  essential. 

SHELVING 

Shelving  should  lie  flat  and  not  rock  on  its  supports.  It  should  n'>t 
sag  excessively  under  the  load  it  is  required  to  carry,  and  it  should 
hold  the  paint  film  well.  Western  hemlock  boards,  because  of  their 
straight  grain  and  moderate  shrinkage  (fig.  16),  may  be  expected 
to  lie  flat.  Their  stiffness  (fig.  15)  is  such  that  with  the  short  span 
commonly  used  sagging  will  not  be  objectionable.  They  take  and 
hold  paint  well.  Much  shelving  contains  knots;  however,  the  non- 
resinous  character  of  the  knots  in  western  hemlock  gives  it  a  dis- 
tinct advantage  over  woods  with  pitchy  knots  in  that  the  paint  over 
them  does  not  discolor  or  peel.  A  comparison  of  the  painting  char- 
acteristics of  western  hemlock  and  some  other  species  of  wood  used 
for  shelving  is  made  on  page  34. 

DIMENSION  STOCK 

Although  western  hemlock  dimension  stock  has  the  same  proper- 
ties as  western  hemlock  boards,  the  importance  of  the  properties 
differ  considerably  with  different  uses.  Thus,  stiffness,  breaking 
strength,  and  nail-holding  power  are  usually  more  important  in 
dimension  than  in  boards,  while  tightness  of  knots,  painting  or  glu- 
ing characteristics,  and  appearance  are  less  important. 

A  large  proportion  of  the  western  hemlock  cut  goes  into  dimen- 
sion stock.  The  thickness  of  most  of  it  is  2  inches  rough  green 
(dressed  to  1%  inches),  although  some  3  and  4  inch  rough  green 
(dressed  to  2%  and  3%  inches)  is  manufactured.  The  widths  vary 
from  nominal  4-inch  actual  3%-inch,  to  nominal  12-inch,  actual  III/2- 
inch.  While  more  2  by  4  inch  stock  is  cut  than  any  other  size,  10  and 
12  inch  widths  in  lengths  of  16  feet  and  longer,  in  multiples  of  2 
feet,  are  readily  available. 

Western  hemlock  dimension  is  low  in  weight  for  its  stiffness,  a 
desirable  characteristic  where  the  cost  of  shipping  or  handling  must 
be  considered.  It  combines  uniform  texture  and  moderate  softness, 
making  it  easy  to  shape,  saw,  or  nail.  It  has  good  nail-holding 
power  when  dry,  which  is  a  desirable  property  in  framing  mate- 
rial.   On  the  other  hand,  in  both  bending  and  compressive  strength, 
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western  hemlock  more  nearly  resembles  the  weaker  than  the  stronger 
of  the  softwood  species  that  are  used  extensively  in  dimension  grades 
and  sizes. 

JOISTS  AND   STUDDING 

Stiffness  is  desired  in  joists  and  studs  because  of  its  influence  upon 
the  rigidity  of  floors  and  walls.  A  comparison  of  the  stiffness  of 
western  hemlock  and  a  number  of  the  species  of  wood  commonly  used 
for  framing  is  made  in  Figure  15.  Stiffness  values,  for  use  in  com- 
puting the  average  deflection  of  stringers,  joists,  rafters,  and  other 
structural  parts,  are  shown  in  the  last  column  of  Table  1.  Actual 
rather  than  nominal  sizes  must  be  used  in  these  computations.  In 
structures  where  it  is  desired  to  prevent  sag,  which  takes  place  under 
continued  loads  of  about  10  years,  values  one-half  of  those  shown  in 
the  table  should  be  used  since  both  deflection  and  permanent  sag 
occur  under  long-continued  loads.  The  stiffness  values  in  the  table 
are  applicable  to  all  grades,  since  defects,  except  decay,  have  little 
if  any  injurious  effect  upon  stiffness.  Grades  that  permit  knots  and 
other  defects  and  exclude  decayed  material  may  be  used  where  stiff- 
ness is  the  controlling  factor,  since  material  of  such  grades,  even 
though  its  breaking  strength  is  materially  influenced  by  the  defects, 
still  has  sufficient  strength  to  carry  safely  the  loads  likely  to  be 
placed  upon  it.  Knotty  material,  because  of  the  cross  grain  around 
the  knots,  however,  has  a  somewhat  greater  tendency  to  warp  or 
twist  than  does  clear  material.  In  so  far  as  stiffness  is  concerned, 
therefore,  differences  in  grade  are  of  little  importance  in  the  selec- 
tion of  most  joists  and  studding,  provided  the  grades  are  equally 
well  manufactured  and  seasoned. 

Ease  of  working  and  lightness,  which  makes  handling  easier,  are 
the  properties  of  western  hemlock  joists  and  studs  that  appeal  to 
contractors  and  carpenters.  The  home  owner,  however,  is  only 
interested  in  the  influence  of  these  properties  on  his  labor  costs. 
In  the  choice  of  a  species  of  wood,  therefore,  he  should  balance  the 
greater  stiffness  of  the  heavier,  stiffer,  and  harder-to-work  species 
against  the  saving  in  labor  costs  possible  with  the  lighter  and  easier- 
to-work  western  hemlock. 

The  difference  in  the  nail-holding  properties  of  western  hemlock 
and  other  species  of  wood  commonly  used  for  joists  and  studding  is 
not  great  (fig.  18),  provided  the  material  is  properly  seasoned. 
Good  nail  holding  is  desired  in  joists  because  failure  of  nails  to  hold 
results  in  squeaky  floors.  Failure  of  nails  to  hold  in  studding  causes 
loose  sheathing  and  siding.  The  moisture  condition  of  the  wood  at 
the  time  of  nailing,  however,  is  more  likely  to  be  responsible  for 
squeaking  floors  and  openings  that  permit  the  passage  of  air  through 
walls  than  the  species  of  wood  used  in  the  joists  or  studding. 

In  house  construction,  bending  strength  and  resistance  to  decay 
are  of  secondary  importance  in  joists  and  studs.  The  sizes  required 
to  give  requisite  stiffness  in  grades  normally  used  have  sufficient 
strength  to  carry  much  heavier  loads  than  are  likely  to  come  on 
them.  Joists  in  houses,  therefore,  seldom  break.  In  the  common 
types  of  construction,  joists  and  studs  are  usually  dry,  well  venti- 
lated, and  protected  from  exposure  to  water.  Under  these  condi- 
tions decay  organisms  can  not  carry  on  their  destructive  work,  and 
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western  hemlock  will  therefore  last  as  long  as  the  more  decay-re- 
sistant species  of  wood. 

Occasionall}^,  however,  the  bending  strength  of  joists  displaces 
stiffness  as  the  most  important  factor,  as  in  warehouse  floors,  which 
carry  heavy  loads  and  have  no  plaster  under  them  to  crack.  For 
such  uses  dimension  stock  thicker  than  2  inches  is  quite  often 
employed,  and  the  suitability  of  western  hemlock  for  such  purposes 
should  be  judged  by  the  discussion  and  comparisons  that  are  made 
under  the  heading  "  Structural  Material."  Where  buildings  are 
subjected  to  high  humidity  or  damp  conditions,  such  as  in  some 
textile  mills,  or  where  the  framing  is  subject  to  alternate  wetting 
and  drying,  only  the  heartwood  of  decay-resistant  species  of  wood 
or  wood  that  has  received  a  good  preservative  treatment  should 
be  used. 

PLANKING 

Only  a  small  percentage  of  western  hemlock  dimension  stock 
goes  into  planking.  This  is  probably  due  to  the  general  impression 
that  a  wood  suitable  for  planking  should  be  hard  and  resistant  to 
decay.  Observation  of  planking  in  service,  however,  indicates  that 
some  soft  woods  withstand  heavy  mechanical  wear  as  well  as  or  bet- 
ter than  harder  woods.  Moreover,  resistance  to  decay  is  usually 
not  the  most  important  factor  under  conditions  of  heavy  wear, 
because  the  planking  fails  mechanically  before  it  is  seriously 
affected  by  decay.  IJnder  "  Factory  and  Platform  Flooring,"  a 
more  detailed  discussion  is  given  of  the  suitability  of  western  hem- 
lock planking  for  bridge  flooring,  loading  platforms,  and  other  uses 
where  it  is  subjected  to  hard  wear. 

RAFTERS  ^ 

The  requirements  for  rafters  are  very  similar  to  those  for  joists 
and  studs  except  that  bending  strength  is  more  important  and 
stiffness  less  important  in  case  of  the  rafters.  Rafters  generally 
have  no  plaster  under  them  so  that  they  can  safely  deflect  more 
than  joists.  On  the  other  hand,  they  are  usually  lower  in  height 
than  joists  and  must  carry  the  load  imposed  by  the  roofing  material, 
which,  in  some  materials,  such  as  slate,  may  be  considerable.  In 
addition,  they  should  also  be  able  to  carry  any  snow,  wind,  or  other 
loads  that  may  come  on  them. 

Good  nail-holding  power  is  desired  to  hold  roofing  boards  in 
place;  uniform  texture  and  softness  to  make  shaping  and  nailing 
easy ;  and  lightness  and  absence  of  warped  or  twisted  pieces  to  facili- 
tate handling  and  framing.  Although  western  hemlock  lacks 
the  bending  strength  and  stiffness  of  some  of  the  species  of  wood 
shown  in  Figures  11  and  15,  it  is  lighter  in  weight  for  its  strength, 
easier  to  cut  and  frame,  and  less  likely  to  deflect  nails  and  cause  them 
to  run  out  the  wood  at  the  sides  of  the  rafters  than  these 
stronger  and  stiffer  species  of  wood. 

Western  hemlock  ranks  well  with  other  species  of  wood  com- 
monly used  for  rafters.  Choice  of  a  wood  for  this  use  depends 
upon  the  type  of  construction  and  the  special  requirements  of  the 
individual  job — whether  emphasis  needs  to  be  put  on  maximum 
bending  strength,  stiffness,  or  ease  of  putting  into  place. 
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STRUCTURAL  TIMBERS 

Structural  timbers  go  into  a  rather  small  number  of  uses.  Engi- 
neers and  architects  are  the  consumers  principally  interested  in 
this  item,  although  some  users  often  desire  a  general  comparison  of 
the  strength  of  western  hemlock  beams,  stringers,  posts,  joists,  and 
planks  with  those  of  other  species  of , wood.  Such  a  comparison  can 
be  made  from  Table  1,  which  presents  the  recommended  safe  fiber 
stresses  (a  measure  of  the  safe  load-carrying  capacity)  for  western 
hemlock  and  other  species  of  wood  commonly  used  for  structural 
purposes.  The  safe  working  stresses  in  bending  for  western  hemlock 
beams,  stringers,  joists,  and  planks  are  about  seven-eighths  of  those 
recommended  for  the  best  of  the  softwoods  of  comparable  grades, 
and  about  the  same  or  higher  than  those  recommended  for  a  number 
of  the  softwoods  commonly  used  as  joists  or  plank,  or  occasionally 
used  as  stringers  or  as  large-sized  (6  by  6  inches  or  larger)  struc- 
tural timbers.  The  comparisons  of  fiber  stresses  (fig.  4)  are  for 
grades  which  meet  the  basic  provisions  of  the  American  lumber 
standards.  Consequently  they  can  not  be  applied  generally  to  all 
commercial  grades  even  of  the  same  name,  for  many  of  the  commer- 
cial grades  of  structural  material  have  not  yet  been  revised  to  meet 
such  provisions.  Although  Table  1  and  Figures  4,  5,  6,  7,  and  8 
can  be  used  for  a  comparison  of  western  hemlock  with  other  species 
of  wood  as  a  structural  material,  they  are  intended  principally  for 
use  in  design.  Since  the  determination  of  which  of  the  properties 
listed  on  the  foregoing  table  and  figures  should  control  the  design  in 
an  individual  case  is  a  highly  technical  problem,  its  solution  should 
usually  be  left  to  an  engineer  or  architect. 

Little  or  no  western  hemlock  at  present  goes  into  structural  tim- 
bers. This  is  because  western  hemlock  has  to  compete  with  Douglas 
fir,  a  stronger  and  more  decay  resistant  species  of  wood,  which  in 
the  same  size  and  grade  is  superior  for  structural  purposes.  In 
most  of  the  building  codes  of  the  United  States  a  single  stress  has 
been  assigned  to  hemlock  regardless  of  whether  it  is  of  the  eastern  or 
the  western  species,  and  these  stresses,  because  of  old  prejudices,  are 
too  low  for  either  of  the  hemlocks.  In  some  codes  they  are  only 
about  one-half  that  recommended  by  the  Forest  Products  Laboratory 
for  eastern  hemlock  conforming  to  the  basic  provisions  of  the  Amer- 
ican lumber  standards  common  grade  (Table  1.)  Such  stresses  have 
in  the  past  practically  barred  western  hemlock  from  the  structural 
field.  The  building  codes  of  many  cities,  however,  are  being  revised, 
and  in  these  revisions  stresses  are  usually  being  assigned  to  western 
hemlock  that  give  it  a  chance  to  enter  the  structural  field. 

The  fact  that  there  are  at  present  no  structural  grades  for  western 
hemlock  should  not  prevent  its  use  for  structural  purposes  since 
most  structural  material  is  cut  on  special  orders.  If  the  stresses 
recominended  in  this  bulletin  are  to  be  used,  special  orders  for  struc- 
tural timbers  of  western  hemlock  should  specify  that  the  stock  meet 
the  defect  limitations  of  the  American  lumber  standards  or  the 
Douglas  fir  structural-stringer  grade. 

INTERIOR  TRIM 

Finish,  casing,  base,  ceiling,  partition,  and  moulding  are  all  dis- 
cussed under  interior  trim,  because  of  the  similarity  of  the  require- 
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ments  for  these  items.  Assuming  the  wood  is  well  seasoned  ai\(l 
ready  for  use,  the  important  property  requirements  common  to  all  o  i 
these  items  are  freedom  from  warping,  marring,  and  tendency  to 
open  at  the  joints;  ease  of  working;  resistance  to  splitting  in  nail- 
ing ;  and  capacity  to  take  and  hold  paint. 

The  outstanding  characteristics  of  western  hemlock  in  interior 
trim  are  capacity  to  take  and  hold  paint,  especially  over  the  small 
knots,  which  are  the  only  kind  permitted  in  these  items,  and  the 
absence  of  any  gums  or  resins,  which  could  exude  in  service  and  spoil 
the  finish  or  otherwise  render  the  material  unsuitable  for  use.  Even 
texture,  good  painting  characteristics,  and  uniform  light  color  recom- 
mend western  hemlock  for  light  enamel  finishes.  For  natural  finishes, 
where  the  figure  and  grain  are  often  the  basis  for  selection,  the  choice 
between  western  hemlock  and  other  softwoods  is  a  matter  of  personal 
preference.  The  figure  in  western  hemlock  is  about  as  pronounced 
as  that  in  the  true  firs,  is  more  pronounced  than  in  the  white  pines, 
and  much  less  pronounced  than  in  western  larch,  Douglas  fir,  or 
southern  yellow  pine. 

EXTERIOR  TRIM 


Practically  all  exterior  trim  is  painted,  and  good  painting  charac- 
teristics are  therefore  an  important  requirement.  Warping  either 
jjefore  or  after  the  trim  is  put  in  place  is  objectionable  since  it  not 
only  detracts  from  the  appearance  but  also  affects  the  tightness 
of  the  structure.  Lightness  and  ease  of  cutting  and  sawing  are  de- 
sirable, inasmuch  as  they  facilitate  construction.  Most  exterior  trim 
is  used  where  conditions  are  unfavorable  for  the  growth  of  wood- 
destroying  fungi.  Decay  resistance  in  exterior  trim  is  therefore  of 
importance  only  in  a  few  specific  items.  Such  items  should  be 
pointed  out  by  the  architect  and  a  decay  resistant  species  specified. 

Western  hemlock  meets  the  requirements  for  exterior  trim  more 
like  the  softer  and  lighter  woods  than  like  the  heavier  and  harder 
ones  commonly  used  for  this  purpose. 

SIDING 

Siding  is  used  largely  for  exterior  covering  and  is  ordinarily  ex- 
posed to  the  weather.  Primarily  it  is  used  to  insulate  or  seal  build- 
ings against  the  weather,  and  secondarily  to  finish  or  improve  their 
appearance.  In  standard  construction,  siding  adds  little  to  the 
strength  or  stiffness,  and  seldom  fails  from  mechanical  wear  or 
decay.  The  use  requires  that  the  siding  lie  flat,  that  it  shall  not 
warp  or  bulge,  that  it  nail  without  splitting,  take  and  hold  paint 
well,  and  maintain  a  good  appearance.  In  addition,  it  should  be 
light  in  weight  and  cut  and  saw  easily.  The  relative  importance  of 
these  properties  varies  with  the  type  of  building,  and  the  order  of 
their  importance  is  not  known. 

Where  siding  comes  in  contact  with  the  ground  or  is  kept  wet 
or  damp  by  leaky  eaves,  or  where  the  type  of  construction  permits 
moisture  to  collect  in  the  joints,  the  more  decay  resistant  species 
of  wood  are  preferable  to  western  hemlock,  provided  they  contain 
little  or  no  sapwood. 
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Western  hemlock  is  manufactured  in  drop,  rustic,  bungalow  or 
colonial,  and  bevel  siding.  The  grades  for  drop  and  rustic  siding 
are  identical  with  those  for  Douglas  fir,  but  in  ooth  bungalow  and 
bevel  siding  western  hemlock  has  its  own  grades,  which,  although 
they  have  the  same  names  as  the  Douglas  fir  grades,  have  more  re- 
strictive defect  limitations.  In  addition  to  haying  stricter  grade 
specifications,  western  hemlock  generally  runs  higher  in  the  grade 
than  Douglas  fir. 

COLUMNS 

Resistance  to  decay,  while  not  often  an  important  factor  in  ex- 
terior finish,  is,  however,  quite  often  a  factor  in  columns.  Columns, 
even  of  the  most  durable  species,  will  seldom  last  the  life 'of  the 
building  if  the  construction  is  not  carefully  designed  to  prevent  the 
collection  of  moisture  around  the  bottoms.  Proper  design  or  preser- 
vative treatment  will  permit  the  use  of  western  hemlock  for  columns, 
but  the  designs  commonly  used  in  construction  are  such  that  a  more 
durable  species  is  preferable  providing  sapwood  is  eliminated. 

DOOR  AND   WINDOW   FBAMES 

Western  hemlock  is  used  for  door  and  window  frames  to  some 
extent  although  not  in  large  quantities.  Durability  is  not  usually  an 
important  factor  in  frames,  and  western  hemlock  can  be  used  with 
satisfaction.  On  the  other  hand,  under  conditions  favorable  to 
decay,  western  hemlock  should  not  be  used  without  preservative 
treatment. 

'  FLOORING 

Western  hemlock  has  a  combination  of  properties  which  make  it 
useable  in  many  types  of  flooring.  Its  light,  clear  color  and  good 
finishing  qualities  are  responsible  for  its  use  in  flooring  where  good 
appearance  under  moderate  wear  is  the  most  important  require- 
ment. It  withstands  heavy  service  of  either  abrasive  or  impact  type. 
On  the  other  hand,  it  mars  and  dents  more  easily  than  the  hard- 
woods and  softwoods  commonly  used  for  flooring,  and  is  not  suit- 
able for  use  where  decay  resistance  is  of  first  importance. 

A  considerable  portion  of  the  clear  western  hemlock  stock  is  manu- 
factured into  flooring  3,  4,  and  6  inches  in  width  and  1,  ly^,  and  IV2 
inches  in  thickness.  The  grades  are  identical  with  those  for  Douglas 
fir.  The  A  grade  comes  in  vertical  grain  only,  B  and  C  grades  in 
either  flat  or  vertical  grain,  and  D  in  only  mixed  flat  and  vertical 
grain.  A  few  mills  specialize  in  the  manufacture  of  narrow  (2%- 
inch  finished  face  width)  vertical-grained  end-matched  western  hem- 
lock flooring. 

BESIDENCE,  OFFICE,  AND  BALLROOM 

Residence,  office,  ballroom,  and  similar  floors  are  subject  to  dent- 
ing or  marring  under  rolling  loads  imposed  by  bookcases,  pianos, 
or  other  articles  of  furniture  or  equipment,  and  to  slight  abrasive 
wear  from  shoes  comparatively  free  from  cutting  grit.  They  are 
also  likely  to  cup  or  open  at  the  joints  after  being  laid  as  a  result 
of  shrinkage  with  chanties  in  moisture  content.  Such  floors  are 
usually  protected  from  abrasive  wear  by  varnish,  shellac,  or  similar 
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coatings.  The  bending  strength  and  decay  resistance  of  the  flooring 
are  of  importance  only  in  exceptional  cases,  for  with  standard  con- 
struction the  floor  has  a  margin  of  safety  so  high  that  rupture  sel- 
dom or  never  occurs,  and  the  conditions  are  normally  unfavorable 
for  fungous  action. 

Hardwoods  are  more  generally  used  for  such  floors  than  western 
hemlock  and  other  softwoods  because  of  their  greater  hardness, 
because  of  their  appearance,  and  because  they  will  wear  less  where 
the  finish  is  not  maintained.  Western  hemlock  is  somewhat  easier 
to  lay  than  the  woods  commonly  used  for  flooring,  since  it  is  less 
subject  to  w^arping,  easier  to  cut  and  nail,  and  less  likely  to  split  in 
nailing.  Experience  with  western  hemlock  as  a  high-grade  finish 
floor,  however,  has  been  confined  largely  to  its  use  as  an  alternate 
for  hardwoods  in  bedrooms  on  the  Pacific  coast  and  for  gymnasium 
and  armory  drill  floors. 

PUBMC  BUILDINGS 

Floors  in  which  the  wood  is  practically  unprotected  and  also  sub- 
jected to  heavy  abrasive  wear  from  shoes  aided  by  sand,  grit,  and 
other  cutting  materials  are  found  in  stores,  schoolhouses,  auditoriums, 
and  other  public  buildings.  The  properties  desired  for  such  floors 
are  hardness,  freedom  from  a  tendency  to  sliver,  and  small  tendency 
toward  cupping.  Resistance  to  decay  is  also  occasionally  desirable, 
but  nondurable  wood  can  be  used  satisfactorily  if  provision  is  made 
to  protect  the  floor  in  the  vicinity  of  drinking  fountains,  taps,  and 
other  sources  of  excessive  moisture.  Appearance  is  usually  given 
little  consideration  because  it  is  impractical  to  maintain  polished  or 
highly  finished  surfaces  on  this  type  of  floor. 

Generally  in  floors  of  this  type  the  hardwoods  will  give  better  serv- 
ice than  western  hemlock.  Western  hemlock,  however,  is  softer, 
easier  to  cut,  and  less  likely  to  split  in  nailins:  and  therefore  easier 
to  lay.  A  comparison  of  the  hardness,  texture,  and  ability  to  stay 
in  place  of  western  hemlock  and  the  softwoods  commonly  used  for 
flooring  is  made  in  the  tables,  figures,  and  text  under  "  Mechanical 
and  Physical  Properties." 

PORCH 

Porch  flooring  is  representative  of  a  type  that  is  subjected  to 
moderate  wear  and  to  conditions  more  or  less  subject  to  decaj^  Good 
painting  characteristics  are  desirable,  because  practically  all  such 
flooring  is  painted.  The  wearing  surface  is  wet  from  time  to  time 
either  from  scrubbing  or  from  rain,  a  condition  likely  to  cause 
cupping. 

Western  hemlock  has  a  more  uniform  texture,  less  tendency  to 
cup,  and  takes  and  holds  paint  better  when  it  is  applied  by  present 
standard  methods  than  many  of  the  species  now  used.  Western 
hemlock,  therefore,  compares  favorably  with  them  for  floors  where 
wetting  is  infrequent  and  drying  is  rapid.  Highly  decay  resistant 
species  of  wood  or  species  that  have  received  a  preservative  treat- 
ment are  necessary  where  wetting  is  sufficiently  thorough  and  fre- 
quent to  be  conducive  to  decay  action, 
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PLATE  9 


Results  of  heavy  service  Tests  on  Planking  of  Western  Hemlock 
AND  Other  Species  of  Wood 

A.— "Toothpick"  splintering  common  in  hard  softwoods. 

B.— Matted  fibers  in  western  hemlock. 

C. — Scaly  type  of  failure  common  in  very  soft  softwoods. 
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Plate  10 


Results  of  Heavy  Service  Tests  on  Western   Hemlock  Planking 


Service  conditions  reproduced  with  cleated  machinery  wheels.  Impact  came  immediately  adjacent 
to  the  inner  edges  of  the  two  outside  planks.  The  center  plank  received  rolling  loads  only. 
The  2-inch  planks  are  cut  about  one-half  through  at  impact  points.  Center  plank  is  only  marred 
and  crushed  on  surface.    Fibers  are  matted  rather  than  scaled  or  splintered. 
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PLATE    11 
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FACTORY  AND  PLATFOBM 


In  factory  and  warehouse  floors  and  in  planking  used  for  bridge 
flooring,  loading  platforms,  and  railroad  crossings,  the  wood  is  sub- 
jected to  cutting  and  gouging  from  the  caulked  f^iioes  of  horses,  to 
shocks  from  dropped  boxes  and  castings  to  impact  from  heavy 
autotrucks  or  other  moving  loads,  and  to  abrasion  from  wheels  roll- 
ing over  sand,  grit,  or  filings.  In  this  type  of  flooring,  the  me- 
chanical wear  is  generally  so  rapid  that  it  is  the  principal  cause  of 
replacements  even  where  conditions  are  favorable  for  decay.  For 
example,  untreated  railroad-crossing  planking,  pr^xtically  sound,  is 
often  removed  after  one  or  two  years  because  of  mechanical  failure. 
Resistance  to  decay,  therefore,  may  or  may  not  l)e  important,  depend- 
ing upon  the  severity  of  wear.  Wood  for  flooring  subjected  to  heavy 
service  should  be  sufficiently  hard  to  withstand  the  crushing  action 
of  wheels,  should  wear  evenly  under  abrasion,  and  should  not  splinter 
excessively — that  is,  it  should  not  open  up  between,  annual  rings  or 
peel  in  large  pieces  or  slivers.  Such  slivers  are  not  only  objection- 
able because  they  represent  a  loss  of  wearing  surface,  but  they  are 
dangerous  to  foot  traffic  and  leave  holes  or  rough  spot  around  which 
wear  is  increased  from  the  bumping  and  jarring  of  moving  loads. 

Western  hemlock  is  fairly  uniform  in  texture.  The  spring  wood 
and  summer  wood  merge  without  decided  contrast,  as  shown  in  Plate 
?f,  A.  The  result  is  an  even-wearing  surface  which  develops  no  high 
ridges  of  summer  wood.  Western  hemlock  under  heavy  wear  is  re- 
ported to  mat  rather  than  to  splinter  or  scale.  The  "toothpick"  type 
of  splintering  (pi.  9,  A),  is  representative  of  the  hard  softwoods: 
the  sealy  type  of  splintering  (pi.  9,  C),  of  the  soft  softwoods;  and 
the  intermediate  type  (pi.  9,  B),  of  western  hemlock.  The  specimens 
shown  in  Plate  9  were  cut  from  panels  that  had  been  subjected  to 
the  impact  and  rolling  action  of  a  set  of  heavy,  cleated  machinery 
wheels.  The  full  western  hemlock  panel  used  in  this  test  is  shown 
in  Plate  10.  The  impact  wear  adjoined  the  inner  edge  of  the  two 
outside  planks.  Here  the  planks  are  gouged  about  half  way  through 
the  thickness,  while  the  center  plank,  which  was  subjected  to  rolling 
action,  is  practically  intact  except  for  marring  or  crushing.  The 
severity  of  wear  under  impact  indicates  the  necessity  of  maintaining 
a  smooth  surface  in  view  of  the  fact  that  large  slivers,  badly  worn 
spots,  and  large  knots  increase  impact  wear  by  increasing  the  bump- 
ing and  jolting  action. 

Heavy  flooring  of  western  hemlock  will  withstand  the  crushing 
action  of  smooth  rolling  loads  better  than  softer  species  of  wood,  but 
not  so  well  as  the  harder  species.  Individual  western  hemlock  planks 
wear  more  evenly  and  smoothly  than  planks  with  pronounced  alter- 
nate bands  of  hard  and  soft  wood,  and  thereby  reduce  the  injurious 
elfect  of  impact  loads.  Where  wear  is  light  such  os  that  from  light 
rolling  rather  than  heavy  impact  loads,  and  where  conditions  are 
favorable  for  decay,  the  heartwood  of  decay-resistant  species  of  wood 
should  be  used  in  preference  to  untreated  western  hemlock.  Pacific 
coast  manufacturers  of  lumber  have  long  used  western  hemlock  and 
» other  local  species  of  wood  for  floors  of  buildings  in  lumber  camps, 
for  wharf  planking,  and  in  other  places  about  lumber  yards  and  mills 
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where  the  traffic  is  heavy.  In  such  floors  western  liemlock  has  worn 
evenly  and  fuzzed  rather  than  splintered.  However,  comparatively 
little  western  hemlock  has  been  used  for  heavy-service  flooring  and 
planking  in  spite  of  the  fact  that  the  available  information  indicates 
that  it  is  suitable  for  such  purposes. 

INDUSTRIAL  USES 

Western  hemlock  has  been  and  is  employed  for  hundreds  of  specific 
industrial  uses.  It  is  impracticable  to  discuss  all  of  the  specific 
uses  not  only  because  of  the  large  number  involved,  many  of  which 
L'onsume  only  a  relatively  small  amount  of  material,  but  because  the 
e&sential  requirements  of  many  of  the  uses  are  not  known.  The  uses 
selected  for  discussion  are  those  that  consume  the  largest  quantities 
of  western  hemlock,  those  that  are  important  because  their  require- 
ments are  such  that  western  hemlock  may  eventually  furnish  a  sub- 
stantial part  of  their  requirements,  or  those  that  appear  to  offer 
a  special  market  for  western  hemlock.  The  discussion  consists  of  a 
correlation  of  the  requirements  of  use  with  the  properties  of  western 
hemlock.  Even  in  specific  uses  the  relative  importance  of  the  prop- 
erties is  not  fully  known,  and,  as  in  the  previous  discussion  of  use 
items,  the  requirements  of  use  as  presented  are  the  result  of  observa- 
tion and  experience  rather  than  of  scientific  laboratory  or  service 
tests. 

SHIPPING  CONTAINERS 

More  lumber  goes  into  shipping  containers  than  into  any  other 
jingle  industrial  use.  About  IQi^  per  cent  of  the  total  lumber  cut 
and  9y2  per  cent  of  the  total  softwood  cut  in  1925  went  into  boxes 
and  crates.  Two  hundred  and  ninety-six  million  board  feet,  or  about 
one-fourth  of  all  the  western  hemlock  cut  in  1926,  went  into  boxes 
and  crates,  furnishing  about  8i/^  jDer  cent  of  all  the  softwood  lumber 
used  for  this  purpose.  The  species  is  used  for  all  but  a  few  spe- 
cialized types  of  containers. 

The  properties  desired  in  general  for  containers  are  lightness  com- 
bined with  comparatively  high  shock  resistance,  low  tendency  to 
split  in  nailing,  high  splitting  resistance,  high  nail-holding  capacity, 
light  color  in  order  to  take  and  show  any  markings  well,  and,  for 
some  types,  absence  of  odor  and  taste.  In  addition,  a  species  of 
wood  to  be  extensively  used  for  containers  must  be  available  in  large 
quantities  and  in  grades  that  are  comparatively  low  in  price. 

Western  hemlock  stands  third  in  availability  as  to  stand  and  fifth 
as  to  cut,  it  is  light  colored,  imparts  no  odor  or  taste  to  the  contents, 
and  has  a  high  shock  resistance  for  its  weight.  (Table  2.)  Its  nail- 
holding  capacity  and  splitting  resistance,  as  compared  with  other 
species  of  wood,  are  shown  in  Figures  18  and  20,  respectively.  Its 
hardness  (fig.  13),  combined  with  its  splitting  resistance  (fig.  20), 
indicates  its  tendency  to  split  in  nailing.  Of  the  two  properties  hard- 
ness is  the  more  important. 

A  series  of  tests  in  a  box-testing  machine  (17)  was  recently  made 
on  standard  canned-food  boxes  of  a  number  of  species  of  wood,  in- 
cluding western  hemlock,  at  the  Forest  Products  Laboratory.  One 
series  of  boxes  was  nailed  and  tested  while  in  the  green  condition,  one 
series  was  nailed  while  the  wood  was  in  the  green  condition  and 
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tested  after  drying  in  storage,  and  another  was  nailed  while  in  an 
air-dry  condition  and  tested  immediately.  Plate  11,  A,  shows  some 
of  the  western  hemlock  boxes  before  test  and  illustrates  the  type  of 
box  used  in  the  test.  The  results  of  the  test  indicate  that  the  nailing 
is  more  important  than  the  species  of  wood  used.  Boxes  made  of 
western  yellow  pine,  a  species  lower  than  western  hemlock  in  most 
strength  properties,  withstood  as  much  rough  handling  as  those  of 
western  hemlock.  This  is  accounted  for  by  the  fact  that  western  hem- 
lock splits  more.  Plate  11,  B,  shows  the  splitting,  which  is  due 
largely  to  the  racking  the  boxes  received  in  testing,  that  developed 
in  the  edges  of  the  western  hemlock  box  ends  during  test.  Seven 
of  the  ten  boxes  illustrated  show  failure  from  splitting.  Boxes  a 
to  e  were  nailed  with  six-penny  nails,  while  boxes  /  to  ;  were  nailed 
with  five-penny  nails.  Boxes  nailed  with  six-penny  nails  gave  the 
best  results. 

The  tests  demonstrated  that  although  boxes  of  any  species  of 
wood  nailed  while  in  a  wet  or  green  condition  lose  strength  in  drying, 
the  loss  in  strength  of  western  hemlock  boxes  is  especially  high. 
Boxes  made  of  green  western  hemlock  and  tested  after  drying  in 
storage  withstood  only  about  one-twentieth  of  the  rough  hanoling 
withstood  by  air-dried  hemlock  boxes,  and  the  loss  in  strength  was 
more  pronounced  in  the  boxes  of  hemlock  than  in  any  of  the  other 
species  of  wood  tested.  The  present  practice  of  drying  all  western 
hemlock  box  lumber  is,  therefore,  a  good  one,  and  is  largely  re- 
sponsible for  the  success  that  western  hemlock  has  had  as  a  box 
lumber. 

FOOD   CONTAINEBS 

Highly  resinous  woods  can  not  compete  with  western  hemlock  and 
other  nonresinous  softwoods  for  use  as  containers  for  food  products, 
which  may  be  injured  by  an  odor  or  flavor  imparted  by  the  wood  of 
the  container. 

In  addition  to  the  reported  experience  of  a  number  of  users  that 
western  hemlock  in  no  way  injured  their  product,  tests  made  by  the 
Bureau  of  Animal  Industry  ^^  indicate  that  "  western  hemlock  may 
be  used  for  butter  containers  without  imparting  sufficient  woody 
flavor  to  the  butter  to  be  commercially  objectionable."  The  large 
quantities  of  western  hemlock  readily  available  and  the  growing  de- 
mand for  other  purposes  for  the  species  now  widely  used  as  food 
containers  will  tend  to  bring  about  the  increasing  use  of  western 
hemlock  for  this  purpose. 

COOPERAGE 

Containers  classed  as  cooperage  are  kegs,  kits,  tierces,  barrels,  tubs, 
pails,  and  buckets.  Some  of  the  properties  desired  for  such  articles 
are  those  common  to  practically  all  containers.  Nailing  and  split- 
ting characteristics,  however,  are  much  less  important  in  cooperage, 
and  ability  to  stay  in  place  more  important.  In  addition,  tight 
cooperage  must  be  easily  bent  to  shape  and  must  hold  liquids. 

The  desirable  properties  of  western  hemlock  for  cooperage  are  its 
slight  tendency  to  impart  odor,  taste,  or  color  once  it  has  been  dried, 
the  ease  with  which  it  can  be  worked,  its  ability  to  stay  in  place,  and 

^*  United  Status  Dkpabtmknt  of  A«bicdlturii.  Bureau  of  Animal  Industez.     Op.  dt. 
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its  moderate  shrinkage.  No  information  is  available  upon  the  ease 
with  which  it  can  be  bent  for  cooperage.  It  is  used  largely  for  small 
pails  and  tubs  and  nonliquid  containers. 

FREIGHT-CAR  CONSTRUCTION 

Under  this  heading  are  a  number  of  items,  such  as  siding,  roofing, 
running  boards,  framing,  and  decking.  The  general  requirements  for 
roofing  and  running  boards  are  much  the  same  as  those  described 
under  siding.  The  requirements  for  framing  are  similar  to  those 
described  for  joists  and  studs,  and  those  for  decking  are  sinular  to 
those  described  under  factory  and  platform  flooring.  Car  material, 
however,  is  subject  to  severer  conditions  than  construction  material, 
and  the  relative  importance  of  some  of  the  properties  change.  A  car 
may  pass  in  a  short  time  from  the  Northwestern  States,  where  the 
relative  humidity  is  high  and  the  temperature  moderate,  tending  to 
bring  the  wood  to  about  20  per  cent  moisture  content,  to  the  South- 
western States,  where  the  temperature  is  high  and  the  relative  humid- 
ity very  low,  tending  to  bring  wood  to  a  moisture  content  of  about 
6  per  cent.  Buckling  and  shrinkage  of  car  material  are  common 
results  from  these  varying  moisture  conditions.  Shrinkage  and 
ability  to  stay  in  place,  therefore,  are  important  requirements  in 
car  material. 

Kesistance  to  decay  is  also  more  important  in  car  material  than 
in  house  construction.  Freight-car  manufacturers,  when  interviewed 
in  the  course  of  a  general  survey,  have  stated  that  the  failure  of 
wood  in  freight  cars  is  quite  generally  caused  by  decay.  The  heart- 
wood  of  almost  all  the  softwood  species  commonly  used  for  car 
material  is  more  resistant  to  decay  than  is  that  of  western  hemlock. 
On  the  other  hand,  western  hemlock  holds  paint  better,  stays  in  place 
as  well  as,  and  nails  with  less  splitting  than  Douglas  fir  and  southern 
pine,  which  in  1925  constituted  97  per  cent  of  the  softwoods  used  for 
this  purpose.  These  two  species  of  wood,  however,  have  higher 
strength  values  than  western  hemlock  and  will  withstand  more  rough 
usage. 

The  production  of  car  siding  from  western  hemlock  is  increasing. 
A  large  number  of  mills  produce  this  item,  and  a  few  convert  their 
entire  cut  of  select  hemlock  into  it.  The  demand  for  western  hem- 
lock for  car  siding  is  due  to  several  factors,  including  its  good  paint- 
ing characteristics,  absence  of  grain  rising  and  resin,  its  lightness, 
and  the  fact  that  decay  resistance  is  not  so  important  in  siding  as 
in  other  car  material. 

Running  boards,  since  good  footing  is  very  desirable,  require  a 
wood  that  wears  evenly  under  abrasion,  does  not  develop  loose  splin- 
ters, and  has  a  small  tendency  to  warp  under  exposure  to  weather. 
Decay  resistance  is  also  desirable  since  the  boards  are  exposed  to 
alternate  wetting  and  drying.  A  comparison  in  texture,  hardness, 
ability  to  stay  in  place,  and  resistance  to  decay  of  western  hemlock 
and  other  species  of  wood  will  furnish  a  good  basis  upon  which  to 
judge  its  suitability  for  running  boards. 

While  western  hemlock  is  extensively  used  for  framing  in  build- 
ings, very  little  if  any  is  used  for  car  framing.  Species  of  wood 
with  higher  strength  properties,  especially  in  shock  resistance,  bend- 
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ing,  and  compressive  strength  (figs.  11,  12,  and  14),  are  generally 
chosen.  Western  hemlock  to  be  a  successful  alternate  for  stronger 
species  should  be  of  a  higher  strength  grade  or  of  larger  size. 

Car  decking  at  intervals  is  subjected  to  heavy  Avear,  is  not  pro- 
tected with  any  finish,  and  in  some  cases,  as  in  stock  cars,  is  subject 
to  conditions  very  favorable  for  decay.  For  such  a  use,  uniform 
wear  is  desirable  and  slivering  is  objectionable,  but  marring  or  dent- 
ing is  not  objectionable.  Only  a  small  quantity  of  western  hemlock 
is  used  for  car  decking,  the  principal  softwoods  used  being  Douglas 
fir  and  southern  pine.  Western  hemlock  splinters  less  and  should 
wear  more  uniformly  than  these  species,  but  it  is  softer  and  has  lower 
strength  properties.  Plate  10  shows  the  characteristic  wearing  fail- 
ures of  western  hemlock  and  those  of  harder  and  softer  woods. 
Western  hemlock,  however,  should  not  be  used  for  decking  in  stock 
cars  without  preservative  treatment. 

LADDERS 

Ladders  consume  only  a  small  part  of  the  total  lumber  cut,  a 
fraction  of  1  per  cent,  but  this  use  is  discussed  because  western 
hemlock  is  at  present  entering  the  ladder  market  as  an  alternate  for 
species  of  wood  long  used  for  this  purpose.  The  consumer  tradition- 
ally prefers  a  light-colored  ladder  wood;  for  this  reajson  color 
influences  the  choice  of  species  of  wood  for  ladders  as  much  as  if  not 
more  than  such  properties  as  weight  (fig.  9),  shock  resistance 
(fig.  14),  strength  in  bending  and  compression  endwise  (figs.  11 
and  12),  straightness  of  grain,  and  absence  of  tendency  to  sliver. 
Comparison  of  these  properties  of  western  hemlock  with  those  of 
species  of  wood  commonly  used  for  ladders  may  be  made  from 
figures  of  the  text  under  "  Mechanical  and  Physical  Properties." 
Such  a  comparison  of  western  hemlock  with  the  principal  species 
of  wood  used  for  ladders  shows  that  it  is  somewhat  heavier,  slightly 
lower  in  shock  resistance,  and  slightly  higher  in  bending  and  endwise 
compressive  strength  than  these  species. 

Ladder  manufacturers  report  difficulty  in  obtaining  species  of 
wood  long  used  for  ladders  as  a  result  of  the  demand  for  similar 
stock  in  other  uses.  On  the  other  hand,  western  hemlock,  which 
will  meet  the  ladder-stock  specifications,  is  still  relatively  easy  to 
obtain. 

FURNITURE 

The  value  of  western  hemlock  as  a  furniture  wood  is  due  to  its 
freedom  from  resin,  ease  of  working,  combination  of  weight  and 
strength,  ability  to  stay  in  place,  and  painting  and  gluing  char- 
acteristics rather  than  to  its  beauty  or  ability  to  take  highly  polished 
finishes.  It  is,  therefore,  used  principally  in  furniture  where  service 
is  more  important  than  appearance. 

Kitchen,  drop-leaf,  breakfast,  and  Windsor  tables,  desks,  wash- 
stands,  and  cots  are  the  principal  articles  of  furniture  in  which 
western  hemlock  is  used  throughout.  The  use  of  western  hemlock 
for  such  articles,  however,  has  been  retarded  by  the  marketing  of 
insufficiently  or  improperly  dried  lumber.  Some  manufacturers  also 
object  to  the  "  dark  streak  "  of  western  hemlock,  but  the  dark  streak  is 
not  a  serious  or  particularly  undesirable  defect  in  painted  articles. 
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Western  hemlock  is  used  in  high-<^racle  furniture  principally  foi 
the  backs  of  dressers  and  bureaus,  bottoms  of  drawers,  frames  of 
kitchen  cabinets,  overstuffed  chairs,  and  davenports,  and  interior 
framing  of  refrigerators. 

CORE   STOCK   FOR   VENEER   PANELS 

It  is  estimated  that  350,000,000  board  feet  of  lumber  is  used  an- 
nually for  core  stock.  Consumption  of  wood  for  this  purpose  has 
been  increasing  rapidly  and  will  probably  continue  to  increase  because 
of  the  demand  for  veneered  furniture  and  other  products.  Only  a 
very  small  amount  of  western  hemlock  is  used  for  cores.  Chestnut 
has  been  one  of  the  principal  core  woods,  but  on  account  of  the  de- 
struction caused  by  the  chestnut  blight  this  wood  will  not  be  available 
in  the  desired  quantities  indefinitely.  Veneer-panel  manufacturers 
have  for  some  time,  therefore,  been  looking  for  suitable  alternate 
woods  which  have  the  desired  properties  and  which  are  available  in 
large  quantities.  Ability  to  stay  in  place,  small  and  uniform 
shrinkage,  uniform  texture,  ease  of  gluing,  ease  of  working,  and 
lightness  are  the  more  important  of  the  properties  desired. 

In  gluing  properties  western  hemlock  compares  favorably  with 
most  of  the  woods  now  used  for  core  stock.  In  ability  to  stay  in 
place,  workability,  and  lightness  it  occupies  an  intermediate  position 
as  compared  to  the  species  of  wood  now  commonly  used  for  cores, 
and  is  available  in  larger  quanties  than  anj  of  the  principal  core 
woods. 

Grain  rising  with  the  resulting  irregularities  and  grain  markings 
showing  through  thin  face  veneers  are  the  principal  objections  to 
softwood  species  with  pronounced  bands  of  hard  and  soft  wood.  In 
this  respect  western  hemlock  should  not  prove  objectionable.  Edge- 
grained  material  will,  of  course,  give  better  results  than  flat-grained, 
both  because  the  marldngs  are  not  so  pronounced  and  the  shrinkage 
in  width  is  roughly  only  about  about  one-half  as  large. 

Experience  indicates  that  western  hemlock  is  a  suitable  wood  for 
cores,  and  should  be  considered  when  the  selection  of  a  new  species 
of  wood  is  desirable.  In  edge-grained  form  it  is  used  by  some 
manufacturers  for  cores  in  high-grade  veneer  panels  for  desk  tops; 
these  panels,  like  other  high-grade  ones,  are  cross-banded. 

VENEER 

The  properties  of  importance  in  veneer  are  ease  of  gluing,  ability 
to  take  finish,  ability  to  stay  in  place,  ease  of  working,  and  for  some 
uses  shock  resistance  or  toughness.  In  addition,  the  size  of  the 
trees  and  the  percentage  of  clear  material  obtainable  from  them  are 
of  importance  in  determining  the  suitability  of  a  species  of  Avood  for 
the  manufacture  of  veneer,  since  these  factors  determine  the  per- 
centage of  waste  and  the  quality  of  the  veneer  obtainable.  This  is 
especially  true  with  the  rotary  process  of  cutting  veneer,  which  is 
commonly  used  in  the  Northwestern  States.  Western  hemlock  has 
a  favorable  combination  of  the  properties  desired  in  the  manufacture 
of  veneer.  Western  hemlock  logs,  however,  are  on  on  average  smaller 
and  produce  a  smaller  percentage  of  high-quality  veneer  than  the 
species  associated  with  it  in  the  forest,  and  as  a  result  the  species 
is  not  extensively  used. 
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Western  hemlock  veneer  finds  its  principal  use  in  the  production  of 
fruit  and  vegetable  containei's.  A  comparison  in  toughness  of 
western  hemlock  and  other  species  of  wood  (fig.  14)  indicates  the 
relative  breakage  to  be  expected  when  thin  veneer  must  be  bent  or 
crimped  in  the  manufacture  of  containers.  The  tougher  the  species 
the  less  the  breakage.  Toughness  is  also  desired  in  the  thick  veneers, 
such  as  are  used  for  slats,  sides,  and  tops  of  crates  and  boxes. 

POLES 

The  most  important  properties  for  poles  are  resistance  to  decay, 
strength  in  bending,  and  lightness.  In  the  selection  of  softwood 
species  for  poles,  the  combination  of  lightness  and  resistance  to 
decay  has  in  the  past  been  considered  to  the  exclusion  of  practically 
all  other  properties.  In  the  last  few  years,  however,  owing  to 
improvements  in  preservative  treatments,  species  of  wood  of  high 
strength  but  of  low  decay  resistance  have  entered  the  pole  market  in 
considerable  quantities. 

Western  hemlock  is  practically  unknown  in  the  pole  field,  having 
never  been  used  for  this  purpose  except  in  short,  more  or  less  tempo- 
rary, lines  erected  close  to  where  western  hemlock  grows.  The  prin- 
cipal reason  why  western  hemlock  is  not  used  is  the  availability  in  the 
same  markets  of  more  decay-resistant  and  lighter  though  weaker 
species  of  wood.  Even  the  trend  toward  the  use  of  treated  poles  does 
not  promise  to  open  a  large  market  for  western  hemlock,  (S5). 
because  it  will  also  open  the  market  to  a  number  of  other  species  oi 
wood  of  which  there  are  large,  available  pole  stands. 

PILING 

Decay  and  marine  borers  are  the  most  common  causes  of  failure 
in  piling.  Resistance  to  decay  and  resistance  to  marine  borers  are, 
therefore,  important  properties.  In  addition  to  being  decay  re- 
sistant, piling  must  have  sufficient  strength  to  stand  driving  and  must 
not  "  broom  ''  under  the  hammer.  Western  hemlock,  not  bein^  resist- 
ant to  the  attack  of  marine  borers  or  fungi,  is  unsuited  for  piling  un- 
less given  a  preservative  treatment  or  unless  used  where  conditions 
are  unfavorable  to  fungous  or  prohibitive  to  borer  attack,  as  in  wood 
completely  submerged  in  fresh  water.  The  bark  of  western  hemlock 
appears  to  be  resistant  to  the  attack  of  marine  borers  (teredoes) 
and  wood  lice  (limnoria)  (5).  Even  though  the  western-hemlock 
bark  appears  resistant  to  the  attack  of  marine  borers,  the  use  of  un- 
treated hemlock  can  not  be  recommended  because  of  the  practical 
certainty  of  pieces  of  bark  being  broken  off  at  knots  or  in  handling 
or  driving,  thus  exposing  the  wood. 

Western  hemlock  is  used  for  piling  in  Alaska,  but,  except  in 
that  locality,  very  little  of  the  species  goes  into  this  use.  The  growth 
characteristics  of  the  species  are  such  that  a  large  amount  of  long, 
straight,  high-grade  piling  can  be  obtained  from  it,  and  with  the 
increased  use  of  preservatives  more  hemlock  piling  may  be  used. 

PULP  AND  PAPER 

Three  genera  of  wood — the  spruces,  firs,  and  hemlocks — supply 
about  three-fourths  of  the  wood  consumed  in  the  United  States  for 
the  manufacture  of  pulp  and  paper  (SiS), 
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Western  hemlock  pulp  produced  by  the  sulphite  process  is  of 
a  quality  suitable  for  use,  unbleached,  in  newsprint  paper.  It  can 
be  bleached  for  use  in  higher  grade  products,  such  as  bond,  writing, 
and  ledger  papers.  As  compared  with  the  spruces,  western-hemlock 
sulphite  pulp  hydrates  more  readily,  is  darker  in  color,  and  is 
bleached  with  more  difficulty.  In  sulphate  or  kraft  pulps,  where 
strength  is  desirable  but  the  color  of  the  product  is  relatively  un- 
important, western  hemlock  is  practically  as  good  as  the  spruces 
or  the  firs  which  are  commonly  used  for  this  purpose.  Krnft  pulps 
are  used  in  wrapping  papers,  container  boards,  and  similar  products, 
and  are  seldom  bleacned. 

Ground-wood  pulp  is  produced  by  grinding  wood  on  a  grind- 
stone. It  makes  a  paper  that  is  inferior  in  strength  and  durability 
to  that  obtained  from  the  chemical  pulps,  and  consequently  is  used 
in  admixture  with  chemical  pulps,  usually  sulphite,  in  the  manu- 
facture of  papers  where  permanency  is  not  required,  such  as  news- 
print, cheap  catalogue,  and  magazine  papers.  Ground  wood  re- 
quires the  use  of  a  large  amount  of  power,  but  the  pulp  yield  is  high, 
being  90  per  cent  or  more  of  the  original  weight  of  the  wood.  West- 
ern hemlock,  because  of  its  hardness,  requires  a  larger  amount  of 
Eower  in  grinding  than  the  firs  or  the  spruces.  In  addition,  western 
emlock  produces  a  darker-colored  pulp.  Consequently,  the  firs 
and  spruces  are  preferred  to  western  hemlock  for  grinding  purposes. 
On  the  basis  of  the  amount  of  wood  consumed,  western  hemlock  is 
the  leading  pulp  wood  of  the  Western  States  {12^  IJi).  The  greatest 
demand  is  for  newsprint  paper,  and  76  per  cent  of  this  item  manu- 
factured on  the  Pacific  coast  is  made  from  w^estern  hemlock.  West- 
ern hemlock  is  practically  tii«  only  wood  used  on  the  Pacific  coast 
for  the  manufacture  of  sulphite  pulp. 

RAILWAY  CROSSTIES 

A  combination  of  such  properties  as  hardness  (fig.  12),  shock- 
resisting  ability  (fig.  14),  and  capacity  to  take  preservatives  largely 
determines  the  choice  of  a  species  for  crossties.  However,  resistance 
to  the  withdrawal  of  spikes,  and  resistance  to  splitting,  checking,  and 
twisting  are  also  important  factors.  Decay  resistance  is  only  impor- 
tant when  crossties  are  used  untreated.  About  three-fourths  of  the 
ties  purchased  in  1927  were  treated  with  preservatives.  The  propor- 
tion of  treated  ties  is  increasing,  tending  to  lessen  the  importance  of 
resistance  to  decay  of  untreated  wood  and  to  increase  the  importance 
of  the  effectiveness  of  preservative  treatment. 

The  life  of  treated  and  untreated  crossties  of  different  species  of 
wood  in  different  localities  varies  so  widely  in  individual  cases  that 
figures  representing  the  average  length  of  service  are  of  little  value. 
For  example,  the  estimated  average  life  in  the  Northwestern  States  of 
untreated  western  hemlock  ties  in  tracks  subjected  to  heavy  traffic  is 
five  to  six  years.  On  the  other  hand,  the  Government  railroads  in 
Alaska,  which  use  western  hemlock  almost  exclusively  for  crossties, 
report  an  average  life  of  from  9  to  10  years  for  untreated  western 
hemlock.  This  is  almost  double  the  estimated  life  of  western  hem- 
lock ties  in  the  United  States,  and  illustrates  the  wide  variations 
to  be  expected  in  different  localities. 
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Of  the  3,500,000  eastern  and  western  hemlock  ties  reported  in  the 
1925  census,  eastern  hemlock  furnished  by  far  the  larger  proportion. 
The  bulk  of  western  hemlock  ties  are  used  in  the  vicinity  of  their 
growth  for  logging  railroad  tracks. 

MINE   TIMBERS 

The  requirements  for  mine  timbers,  although  such  timbers  are 
used  for  structural  purposes,  differ  somewhat  from  the  property  re- 
quirements described  for  structural  timbers  in  that  decay  resistance 
becomes  more  important.  Shock  resistance  also  becomes  important, 
since  species  of  wood  with  high  shock  resistance  furnish  warnings 
of  failure.  Strength  in  bending  and  compression  (endwise J,  how- 
ever, are  bv  far  the  most  important  strength  properties  (W).  The 
selection  of  mine  timbers  differs  widely  from  the  selection  of  struc- 
tural timbers.  Structural  timbers  are  usually  selected  and  graded 
for  strength,  while  sawed  mine  timbers  are  ungraded.  The  sawed 
Douglas  fir  and  southern  yellow  pine  mine  timbers  now  commonly 
used  consist  of  boxed -heart,  wide-ringed,  low-density  material  whose 
strength  will  run  below  the  average  for  the  species.  They  represent 
what  is  left  after  the  better  and  more  valuable  material  has  been 
cut  from  the  log.  On  the  other  hand,  mine  timbers  of  western  hem- 
lock and  some  of  the  other  moderately  strong  species  of  wood  are 
sometimes  log  run  and  are  therefore  fairly  representative  of  the 
average  strength  of  the  species,  and  may  be  even  above  average  in 
strength.  As  a  result  mine  timbers  of  western  hemlock  are  usually 
nearer  equal  in  strength  to  those  of  Douglas  fir  and  southern  yellow 
pine  than  the  average  strength  figures  (figs.  11  and  12)  indicate. 
In  the  purchase  of  sawed  mine  timbers,  therefore,  more  considera- 
tion should  be  given  to  grade  or  quality  than  to  the  average  strength 
of  the  species.  Likewise  sawed  mine  timbers  of  Douglas  fir  and 
southern  yellow  pine  are  likely  to  contain  little  sapwood  and  are 
more  decay  resistant  than  those  of  western  hemlock,  which  fact 
should  be  considered  where  the  timbers  are  to  be  used  under  con- 
ditions favorable  for  decay. 

Round  timbers  are  often  selected  without  regard  to  grade  or 
species  because  of  their  availability.  Where  both  Douglas  fir  and 
western  hemlock  round  timbers  are  available,  as  is  generally  the 
case,  the  Douglas  fir  is  preferred  because  of  its  higher  strength 
and  decay  resistance. 

Untreated  western  hemlock  makes  a  good  mine  timber  for  use 
where  the  working  is  dry  or  where  the  life  of  the  working  is  less 
than  the  life  of  hemlock  timbers.  In  permanent  mine  work,  where 
conditions  are  favorable  for  decay,  western  hemlock  if  used  should 
be  treated.  The  selection  of  round  timbers  for  permanent  mine  work 
should  be  based  on  the  quality  or  strength  of  the  run  of  timber 
rather  than  upon  the  species. 

LATH 

Plasterers  generally  demand  green  lath  and  lath  of  a  species  of 
wood  that  stays  in  place  well.  Lathers  want  a  wood  that  does  not 
split  readily  when  nailed  and  that  is  soft  enough  to  cut  easily  with 
a  single  blow  of  the  hatchet.    Builders  generally  prefer  a  light- 
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colored  lath,  clean,  and  comparatively  free  from  stain.  The  de- 
mand for  green  lath  confines  the  use  of  western  hemlock  primarily 
to  States  along  the  Atlantic  and  Pacific  coasts.  Western  hemlock 
stays  in  place  well,  does  not  split  readily  when  nailed,  is  moderately 
soft,  light  colored,  and  generally  free  from  stain.  The  principal 
objection  to  hemlock  lath  in  the  past  has  arisen  from  the  staining 
of  the  plaster  by  the  bark.  Pieces  containing  bark  were  never  very 
common  in  western  hemlock  lath  and  are  now  excluded  by  the 
grading  rules,  which  were  revised  to  eliminate  this  objection  to  the 
species.  About  one-third  of  the  lath  produced  in  the  United 
States  is  now  cut  in  Oregon  and  Washington,  perhaps  10  per  cent 
of  their  production  being  western  hemlock. 

FUEL 

Very  little  western  hemlock  is  used  for  fuel  {27)  although  there 
are  thousands  of  cords  available  from  the  waste  which  occurs  in  the 
manufacture  of  lumber  and  in  logging.  There  appears  to  be  no 
early  prospect  of  this  waste  material  being  utilized  for  fuel  because 
in  the  localities  in  which  it  occurs  there  is  an  abundance  of  waste 
of  other  species  of  wood  that  are  preferred  because  of  their  greater 
fuel  value  per  cord.  The  marketing  of  wood  waste  for  fuel  at  a 
distance  from  the  locality  where  it  is  grown  is  not  profitable  be- 
cause of  the  higher  heating  value  of  coal,  both  per  unit  of  weight 
and  per  unit  of  volume,  which  makes  coal  cheaper  to  transport, 
handle,  and  much  more  convenient  to  use. 

TANNIN 

Very  little  western  hemlock  bark  is  used  for  tanning  purposes  in 
spite  of  its  high  tannin  content.  The  several  tanneries  of  the  west 
coast  generally  use  quebracho  from  South  America  and  native  tan- 
bark  oak  bark.  Under  present  conditions  western  hemlock  bark  ap- 
parently can  not  compete  with  these  materials.  Neither  can  it 
at  present  compete  with  eastern  hemlock  bark,  quebracho,  etc.,  in 
the  eastern  tanning  markets. 

EXCELSIOR 

The  properties  required  in  wood  for  manufacturing  excelsior  are 
ease  of  working,  straightness  of  grain,  uniformity  of  texture,  and 
the  absence  of  dense,  hard  streaks,  or  knots.  Excelsior  of  high 
quality  must  be  tough,  resilient,  light  in  color,  and  without  odor, 
taste,  resin,  or  gum.  There  appears  to  be  some  unknown  quality  or 
qualities  in  wood,  probably  of  texture  or  structure,  which  accounts 
for  the  fact  that  the  higher  quality  products  are  obtained  from  other 
than  the  touglier  and  stiffer  species  of  wood. 

While  western  hemlock  combines  a  number  of  the  properties  de- 
sired for  wood  suitable  for  excelsior,  it  has  some  characteristics 
which  make  its  use  doubtful.  Excelsior  manufacturers  state  that 
strands  of  western  hemlock  will  not  curl  up  satisfactorily  and  will 
break  in  baling.  The  tendency  to  break  rather  than  curl  is  exhibited 
by  western  hemlock  shavings  from  planers  and  other  woodworking 
machinery.  Manufacturers  also  believe  that  the  black  knots  of  west- 
ern hemlock  would  cause  excessive  breakage  in  spurs  of  excelsior- 


PROPEETIES  OF   WESTEBN   HEMLOCK 


59 


manufacturing  machines.  In  view  of  the  above  objections  and  in  the 
absence  of  data,  an  extensive  trial  or  test  should  be  made  before  at- 
tempting to  manufacture  excelsior  from  western  hemlock  on  a  com- 
mercial scale. 

REPORTED  MISCELLANEOUS  USES  FOR  WESTERN  HEMLOCK 

There  are  a  large  number  of  miscellaneous  uses  into  which  western 
hemlock  now  goes  that  are  not  discussed  because  of  the  small  quantity 
of  material  they  consume,  because  of  lack  of  knowledge  as  to  their 
required  properties,  or  because  their  requirements  are  enough  like 
some  uses  already  discussed  for  the  comparisons  and  analyses  to 
apply  in  part  or  with  slight  changes. 

The  following  is  a  partial  list  of  miscellaneous  uses  for  western 
hemlock  which  has  been  compiled  from  observations  of  members  of 
che  Forest  Service  and  from  a  survey  of  trade  literature.  While  the 
list  may  be  useful  as  a  reference  for  possible  uses  for  western  hem- 
lock, it  should  be  remembered  that  the  fact  that  a  species  of  wood 
has  been  used  for  a  specific  purpose  does  not  indicate  that  it  is  the 
best  wood  for  that  purpose.  In  fact,  a  brief  inspection  of  the  list 
will  reveal  that  it  contains  a  number  of  uses  for  which  other  species 
are  obviously  better  suited  than  western  hemlock. 

PARTIAL  UST  OF  USES  FOR  WESTERN  HEMLOCK 


Airplanes. 

Backing,  furniture. 

Balls. 

Balls,  topmast. 

Balusters. 

Balusters,  porch. 

Baskets. 

Baskets,  fniit. 

Bottoms. 

Bottoms,  drawer,  furni- 
ture. 

Bottoms,  dredge. 

Boxes. 

Boxes,  goods,  canned. 

Boxes,  product,  food. 

Boxes,  shipping,  heavy. 

Cabinets,  kitchen. 

Cases. 

Cases,  food. 

Casing. 

Casing,  box,  controller, 
electric,  car. 

Casing,  head,  house. 

Caskets. 

Caskets,  outside  boxes. 

Ceiling. 

Cooperage. 

Cooperage,  slack. 

Coaches. 

Crates. 

Crates,  vegetable. 

Crating. 

Doors. 

Doors,  screen. 

Drawers. 

Drawers,  fixture. 


Drawers,  furniture. 

Finish. 

Finish,  boat. 

Finish,  exterior,  house. 

Finish,  interior. 

Finish,  interior,  house. 

Fixtures. 

Flooring. 

Flooring,  car,  freight. 

Frames,  couch. 

Frames,  well,  oil. 

Frames,  window. 

Fuel. 

Furniture. 

Implements,  agricultural. 

Joists. 

Joists,  floor,  house. 

Lath,  house. 

Molding. 

Molding,  exterior,  house. 

Newels. 

Pails. 

Panels. 

Panels,  house  (interior 
trim). 

Posts. 

Posts,  newel. 

Posts,  newel,  angle. 

Posts,  newel,  starting. 

Products,  mill,  planing. 

Pulp,  paper. 

Refrigerators. 

Refrigerators  and  kitch- 
en cabinets. 

Roofing. 

Roofing,  car.    • 


Roofing,  car,  freight. 

Roofing,  car,  railroad. 

Sash. 

Sash,  doors  and  blinds. 

Sash,  window. 

Scantling. 

Screens. 

Screens,  window. 

Shelves. 

Shelves,  fixture. 

Shelves,  furniture. 

Shelving. 

Shooks. 

Shooks,  box. 

Sides,  drawer. 

Sides,  drawer,  furniture. 

Siding. 

Siding,  car,  freight. 

Siding,  house. 

Silos. 

Staves. 

Staves,  silo. 

Staves,  tub,  butter. 

Tables,  kitchen. 

Tanks. 

Ties,  cross. 

T  i  m  b  e  rs,  construction. 

heavy. 
Tops,  furniture. 
Tops,  table,  kitchen. 
Veneer. 
Wainscoting. 
Woodenware. 
Woodenware  and  novel* 

ties. 
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INTRODUCTION 

Laphygma  frugiperda  (S.  and  A.)  is,  in  the  adult  stage,  a  moth  of 
the  family  Noctuidae.  ,  It  is  found  in  the  Tropics  of  North,  South, 
and  Central  America,  including  some  of  the  West  Indian  Islands, 
and  is  undoubtedly  tropical  in  origin ;  but  it  appears  to  be  a  contin- 
uous resident  of  the  Gulf  coast  district  of  the  United  States,  where 
it  is  able  to  survive  the  mild  winters.  Many  of  the  moths  migrate 
or  disperse  from  the  immediate  locality  where  they  emerge  from  the 
pupae,  and  these  migrations  sometimes  carry  them  far  beyond  the 
territory  where  the  chmate  will  permit  the  species  to  survive.  From 
the  district  along  the  Gulf  coast  where  this  insect  passes  the  winter, 
moths  migrate  northward  during  the  spring,  summer,  and  fall,  suc- 
cessive generations  passing  farther  and  farther  north  until  they 
sometimes  reach  the  most  northern  States  of  the  country.  The 
progeny  of  these  migrating  moths  do  not,  however,  survive  the  win- 
ter, and  the  species  is  destroyed  each  winter  throughout  its  range  in 

>  Laphygma  frugiperda  (S.  and  A.). 
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the  United  States  except  in  a  territory  of  unknown  limits  along  the 
Gulf  coast  and  in  eastern  Florida. 

The  damage  done  by  Lapliygmajrugiperda  in  its  larval  stage,  known  as 
the  fall  army  worm,  to  corn  and  forage  crops  in  the  South  entitles  it 
to  consideration  as  an  important  pest  of  these  crops.  Outbreaks  of 
the  fall  army  worm  are  difficult  to  study,  as  the  entomologist  usually 
arrives  on  the  scene  when  the  caterpillars  are  full-grown  and  ready  to 
pupate.  To  obtain  some  of  the  information  which  might  aid  in  under- 
standing this  insect  and  finally  lead  to  practical  results  in  its  con- 
trol, studies  on  it  were  undertaken  at  Brownsville,  Tex.  As  the 
insect  is  continuously  resident  there,  the  locality  is  favorable  for 
this  work. 

Laphygmajrugiperda  attacks  young  corn  throughout  the  Southern 
States,  but  usually  does  not  migrate  very  far  north  until  most  of  the 
corn  is  beyond  the  tasseling  stage.  It  may  be  found  in  August,  in 
the  more  northern  of  the  Southern  States,  in  ears  of  corn  or  on  young 
corn  plants  grown  as  a  soiling  crop.  It  also  attacks  other  plants  in 
the  South,  such  as  sorghum  (both  the  saccharine  and  nonsaccharine 
varieties),  alfalfa,  and  tame  and  wild  grasses,  but  prefers  corn  if  young 
plants  of  this  crop  are  available  when  the  moths  are  flying.  It 
appears  every  year  in  the  Northern  States,  late  in  the  season,  and 
attacks  the  ears  of  corn,  but  in  these  States  is  seldom  numerous 
enough  on  corn  to  attract  attention. 

In  this  bulletin  LapJiygma  jrugiperda  is  treated  as  the  common 
pest  of  corn  of  the  Gulf  States  known  as  the  ''bud  worm,"  and  not 
as  the  fall  army  worm.  In  these  States  the  injury  done  to  corn  by 
this  insect  is  much  more  extensive  than  is  commonly  supposed,  as 
the  damage  is  often  mistaken  for  and  reported  as  the  work  of  the 
corn-ear  worm,  or  bollworm.  The  conditions  reported  in  the  follow- 
ing pages  under  the  headings  food  plants,  habits,  seasonal  history, 
and  parasites,  are  common  and  usual  for  this  insect  throughout  the 
Gulf  section  of  the  Lower  Austral  life  zone. 

NATURE  OF  INJURY  TO  CORN 

The  moths  oviposit  on  young  corn  plants  from  1  to  2  feet  tall,  in 
preference  to  all  other  plants.  The  caterpillars  usually  are  found 
feeding  on  the  corn  leaves,  especially  those  on  the  young  plants 
before  the  tassels  appear.  The  large  caterpillars  commonly  remain 
in  the  "throat"  of  the  plant,  and  feed  during  the  day  as  well  as  at 
night.  Owing  to  this  method  of  feeding,  the  insect  is  commonly 
known  in  the  South  as  the  ''bud  worm."  Holes  are  eaten  through 
the  folded  leaf  which,  after  it  grows  out,  appear  as  a  row  of  three  or 
four  small-to-large  holes  across  the  leaf.  If  the  caterpillars  are 
numerous  the  leaves  are  badly  frayed.  This  injury  is  similar  to  the 
injury  done  to  young  corn  by  the  larvae  of  the  corn-ear  worm 
Helioihis  ohsoleta  (Fab.).  By  examining  the  injured  plant  it  is  possi- 
ble, however,  to  determine  which  species  is  responsible  for  the  dam- 
age, as  the  holes  cut  in  the  corn  leaves  by  the  larvae '  of  Laphygma 
have  nearly  smooth  edges,  whereas  the  holes  cut  by  the  larvae  of 
Heliothis  have  ragged  edges.  The  caterpillars  also  feed  on  older 
corn  plants,  entering  the  ears  and  feeding  on  the  grain,  and  causing 
damage  similar  to  that  done  by  the  corn-ear  worm.  Sometimes  the 
larvae  are  numerous  enough  to  destroy  the  corn  plants,  which  may 
be  entirely  stripped  of  their  leaves.     Even  the  stalks  of  young  plants 
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may  be  eaten  to  the  ground.     The  young  corn  plants  usually  survive 
and  outgrow  the  ordinary  injury  to  the  leaves. 

FOOD  PLANTS 

LapTiT/gmafrugiperda  has  been  observed  to  feed  on  a  large  variety  of 
plants,  especially  during  an  outbreak  of  the  caterpillars,  when  they 
migrate  from  destroyed  grasses  and  feed  on  available  neighboring 
plants.  Chittenden^  has  listed  many  species  upon  which  the  larvae 
are  known  to  have  fed.  Those  which  have  been  observed  by  the 
writer  are  here  mentioned. 

Corn. — This  is  the  cultivated  crop  that  seems  to  be  preferred,  and 
caterpillars  may  be  found  on  it  if  young  corn  is  available  when  the 
moths  are  flying. 

Sorgo. — This  crop  is  commonly  sown  broadcast  for  hay  in  south- 
ern Texas,  and  the  caterpillars  frequently  attack  it.  Caterpillars 
were  observed  by  C.  L.  Scott  in  young,  broadcast  sorgo  at  Hunne- 
well,  Kans.,  early  in  August. 

Kafir. — The  writer  observed  caterpillars  feeding  on  kafir  at  Odem, 
Tex.,  in  October.  In  the  early  part  of  August  C.  L.  Scott  observed 
caterpillars  on  young  plants  1  to  3  feet  high  at  Colbert,  Tishomingo, 
Yukon,  Blackwell,  and  Enid,  Okla.,  and  at  Wellington,  Kans. 

Other  sorghums. — In  Texas,  caterpillars  have  been  observed  feed- 
ing on  feterita,  milo,  Johnson  grass,  Sudan  grass,  and  broomcorn.      ,  • 

Alfalfa. — Caterpillars  have  frequently  been  swept  from  alfalfa  in' 
the  vicinity  of  Brownsville.  In  September,  at  Shreveport,  La.,  the 
writer  observed  one  small  field  of  alfalfa  which  had  been  destroyed  by 
these  caterpillars. 

Oats. — Caterpillars  have  been  found  on  this  crop  in  the  vicinity  of 
Brownsville  in  January,  February,  and  May. 

Barley. — Caterpillars  have  been  collected  from  barley  at  Browns- 
ville in  January,  February,  March,  and  April. 

Bermuda  grass. — The  caterpillars  probably  feed  frequently  on  this 
grass,  but  are  noticed  only  when  numerous.  During  May  and  June, 
1912,  they  were  common  on  Bermuda  grass  at  Brownsville. 

Croton  capitatus  Michx. — This  plant  is  common  in  the  pasture  land 
near  Riviera  and  Kingsville,  Tex.  On  November  20,  1918,  the 
wTiter  found  caterpillars  of  Laphygma  feeding  on  Capitatus  near 
Riviera,  and  most  of  the  plants  of  this  species  and  grasses  also  in  that 
locality  were  defoliated.  The  caterpillars  were  scarce  at  that  time, 
but  M.  M.  High  stated  that  they  had  been  very  numerous  u^  the: 
pastures  about  a  week  before.  L   —  r  •  ', 

Other  food  plants. — The  caterpillars  were  also  observed  at  Browns- 
ville feeding  on  sugar  cane,  peanuts,  beans,  and  a  species  of  Amaranthus. 

LIFE  HISTORY  AND  HABITS 

The  life  history  and  habits  of  Laphygma  frugiperda  have  been 
described  by  Doctor  Chittenden  in  his  publication  entitled  ''The  Fall 
Army  Worm  and  Variegated  Cutworm."^  He  treats  of  all  the  stages 
and  includes  technical  descriptions,  by  H.  G.  Dyar,  of  the  larval 
instars  and  of  the  egg. 

»  Chittenden,  F.  H.    the  fall  abmt  worm  and  variegated  cutworm.    U.S.  Dept.  Art.,  Div. 
Ent.  Bui.  (n.  s.)  29, 64  p.,  illus.   1901. 
»  Chittenden,  F.  U.    Op.  cit. 
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At  Brownsville  the  writer  determined  the  sex  of  many  pupae,  iso- 
lated them  into  lots,  male  and  female,  and  reared  the  moths.  In 
all  of  the  experiments  the  male  moths  were  of  the  ornamental  or 
Prodenialike  form,  while  the  females  were  of  the  dull,  gray -colored 
variety.  The  larvae  taken  at  Brownsville  were  usually  of  the  uniform 
brown  color  and  were  not  striped. 

The  following  habits,  observed  at  Brownsville,  appear  to  be  impor- 
tant: The  moths  migrate.  They  deposit  eggs  on  or  near  green  plants 
that,  at  that  time,  are  suitable  for  the  larvae  to  feed  upon.  They 
deposit  eggs  in  masses  and  cover  the  mass  with  down  from  the  body 
of  the  parent.  The  larvae  feed  on  the  leaves  of  the  food  plant; 
they  are  gregarious  after  hatching,  but  begin  to  disperse  at  the  end 
of  the  first  instar.     The  larvae  pupate  near  the  surface  of  the  ground. 

MIGRATION  OF  THE  MOTH 

No  direct  proof  of  the  migrations  of  the  moth  was  obtained  in 
the  work  here  discussed  on  LapJiygma  Jrugiperda,  but  it  is  generally 
admitted  that  this  insect  does  not  overwinter  in  the  North,  and 
outbreaks  of  its  caterpillars  can  be  explained  only  by  assuming  migra- 
tions from  the  South.  It  appears  to  be  able  to  overwinter  only  in 
the  Gulf  district  of  the  Lower  Austral  zone,  but  the  extent  of  the 
area  in  which  it  can  overwinter  is  not  known,  and  probably  varies 
from  year  to  year.  Part  of  the  early  spring  infestation  along  the 
Gulf  coast  and  in  southern  Florida  may  be  caused  by  moths  which 
migrate  northward  from  the  Tropics.  The  northward  migration 
occurs  with  the  advancement  of  the  season,  and  the  moths  reach  the 
more  northern  States  after  going  through  successive  generations 
farther  and  farther  north.  This  migration  seems  to  occur  every  year, 
but  it  reaches  the  proportions  of  what  are  called  outbreaks  of  the 
fall  army  worm  only  in  occasional  years. 

OVIPOSITION 

The  moths  fly  at  night  and  hide  during  the  day  on  the  food  plant 
of  the  larvae.  On  corn  they  frequently  rest  during  the  day  among 
the  unopened  leaves  of  the  young  plants.  In  the  writer's  experi- 
ments the  female  oviposited  at  night,  but  it  is  not  certain  that  they 
do  not  oviposit  to  some  extent  during  the  day.  They  lay  their  eggs 
in  masses,  usually  on  the  upper  surface  of  the  leaf  of  corn,  but 
occasionally  on  other  parts  of  the  plant.  The  female  covers  the  egg 
mass  with  a  gray  down  from  her  body.  The  writer  observed  the 
egg  masses  on  leaves  of  the  date  palm,  where  the  larvae  could  drop 
to  the  ground  and  feed  on  Bermuda  grass,  and  the  moths  are  ikely 
to  deposit  the  eggs  on  weeds  and  other  comparatively  tall  planlts  in 
the  field,  as  well  as  upon  the  food  plants. 

NUMBER  OF  EGGS  IN  A  MASS 

The  eggs  in  the  masses  were  counted  at  various  times.  One  egg 
mass  taken  from  corn  had  100  eggs  in  two  layers,  and  another  taken 
from  corn  had  400  eggs  in  four  layers.  In  an  experiment  conducted 
in  the  laboratory  by  O.  W.  Rosewall  43  egg  masses  were  taken  from 
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the  breeding  cages,  and  the  number  of  eggs  in  a  mass  varied  from  9 
to  349,  with  an  average  per  egg  mass  of  143. 

AVERAGE  NUMBER  OF  EGGS  LAID  BY  A  MOTH 

In  the  experiments  conducted  by  Mr.  Rosewall  six  pairs  of  newly 
reared  moths  were  confined  in  separate  lantern  globes  and  fed  on 
thin  sugar  sirup.  The  females  began  laying  eggs  three  days  after  they 
emerged  from  the  pupae,  and  their  average  length  of  life  was  about 
six  days.  The  six  females  laid  a  total  of  6,144  eggs,  or  an  average 
of  1,024  eggs  per  female.  The  total  number  of  egg  masses  was  43, 
or  about  7  for  each  female.     One  moth  laid  1,782  eggs  in  13  masses. 

FEEDING  HABITS  OF  THE  LARVAE 

When  the  larvae  hatch  they  eat  the  eggshells,  and  for  a  short  time 
feed  in  a  colony  near  the  egg  mass,  gradually  dispersing  as  they  grow. 
Toward  the  end  of  the  first  instar  they  wander  farther  from  the  egg 
mass,  and  in  the  second  instar  they  are  isolated  and  usually  seek 
protection  between  the  young  leaves  of  the  plant.  While  in  the  first 
and  second  instars  they  feed  on  one  side  of  the  leaf,  skeletonizing  it, 
but  during  the  later  instars  they  eat  holes  through  the  leaf.  The 
caterpillars  feed  both  in  the  daytime  and  at  night.  They  usually 
feed  in  the  shade  or  in  protected  situations,  such  as  between  the 
young  leaves  of  corn  or  in  the  "  throat "  of  young  corn  plants.  In 
older  corn  plants  they  enter  the  ear  through  the  silk  and  feed  on  the 
grain  near  the  tip  of  the  ear.  They  do  not  have  the  habit  of  hiding 
under  trash  on  the  ground  during  the  daytime,  as  do  the  cutworms 
and  army  worms.  As  the  older  larvae,  those  in  the  fourth  to  the 
sixth  instars,  may  migrate  to  near-by  plants,  those  hatching  from  a 
single  egg  mass  will  infest  many  of  the  surrounding  plants.  And  if 
they  are  numerous  enough  to  destroy  the  host  plants  the  need  of 
food  may  compel  them  to  assume  the  army-worm  habit  and  migrate 
in  large  numbers. 

CANNIBALISTIC  HABITS  OF  THE  LARVAE 

These  caterpillars  will  attack,  kill,  and  feed  upon  each  other,  so 
that  it  is  necessary  to  isolate  them  in  rearing  experiments.  Several 
experiments  were  conducted  at  Brownsville  to  learn  something  of 
their  habits  in  this  respect.  Egg  masses  were  placed  in  4-ounce, 
seamless  tin  boxes,  as  many  as  400  eggs  being  in  each  box.  All  of 
the  caterpillars  were  confined  in  a  single  box  until  pupation  but  had 
a  supply  of  corn  leaves  for  food.  Some  of  the  larvae  died  from 
unknown  causes,  but  most  of  them  were  destroyed  by  their  fellows 
until  only  one  or  two  remained  to  pupate.  In  one  experiment  a 
single  corn  plant  was  grown  in  each  of  six  large  field  cages  3  by  3  by 
6  feet,  and  Irom  150  to  200  eggs  were  placed  in  each  cage.  By  the 
time  the  caterpillars  were  ready  to  pupate  most  of  the  corn  plants 
had  been  destroyed,  and  only  from  3  to  18  caterpillars  could  be  found 
in  each  cage.  No  evidence  was  found  to  show  that  the  missing 
caterpillars  had  been  eaten.  Some  of  them  may  have  escaped  from 
the  cages  in  some  way,  as  they  were  observed  to  wander  around 
within  the  cages,  apparently  seeking  other  food  plants. 


6  TECHNICAL  BULLETIN   13  8,  U.  S.  DEPT.  OP  AGRICULTURE 

No  direct  evidence  of  cannibalism  was  observed  in  the  field  and 
probably  it  is  not  an  important  factor  in  causing  a  reduction  in  the 
number  of  caterpillars.  Up  to  and  including  the  third  instar  many- 
caterpillars  can  hide  between  the  young  corn  leaves  without  interfer- 
ing with  each  other,  and  in  the  fourth  instar  there  is  room  for  a 
smaller  number,  whereas  in  the  fifth  and  six  instars  larvae  like  to 
occupy  the  throat  of  the  plant,  and  there  is  room  for  only  one  in  this 
position.  Usually  only  one  large  caterpillar  can  be  found  in  the 
throat  of  a  corn  plant,  and  undoubtedly  the  surviving  caterpillar 
has  eaten  any  others  that  have  tried  to  occupy  the  confined  area  of 
this  location,  desirable  from  the  standpoint  of  the  caterpillar. 

The  pugnacious  habits  of  the  caterpillars  seem  to  make  migration 
necessary  and  cause  them  to  seek  other  plants;  if,  therefore,  an  egg 
mass  is  deposited  on  one  plant  the  surrounding  plants  will  ultimately 
be  infested  by  the  migrating  caterpillars. 

PUPATION 

At  Brownsville  the  writer  did  not  collect  pupae  from  the  field  and 
made  no  accurate  observations  on  the  method  of  pupation.  Chitten- 
den,* in  the  publication  already  mentioned,  says  that  they  pupate 
from  one-fourth  inch  to  Iji  inches  below  the  surface  of  the  ground. 
This  slight  depth  for  entering  pupation  is  important,  as  it  limits  the 
northern  range  of  the  insect.  Deeper  pupation  would  obtain  for  it 
a  more  uniform  temperature  and  allow  it  to  survive  a  longer  period 
in  the  ground  during  the  cold  months. 

SEASONAL  HISTORY 

GENERAL  DISCUSSION 

LapTiygma  frugiperda  may  be  found  at  Brownsville  in  all  stages 
during  every  month  in  the  year,  but  it  is  not  easily  found  in 
December,  January,  and  February  because  suitable  green  food  plants 
are  scarce  during  these  months.  In  the  collections  made  for  the 
rearing  of  parasites  (Tables  7  and  8)  caterpillars  in  all  instars  from 
the  third  to  the  sixth  were  taken  during  every  month  in  the  year 
except  February.  The  most  numerous  collections  were  made  in 
April,  May,  June,  and  July,  and  in  the  fall  in  September,  October, 
and  November,  because  cornfields  in  the  right  stages  of  growth  to  be 
heavily  infested  with  the  caterpillars  could  be  located  during  those 
months,  more  especially  during  May,  June,  and  October.  Although 
no  pupae  were  collected  from  the  field  in  any  month,  the  presence  of 
caterpillars  in  all  stages  would  indicate  the  continuous  presence  of 
pupae.  During  August  it  is  more  difficult  to  find  the  caterpillars  on 
corn,  because  most  of  the  corn  is  mature  at  that  time,  whereas  in 
December,  January,  and  February  there  is  very  little  growing  corn 
except  a  few  scattered  fields  of  late-planted  fall  corn  that  may 
survive  until  January,  if  there  are  no  freezes. 

The  cornfields  of  the  lower  Rio  Grande  Valley  furnish  favorable 
conditions  for  Laphygma  frugiperda.  A  few  fields  of  corn  may  be 
planted  in  January  in  the  vicinity  of  Brownsville,  but  the  planting 
of  the  main  crop  begins  about  the  middle  of  February.     After  the 

*  Chittenden,  F.  H.    Op.  cit. 
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middle  of  February  some  corn  is  planted  every  month  until  October. 
The  early  planted  corn  begins  to  mature  about  May,  most  of  the 
crop  being  sold  for  roasting  ears  in  May  and  June.  The  cured  grain 
may  be  harvested  in  June,  July,  and  August.  Sometimes  in  August 
or  September  corn  may  be  planted  for  a  fall  crop  of  silage,  or  to 
furnish  roasting  ears  in  November.  The  Mexican  farmers  plant  corn 
in  the  resaca  bottoms  after  the  fall  rains,  or  at  any  time  after  an 
overflow  of  the  river.  By  the  middle  of  March  corn  may  be  found  in 
all  stages  of  growth  up  to  a  height  of  about  2  feet,  and  from  that  date 
until  the  beginning  of  December  cornfields  infested  with  Laphygma 
may  be  found  at  any  time. 

Alfalfa  may  also  furnish  food  for  the  caterpillars  during  the  spring, 
summer,  and  fall  months.  For  the  purpose  of  rearing  parasites,  the 
writer  made  collections  from  alfalfa  in  June,  July,  August,  September, 
and  October. 

Sorgho  planted  broadcast  for  hay  is  also  available  during  the  months 
in  which  corn  is  available,  and  Bermuda  grass  and  other  wild  grasses 
may  be  found  in  most  of  the  months  of  the  year,  especially  along 
the  irrigation  canals. 

OCCURRENCE  DURING  THE  WINTER 

During  the  winter  months,  December,  January,  and  February,  it 
is  more  difficult  to  find  caterpillars  of  Laphygma  frugiperda  in  the 
field,  for  the  number  of  growing  food  plants  is  diminished  by  the  cold 
weather.  This  species  can  not  go  through  the  winter  in  the  pupal 
stage  because  in  the  winter  at  Brownsville  this  stage  lasts  only  between 
30  and  40  days,  and  as  the  ground  is  not  frozen  the  moths  emerge. 
Part  of  the  winter  must,  therefore,  be  passed  in  the  larval  stage,  and 
the  scarcity  of  green  food  plants  reduces  the  numbers  that  survive 
the  winter.  In  some  winters  there  are  severe  freezes,  the  tempera- 
ture going  below  32°  F.  and  killing  practically  all  of  the  food  plants 
of  this  insect.  Large  numbers  of  the  caterpillars  must  be  destroyed 
as  a  result  of  these  freezes,  as  they  would  starve  to  death  after  the 
destruction  of  their  food  plants.  Such>  freezes  last  only  a  few  days 
and  rarely  occur;  the  winters  are  usually  mild,  with  many  warm  days 
and  only  a  few  light  frosts.  In  mild  winters  a  few  fields  of  corn  may 
last  until  January,  as  also  may  sorgho  in  hayfields.  Some  green  Ber- 
muda grass  and  other  wild  grasses  may  also  be  found  unless  very  dry 
weather  occurs.  In  January,  February,  and  March  the  caterpillars 
may  sometimes  be  found  on  oats,  but  this  crop  is  not  sown  to  any 
considerable  extent  in  the  lower  Rio  Grande  Valley. 

Some  observations  taken  from  the  writer's  field  notes  are  presented 
in  the  following  paragraphs  to  give  an  idea  of  the  winter  conditions 
under  which  this  insect  occurs  at  Brownsville. 

On  December  20,  1913,  moths  were  found  on  corn  plants,  and  cat- 
erpillars in  all  stages  were  found  in  the  same  field.  On  the  same  day 
one  egg  mass  was  collected  from  corn  about  3  feet  tall,  growing  in 
the  laboratory  plot.  On  December  23,  in  another  field  which  had 
plants  about  3  feet  high,  about  50  per  cent  of  the  plants  were  infested, 
and  there  were  caterpillars  in  the  fourth,  fifth,  and  sixth  instars.  In 
the  collections  made  for  the  purpose  of  rearing  parasites  (Tables 
7  and  8)  781  caterpillars  were  taken  in  December  in  seven  collections 
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in  the  course  of  the  years  1913,  1914,  and  1915.  These  collections 
were  made  on  December  2,  16,  20,  24,  28,  and  30. 

On  January  15,  1913,  many  fifth-instar  and  sixth-instar  caterpil- 
lars were  collected  from  corn  which  had  survived  the  frosts.  On 
January  31  of  the  same  year  one  caterpillar  was  taken  from  barley. 

On  January  7,  1914,  a  search  was  made  by  two  men  for  Laphygma 
caterpillars  in  a  field  of  corn  which  contained  two  plantings,  one 
part  of  the  field  having  plants  in  the  roasting-ear  stage  and  the  other 
plants  from  1  to  3)^  feet  tall.  The  latter  planting  had  been  severely 
injured  by  frost.  Only  five  caterpillars  were  taken  in  two  hours' 
careful  search.  On  January  15,  one  Laphygma  moth,  one  egg  mass, 
one  fourth-instar  caterpillar,  and  one  sixth-instar  caterpillar  were 
taken  from  corn  in  the  laboratory  plot  in  5  minutes'  time.  This 
corn  was  about  3  feet  tall  and  had  twice  been  injured  by  frost. 

On  January  6,  1915,  caterpillars  in  the  third,  fourth,  and  fifth 
instars  were  collected  from  the  laboratory  corn  plot.  On  January 
14  about  200  caterpillars  ranging  in  development  from  the  third  to 
the  sixth  instar  were  collected  from  a  cornfield  on  a  sugar-cane  plan- 
tation. The  corn  had  been  planted  late  in  the  fall  for  silage,  but 
wet,  cold  weather  had  retarded  growth,  and  the  plants  were  only 
from  1  to  2  feet  high  on  January  14. 

In  the  collections  made  for  rearing  parasites  457  caterpillars  were 
taken  in  January  in  six  collections,  in  the  course  of  the  years  1913, 
1914,  1915,  and  1916.  These  collections  were  made  on  January  5,  6, 
7,  13,  14,  and  27. 

On  February  18,  1911,  a  few  small  caterpillars  were  collected  from 
corn  about  6  inches  high  which  had  been  planted  on  January  1.  On 
February  10,  1915,  a  few  caterpillars  were  collected  from  oats.  No 
caterpillars  for  parasite  rearings  were  collected  in  February. 

DURATION  OF  THE  EGG  STAGE 

Numerous  experiments,  some  in  every  month  of  the  year,  were 
conducted  to  ascertain  the  length  of  the  incubation  period.  In  all 
cases  the  egg  masses  under  observation  were  inclosed  in  tin  boxes. 

Experiments  were  conducted  in  the  laboratory  by  O.  W.  Rosewall 
from  June  13  to  August  11,  1913,  with  the  result  that  the  incubation 
period  was  found,  on  the  basis  of  17  observations,  to  vary  in  length  from 
approximately  two  days  to  three  days.  It  was  more  than  48  hours  and 
less  than  72  hours,  at  an  average  daily  mean  temperature  of  79°  F.  It 
was  less  than  48  hours  at  an  average  daily  mean  temperature  of  80°. 

Experiments  were  conducted  in  the  insectary  by  C.  L.  Scott  in 
1913  and  1914,  and  in  the  laboratory  by  Felix  V.  Garcia  in  1915  and 
1916,  numerous  observations  being  made  by  both  during  the  months 
from  September  to  May,  inclusive.  These  experiments  are  sum- 
marized in  Table  1.  The  mean  temperatures  ranged  from  59°  to 
79°  F.  The  laboratory  temperatures  were  very  uniform,  with  a 
daily  range  of  from  4°  to  6°;  but  the  insectary  temperatures  had  a 
daily  range  of  from  15°  to  25°.  At  mean  temperatures  of  from  77° 
to  79°  the  duration  of  the  egg  stage  was  less  than  3  days,  and  at  59° 
it  was  more  than  10  days.  At  mean  temperatures  of  from  62°  to 
69°  the  duration  of  the  eg^  stage  in  the  laboratory  was  shorter  than 
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in  the  insectary  at  the  same  mean  temperatures.  At  mean  tempera- 
tures of  between  70°  and  76°  the  duration  of  the  egg  stage  appeared 
to  be  slightly  longer  in  the  laboratory  than  in  the  insectary. 

Table  1. — Duration  of  egg  stage  of  Laphygma  frugiperda  as  related  to  daily  mean 
temperatures  observed  at  Brownsville,  Tex.,  in  the  years  1913  to  1916,  inclusive 


Mean  temperature 
of  incubation 


59  to  61. 
62  to  65. 

60  to  69. 


F, 


Number 
of  obser- 
vations 


12 
10 

»10 
18 

»20 


Range  of 

duration 

of  egg 

stage 


Days 
10^-12 
8  -10 
6-8 
6-7 
4-7 


Average 

duration 

of  egg 

stage 


Days 
11 

8H 
7 
6 
5H 


Mean  temperature 
of  incubation 


F. 


70  to  74. 


75  to  76.. 

77 

77  to  79.. 


Number 
of  obser- 
vations 


12 

»27 

10 

«8 

8 

»11 


Range  of 

duration 

of  egg 

stage 


Days 
3M-5 
3    -5H 
3    -4 

3    -4H 
2H-3 

2H-3H 


Average 

duration 

of  egg 

stage 


Days 

4 

3^ 

m 
(») 


1  These  observations  were  made  in  the  laboratory;  the  others  in  the  insectary.        » Less  than  3. 

The  length  of  the  egg  stage  at  the  temperatures  usually  maintained 
in  a  refrigerator  was  roughly  determined  by  placing  five  lots  of  eggs 
in  an  ordinary  household  refrigerator  as  soon  as  practicable  after 
they  were  laid  and  leaving  them  there  until  at  least  part  of  them 
hatched.  Three  such  lots  were  exposed  in  December,  1915,  one 
being  placed  in  the  refrigerator  3}^,  and  another  2}^,  days  after 
being  laid,  and  a  third  with  practically  no  time  intervening.  In  Feb- 
ruary, 1916,  two  such  lots  were  placed  in  the  refrigerator,  one  3}^  days 
and  the  other  immediately  after  being  laid.  The  history  and  results  of 
these  experiments  are  summarized  in  Table  2.  The  two  lots  of  eggs 
transferred  to  the  refrigerator  immediately  after  being  laid  hatched 
in  18  and  19  days,  respectively,  after  being  kept  at  mean  temperatures 
of  approximately  52°  and  53°  F.  The  lot  of  eggs  transferred  to  the 
refrigerator  2K  days  after  being  laid  hatched  12  days  after  the 
transfer,  the  intervening  mean  temperature  being  52°.  The  two  lots 
so  transferred  after  3K  days  hatched  in  4  to  8  days,  respectively,  at 
mean  temperatures  of  52°  and  53°.  In  the  later  of  these  two  cases 
the  eggs  of  one  mass  hatched  February  20,  1916,  and  a  few  eggs  in 
other  masses  hatched  on  the  next  day.  No  more  of  these  eggs 
hatched  in  the  refrigerator,  but  several  masses  which  were  removed 
from  the  refrigerator  on  the  20th  hatched  in  the  laboratory  the 
next  day. 

In  all  of  the  experiments  recorded  in  Table  2  the  eggs  were  inclosed 
in  tin  boxes,  each  box  containing  a  piece  of  wet  blotting  paper  to 
keep  the  air  moist;  in  one  experiment,  not  summarized  in  the  table, 
the  egg  masses  were  kept  dry  in  a  vial,  and  although  the  embryonic 
development  was  completed  the  eggs  failed  to  hatch.  The  develop- 
ment of  the  embryos  proceeded  slowly  at  these  temperatures,  and 
the  embryos  became  fullv  developed  larvae  ready  to  emerge  on  the 
day  the  eggs  are  recorded  as  hatching,  but  in  most  cases  only  a  few 
of  the  larvae  actually  emerged.  Egg  masses  which  failed  to  hatch 
in  the  refrigerator  when  embryonic  development  was  complete  also 
failed  to  hatch  when  removed  several  days  afterwards  from  the  refrig- 
erator, which  shows  that  the  larvae  die  within  the  egg  if  low 
temperatures  have  prevented  them  from  emerging. 

66049—29 2 
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Table  2. — Duration  of  egg  stage  of  Laphygma  frugiperda,  entirely   or  mainly  at 
refrigerator  temperature,  observed  at  Brownsville,  Tex.,  in  1915  and  1916 


Date  eggs  were 
put  in  refrig- 
erator 

Date  eggs 

In  laboratory 
before  being 
put  in  refrig- 
erator 

In  refrigerator 

Date  eggs  were  laid 

hatched 

Time 

Mean 
tem- 
pera- 
ture 

Time 

Mean 
tem- 
pera- 
ture 

Dec.  13,1915    

Dec.  16,1915 

do 

do 

Dec.  20,1915 
Dec.  28,1915 
Jan.     3, 1916 
Feb.  20,1916 
Mar.    2,1916 

Days 
3H 
2H 
0 

3H 

op 

78 
79 

70' 

Days 

12 
18 
8 
19 

°  F. 

62 

Dec.  14,  1915 

Dec    16  1915 

52 
162 

Feb  9,  1916                                --     

Feb.  12,  1916 
do 

61 

Feb.  12,  1916 

53 

1  Approximately  52°  F.,  but  not  precisely  observed;  refrigerator  temperature  ranged  from  46°  to 
but  seldom  above  66°. 


Since  the  length  of  the  e,gg  stage  depends  largely,  if  not  entirely, 
upon  the  mean  temperature  at  which  the  hatching  is  done,  an  attempt 
was  made  to  estimate  this  length  by  comparing  the  results  shown  in 
Table  1  with  the  normal  temperatures  prevailing  at  Brownsville  in 
the  different  months  of  the  year.  In  Table  3  are  presented  the  mean 
temperatures  for  the  several  months  of  the  year,  together  with  the 
mean  maxima  and  minima,  and  highest  and  lowest  recorded  temper- 
ature for  each  month,  all  taken  from  the  published  climatological 
data  of  the  Weather  Bureau.^  The  various  temperatures  given  are 
results  of  observations  made  at  Brownsville  for  long  periods  of  time; 
60  years  for  the  monthly  mean  temperatures,  21  for  the  mean  maxi- 
mum and  minimum,  and  29  for  the  highest  and  lowest.  The  latest 
observations  included,  for  all  classes,  were  made  in  1920. 

For  the  months  of  December,  January,  and  February  the  mean 
temperatures  range  from  59.4°  to  62.9°  F.,  and  in  Table  1  it  is  shown 
that  with  mean  temperatures  ranging  from  59°  to  65°  the  average 
duration  of  the  egg  stage  ranges  from  7  to  1 1  days,  with  the  observed 
range  in  either  direction  slightly  exceeding  these  limits.  Apparently 
it  may  safely  be  assumed  that  at  Brownsville  in  the  three  months 
named  the  eggs  of  L. frugiperda  will  hatch  in  from  7  to  11  days  or 
possibly  longer.  In  March  the  normal  temperature  is  68.3°,  in  April, 
73.7°;  by  a  similar  process  of  reasoning  it  may  be  concluded  from 
data  in  Table  1  that  the  approximate  incubation  period  for  those 
months  is  from  4  to  6  days.  Normal  temperatures  are  highest,  and 
not  widely  different,  in  June,  July,  August,  and  September,  ranging 
from  80.5°  to  83.9°;  it  may  therefore  be  assumed  that  the  incubation 
period  will  be  about  2  days.  For  October  and  November  the  normal 
temperatures  are  74.6°  and  67.5°,  respectively,  and  the  period  of 
incubation  may  be  assumed  to  range  from  4  to  6  days. 

•United  States  Department  of  Agriculture,  Weather  Bureau,    summary  of  the  climato- 
logical DATA  for  the   UNITED  STATES  BY  SECTIONS.     SOUTHERN  TEXAS.      U.   S.  Dept.  Agr.,  Weather 

Bur.  Bui.  W,  ed.  2,  v.  1,  illus.,  1926.    (Reprint  Sect.  1.) 
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Table  3. — Average  monthly  and  annual  mean,  mean  maximum,  mean  minimum, 
and  highest  and  lowest  recorded  temperatures  at  Brownsville,  Tex. 


Month 

Mean 

Mean 
maxi- 
mum 

Mean 
mini- 
mum 

High- 
est 

Low- 
est 

Month 

Mean 

Mean 
maxi- 
mum 

Mean 
mini- 
mum 

High- 
est 

Low- 
est 

January 

February 

March 

Arnll 

59.4 
62.9 
68.3 
73.7 
78.6 
82.4 
83.8 

70.9 
72.6 
78.2 
83.1 
87.3 
91.8 
92.9 

op 

50.1 
52.3 
58.2 
64.1 
69.9 
73.5 
74.5 

"F. 

90 

94 

98 

100 

102 

103 

102 

•F. 
18 
12 
28 
37 
41 
56 
67 

August 

September 

October 

November 

December 

Annual 

83.9 
80.5 
74.6 
67.5 
61.5 
73.1 

•2^. 
94.1 
91.1 
85.7 
77.9 
71.2 
83.1 

op 

75.2 
71.8 
65.2 
58.1 
60.8 
63.6 

104 
102 
99 
98 
93 
104 

"F. 
63 
61 
38 
2« 

May 

16 

June 

July 

12 

DURATION  OF  THE  LARVAL  STAGE 

The  duration  of  the  larval  stage  was  ascertained  in  experiments 
on  six  lots  of  caterpillars,  each  lot  being  hatched  on  a  given  date. 
The  six  lots  totaled  767  caterpillars.  The  experiments  were  carried 
on  in  the  laboratory;  those  with  eggs  laid  in  June  and  July,  1913, 
by  O.  W.  Rosewall,  and  the  others  by  Felix  V.  Garcia.  The  result- 
ing pupae  were  about  equally  divided  between  the  sexes.  In  each 
experiment  the  females  pupated  about  one-half  day  earlier,  on  the 
average,  than  the  males.  The  results  of  these  experiments  are  pre- 
sented in  Table  4. 


Table  4. — Duration  of  larval  stage  of  Laphygma  frugiperda  as  related  to  attendant 
mean  temperatures,  observed  at  Brownsville,  Tex.,  in  the  years  1913  to  1916 


Date  of  hatching 

Last  date  of 

pupation 

for  lot 

Mean 
tempera- 
ture, 
hatching 
to  pupa- 
tion 

Number 
of  larvae 

Range  of 
larval 
period 

Average 
of  larval 
period 

Per  cent  of  larvae 
developing       in 
about  the  aver- 
age   number    of 
days 

June  16, 1913 

June  30, 1913 
July  29,1913 
Nov.  20, 1915 
Jan.     4, 1916 
Jan.    18,1916 
Jan.    31,1916 

op 

80 
82 
75 
68 
70 
68 

193 
226 
100 
100 
99 
49 

Days 
111^13 
11    -15H 
15    -20 
32    -41 
25    -35 
25    -29 

Days 
12 
12 
17 
35 
28 
26 

12  days,  57. 
11  to  13  days,  97. 
15  to  17  days,  76. 
32  to  36  days,  80. 

25  to  28  days,  77. 

26  to  27  days,  81. 

July  14, 1913    .  . 

Oct.  31, 1915 

Nov.  24, 1915 

Dec.  14, 1915 

Jan.  2,  1916     

Concerning  the  influence  of  temperature  on  the  duration  of  the 
larval  stage,  several  points  should  be  considered.  There  are  six 
instars  in  the  larval  stage  of  this  insect,  each  instar  being  divided  into 
two  periods,  an  active  feeding  period  and  a  resting  period  which  occurs 
before  each  molt.  Temperature  influences  the  length  of  the  inactive 
periods,  low  temperatures  prolonging  them.  During  the  active  periods 
a  supply  of  food  is  important,  but  the  length  of  these  periods  may 
also  be  influenced  by  temperature. 

The  data  of  Table  4  indicate  that  the  duration  of  the  larval  stage 
may  have  been  influenced  by  factors  other  than  temperature.  The 
facts  would  have  been  brought  out  more  clearly  if  the  observations 
had  included  the  durations  of  the  active  and  inactive  periods  of  each 
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instar,  and  if  care  had  been  taken  to  provide  a  continuous  supply  of 
food  for  all  active  larvae,  and  about  equal  humidity  for  all  molting 
larvae. 

At  mean  temperatures  of  80°  and  82°  F.  the  duration  of  the  larval 
stage  was  12  days;  this  is  probably  near  the  minimum  duration.  At 
a  mean  temperature  of  75°  the  duration  of  the  larval  stage  ranged 
from  15  to  20  days,  with  an  average  of  17  days.  At  a  mean  temper- 
ature of  70°  the  duration  of  the  larval  stage  ranged  from  25  to  35  days, 
with  an  average  of  28  days;  and  in  one  experiment  at  68°  the  average 
was  26  days.  Of  the  148  caterpillars  in  these  two  experiments  83  per 
cent  pupated  in  from  25  to  28  days.  This  is  probably  about  the 
usual  length  of  the  entire  larval  stage  at  mean  temperatures  of  68° 
to  70°. 

In  the  experiment  begun  November  24,  1915,  which  was  also  con- 
ducted at  a  mean  temperature  of  68°  F.,  the  duration  of  the  larval 
stage  ranged  from  32  to  41  days,  with  an  average  of  35  days.  No 
explanation  of  this  greater  number  of  days  is  apparent  from  the  rec- 
ords of  the  experiments. 

From  the  data  given  in  this  table  in  connection  with  the  monthly 
mean  temperatures  shown  in  Table  3,  it  seems  probable  that  the 
duration  of  the  larval  stage  at  Brownsville  from  April  to  October 
will  range  between  12  and  20  days,  and  will  be  about  12  days  during 
the  two  hottest  months  of  the  year — July  and  August.  In  the 
colder  months  of  the  year,  from  November  to  March,  the  duration 
of  the  larval  stage  ranges  from  25  to  41  days,  or  perhaps  more. 

DURATION  OF  THE  PUPAL  STAGE 

The  duration  of  the  pupal  stage  at  Brownsville  was  observed  for 
many  individual  pupae,  and  in  different  months  of  the  year.  In 
these  experiments  the  pupae  were  confined  in  4-ounce  tin  boxes,  as 
such  boxes  would  hold  a  large  number.  A  piece  of  wet  blotting  paper 
was  usually  placed  in  each  box,  as  excessive  dryness  seemed  to  retard 
the  emergence  of  the  moths. 

The  duration  of  the  pupal  stage,  from  pupation  to  emergence,  for 
two  pupae  in  December,  January,  and  February,  was  34  days,  at  61° 
F.,  which  is  near  the  normal  temperature  for  December  and  January 
at  Brownsville,  as  may  be  ascertained  by  a  little  consideration  of 
data  in  Table  3. 

Several  experiments,  presented  in  some  detail  in  Table  5,  were 
conducted  to  get  information  on  the  duration  of  the  pupal  stage  at 
temperatures  below  60°  F.  The  pupae  were  placed  in  tin  boxes, 
which  were  kept  in  an  ordinary  household  refrigerator.  The  greatest 
length  of  time  in  the  refrigerator  was  51  days,  at  56°,  for  pupae  which 
had  been  4  days  in  the  laboratory.  Unfortunately,  none  were  kept 
in  the  refrigerator  during  the  entire  length  of  the  pupal  period,  but 
the  experiments  show  that  the  pupae  will  live  at  temperatures 
between  52°  and  56°,  and  that  the  moths  will  emerge  at  these  tem- 
peratures; further,  that  the  duration  of  the  pupal  stage,  under 
conditions  encountered,  may  be  as  long  as  55  days. 
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Table  5. — Duration  of  pupal  stage  of  Laphygma  frugiperda  at  recorded  mean 
temperatures  of  laboratory  and  refrigerator,  observed  at  Brownsville,  Tex.,  between 
November  19,  1915,  and  February  25,  1916 


Date  of  pupation 

Date  pupae 
placed  in 
refrigerator 

Date  of  emer- 
gence of 
moths 

Num- 
ber of 
moths 

Time 
kept 
in  lab- 
oratory 

Mean 
tempera- 
ture of 
labora- 
tory 

Time 
kept  in 
refrigera- 
tor 

Mean 

tempera- 
ture « of 
refrigera- 
tor 

Nov.  19, 1915    

Nov.  30,  1915. 

do 

do 

do 

do 

do 

do 

do 

do 

Feb.  29, 1916.. 
do 

Dea  16, 1915.. 
Dec.  20, 1915. - 
Dec.  21, 1915.  . 
Dec.  24, 1915.. 
Dec.  21, 1915.. 
Dec.  23, 1915.. 
Dec.  24, 1915.. 
Dec.  25, 1915.. 
Dec.  31,1915-. 
Apr.  17, 1916.. 
Apr.  20, 1916.. 

1 
1 
} 

3 
2 

Days 
11 
11 
11 
11 
8 
8 
8 
8 
8 

A, 

op 

66 
66 
66 
66 
66 
66 
66 
66 
66 
74 
74 

Dayt 
16 
20 
21 
24 
21 
23 
24 
25 
31 
48 
61 

52 

Do 

Do 

Do 

Nov.  22,  1915 

Do 

Do 

Do 

Do 

Feb.  25, 1916 

52 
62 
62 
62 
62 
62 
62 
62 
66 
66 

1 

4 

>  The  temperature  in  the  refrigerator  ranged  from  46°  to  60°  F„  but  was  seldom  above  66° 
temperature  was  not  precisely  ascertained  during  December,  but  was  near  52°. 


The  mean 


It  had  been  observed  in  experiments  on  pupation  that  of  specimens 
of  both  sexes  pupating  at  the  same  time  the  females  frequently  emerged 
a  day  or  so  earlier  than  the  males;  accordingly,  pupae  of  the  respec- 
tive sexes  were  separately  observed,  some  in  the  laboratory  and  some 
in  the  insectary,  with  results  presented  in  Table  6.  In  all,  records  of 
874  pupae^9-re  there  summarized,  the  average  length  of  pupation  of 
each  lot  being  given,  and  averages  of  the  daily  mean  temperatures  in 
the  several  cases.  In  a  few  instances,  to  show  the  average  range  of 
temperature  of  a  lot,  the  average  maximum  and  average  minimum 
temperatures  of  a  lot  are  given.  In  the  insectary  the  average  range 
of  temperature  was  high,  being  about  20°;  in  the  laboratory  it  was 
only  from  4°  to  8°.  Besides  the  average  length  of  pupation  for  each 
lot,  the  maximum  and  minimum  are  given  in  most  cases.  The  several 
observers  by  whom  the  records  were  made  are  named  in  a  footnote. 


Table  6. — Duration  of  pupal  stage  of  Laphygma  frugiperda,  at  recorded  mean 
temperatures  of  laboratory  or  insectary,  observed  at  Brownsville,  Tex.,  1913-1916, 
{summary  of  observations  on  874  individual  pupae) 


Average  temperature 

Male  pupae 

Female  pupae 

Mean 

Maxi- 
mum 

Min- 
mum 

Individ- 
uals 

Range  of 

duration  of 

period 

Average 

duration  of 

period 

Individ- 
uals 

Range  of 

duration  of 

period 

Average 

duration  of 

period 

»65 
<66 

°F. 
76 
68 

55 

Number 
2 

Days 
31 

Days 
31 

Number 

7 

3 

74 

43 

3 

Days 
31-32 
19-21 
16-23 
17-21 
17-21 

Days 

31H 
20 

*66 

28 
67 
9 
16 
13 

18  -23 
17    -22 

19  -22 
17    -21 
16    -18 

21 

19 
17 

18H 

»67 

184 

>68 

18 

>69 

»70 

»71 

73 

67 

13 

18 
2 

16-16 

14-15 

14 

16 
14 

172 
172 

74 
82 
82 

69 
63 

78 

1 
8 
13 
99 
50 
115 

14 
17 
8    -lOH 

6    -10 

14 
17 

9 

8 

7.2 

14 

«80 
«81 

22 
94 
63 
111 

7-10 
7-8^ 

8 

7H 

•84h 
«83M 

86H 

82 

6^7 
6.3 

1  Observed  by  C.  L.  Scott,  In  insectary,  January  and  February,  1914. 

*  Observed  by  F.  V.  Garcia,  in  laboratory,  at  intervals  from  Nov.  17,  1916,  to  Feb.  21,  1918. 
» Observed  by  R.  A.  Vickery,  in  laboratory,  from  May  30  to  June  10,  1914. 

*  Observed  by  O.  W.  Rosewald,  in  laboratory,  from  June  28  to  July  8,  1913. 
» Observed  by  C.  L.  Scott,  in  laboratory,  from  June  29  to  July  14, 1914. 
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The  experiments  considered  in  the  preceding  paragraph  concern 
the  duration  of  the  pupal  stage  when  the  pupae  are  confined  in  a 
humid  atmosphere  within  tin  boxes  kept  in  the  laboratory  or  the 
insectary.  Under  natural  conditions  pupation  occurs  in  the  soil, 
which  has  a  rather  uniform  temperature.  But  the  temperature  of  the 
soil  1  or  2  inches  beneath  the  surface  would  depend  on  the  amount  of 
sunlight  received  at  that  point.  As  pupation  usually  occurs  in  soil 
that  is  shaded  by  vegetation,  it  is  probable  that  the  average  pupa 
which  produces  a  moth  is  subject  to  temperatures  not  far  from  the 
mean  temperatures  in  the  shade  for  the  duration  of  the  pupal  period. 

Considering  the  data  given  in  Tables  5  and  6  in  connection  with 
the  monthly  mean  temperatures  at  Brownsville,  to  be  found  in  Table 
3,  the  following  conclusions  are  reached  concerning  the  duration  of  the 
pupal  stage  in  each  month  of  the  year  at  that  locality:  The  stage 
ranges  from  7  days  in  summer  to  34  or  more  in  the  winter.  In  July 
and  August  it  would  be  about  7  days;  in  May  and  September,  from 
8  to  9  days;  in  April  and  October,  about  14  days;  in  March  and 
November,  from  18  to  30  days;  in  December,  January,  and  February 
from  31  to  34  days,  or  more. 

NUMBER  OF  GENERATIONS  DURING  THE  YEAR 

No  definite  number  of  generations  of  LapJiygma  frugiperda  can  be 
observed  in  the  field  at  Brownsville,  as  all  stages  of  the  insect  can  be 
found  at  any  time.  From  the  tables  on  the  duration  of  the  egg, 
larval,  and  pupal  stages  the  approximate  length  of  the  generations  for 
the  different  seasons  can  be  calculated  and  the  probable  number  of 
generations  during  a  year  estimated. 

During  the  hot  months.  May,  June,  July,  August,  and  September, 
at  Brownsville  the  monthly  normal  mean  temperatures  (Table  3)  range 
between  79°  and  84"^  F.  At  these  temperatures  the  length  of  the  egg 
stage  is  from  2  to  3  days,  that  of  the  larval  stage  from  11  to  13  days, 
and  that  of  the  pupal  stage  from  7  to  9  days,  a  total  of  20  to  25  days, 
to  which  should  be  added  3  days  of  the  adult  stage  which  intervene 
before  eggs  are  laid.  This  makes  23  to  28  days  from  the  time  eggs 
are  laid  by  moths  of  one  generation  to  the  time  eggs  are  laid  by  moths 
of  the  next  generation,  and  about  six  generations  could  be  completed 
during  these  months. 

In  March  and  April  and  in  October  and  November  the  monthly 
normal  mean  temperatures  range  from  68°  to  74°  F.,  and  the  dura- 
tion of  the  different  stages  varies  considerably  at  these  temperatures. 
The  length  of  the  egg  stage  ranges  from  4  to  6  days,  that  of  the  larval 
stage  from  17  to  35  days,  and  that  of  the  pupal  stage  from  14  to  18 
days.  From  these  figures  it  appears  that  the  length  of  a  generation 
might  range  during  these  months  from  38  to  62  days,  and  that 
from  one  to  one  and  one-half  generations  could  be  completed  during 
October  and  November,  and  the  same  number  during  March  and  April. 

During  the  winter  months  the  normal  monthly  mean  temperatures 
range  from  59°  to  63°  F.,  and  at  these  temperatures  the  length  of  the 
egg  stage  is  from  8  to  12  days,  the  larval  stage  41  days  or  more,  and 
the  pupal  stage  about  34  days.  The  total  length  of  a  generation  at 
these  temperatures  appears  to  be  between  80  and  90  days,  and  only 
one  generation  could  be  completed  during  the  cold  months. 

From  the  previous  paragraphs  it  appears  that  the  total  number  of 
generations  during  the  year  at  Brownsville  ranges  from  9  to  1 1 .   There 
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are  probably  never  less  than  9  generations,  and  it  is  doubtful  if  more 
than  11  could  be  completed,  even  in  favorable  years. 

PARASITES  OF  LAPHYGMA  FRUGIPERDA 

THE  PARASITISM  AS  OBSERVED  AT  BROWNSVILLE 

Early  in  the  study  of  Laphygma  frugiperda  at  Brownsville  it  was 
observed  that  this  species  is  sometimes  destroyed  in  large  numbers 
by  parasites.  Accordingly,  studies  on  the  life  history  and  habits  of 
the  parasites  were  undertaken,  and  numerous  collections  of  larvae 
were  made  in  order  to  determine  the  percentage  of  parasitism  and 
to  ascertain  which  species  of  parasites  were  effective. 

Egg  masses  were  collected  at  various  times  for  the  purpose  of 
rearing  true  egg  parasites,  but  none  were  reared.  Probably  the 
deposition  of  down  on  the  egg  mass  by  the  moth  largely  protects  the 
eggs  from  parasites.  The  collections  of  eggs,  however,  were  not 
numerous  enough  to  warrant  the  statement  that  Laphygma  eggs  are 
not  parasitized  at  Brownsville.  The  most  common  parasite  of  La- 
phygma at  Brownsville,  Chelonus  texanus,  oviposits  in  the  egg  but 
the  adult  emerges  from  the  larva  and  not  from  the  egg.  C.  L.  Scott 
observed  an  adult  lady  beetle,  Ceratomegilla  juscUahris  (Muls.)  eating 
eggs  of  Laphygma,  and  there  may  be  other  predacious  insects  that 
feed  on  the  eggs. 

Archyias  piliventris  attacks  the  larva,  but  emerges  from  the  pupa. 
This  species  was  reared  in  large  numbers  from  the  collections  of  cat- 
erpillars. There  also  may  be  parasites  that  oviposit  in  the  pupae, 
but  no  collections  of  pupae  were  made,  and  no  information  was 
acquired  on  this  point. 

Caterpillars  to  the  number  of  16,162  were  collected  in  the  years 
1911  to  1916,  inclusive.  The  most  extensive  collections  were  made 
in  1913  and  1914,  about  12,000  specimens  being  taken  during  those 
two  years.  Only  259  caterpillars  were  collected  in  1911  and  82  in 
1912. 

The  work  of  rearing  these  caterpillars  is  tedious,  because  it  is  nec- 
essary to  take  precautions  both  to  prevent  them  from  killing  one 
another  and  to  prevent  the  spread  of  disease  among  them.  It  is  also 
necessary  to  free  their  food  from  tachinid  larvae.  When  brought  to 
the  laboratory  the  caterpillars  were  separated  roughly  into  two  lots ; 
small  caterpillars,  of  the  fourth  instar  and  under,  most  of  them  being 
in  the  third  and  fourth,  and  large  caterpillars,  of  the  fifth  and  sixth 
instars.  Those  of  each  lot  were  isolated  in  1 -ounce  tin  boxes,  and 
fed  on  corn  leaves  which  had  been  wiped  with  a  cloth  to  remove  the 
larvae  of  the  tachinid  parasite  Archytas  piliventris.  The  boxes  were 
sterilized  by  dr^^  heat  m  an  oven  over  a  gasoline  stove.  The  para- 
sites of  each  lot  were  reared  and  identified.^  The  results  of  these 
roarings  are  presented  in  Tables  7  and  8,  the  numbers  of  host  larvae 
destroyed  by  the  several  parasites,  and  those  which  otherwise  failed 
to  reach  maturity,  being  arranged  by  months  to  show  the  relative 
abundance  of  each  species  of  parasite  in  the  course  of  the  different 
months  when  the  host  larvae  were  collected. 

•  The  writer  Is  indebted  to  R.  A.  Cushman  and  A.  B.  Gahan  for  identifications  of  the  Hymenoptera, 
and  to  W.  R.  Walton  for  identifications  of  the  Diptera. 
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Table  7. — Larvae  of  Laphygma  frugiperda  killed  by  certain  parasites  reared  from 
them  at  Brownsville,  Tex.,  March  14,  1911,  to  June  16,  1916 

[Summary  of  collections  of  larvae  of  the  fourth  instar  and  under,  arranged  according  to  the  months  in 

which  the  collections  were  made] 
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Table  8. — Larvae  of  Laphygma  frugiperda,  killed  hy  certain  parasites  reared  from 
them  at  Brownsville,  Tex.,  March  14,  1911,  to  June  16,  1916 

[(Summary  of  collections  of  large  larvae,  fifth  and  sixth  instars  arranged  according  to  the  months  in  which 

the  collections  were  made] 
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The  results  of  the  rearings  of  parasites  from  small  larvae,  of  which 
9,041  were  collected,  are  presented  in  Table  7.  Nine  species  of 
Hymenoptera  were  reared,  of  which  five  were  of  the  family  Braconi- 
dae,  three  of  the  family  Ichneumonidae  (subfamily  Ophioninae),  and 
one  species  of  the  family  Eulophidae;  there  were  two  species  of  Dip- 
tera  of  the  family  Tachinidae,  and  one  common  fungous  disease, 
Beauveria  glohvlijera.  About  13  per  cent  of  the  larvae  died  from 
undetermined  causes,  classified  in  Table  7  as  injury  or  disease.  Some 
of  these  mav  have  been  parasitized,  but  they  were  not  dissected  to 
determine  this  point.  As  already  stated,  Chelonus  texanus  oviposits 
in  the  egg  and  is  the  most  important  parasite  of  Laphygma  at  Browns- 
ville, as  it  destroyed  33  per  cent  of  all  the  small  caterpillars;  this  is 
more  than  the  total  destroyed  by  all  of  the  other  species.  Next  in 
importance  to  Chelonus  is  Meteorus  lapJiygmae,  which  destroyed  3 
per  cent  of  the  caterpillars.  Sagaritis  duhitatus  also  was  of  some 
importance  during  April  and  May.  None  of  the  other  species  appear 
to  be  important,  so  far  as  these  four  instars  are  concerned.  Three 
species,  OpMon  hilineatus,  Eupledrus  platyJiypenae,  and  Archytas  pili- 
ventris,  attack  larger  larvae  (Table  8),  and  their  true  status  is  not 
shown  by  Table  7. 

The  results  of  the  rearings  of  parasites  from  large  caterpillars  are 
summarized  in  Table  8.  Of  the  fifth  and  sixth  instars  7,121  cater- 
pillars were  collected,  and  from  these  were  reared  four  species  of 
Hymenoptera,  of  which  two  were  of  the  family  Braconidae,  one  of  the 
family  Ichneumonidae  (subfamily  Ophioninae),  and  one  of  the  family 
Eulophidae;  and  two  species  of  Diptera  of  the  family  Tachinidae. 
The  fungus  Beauveria  glohulifera  also  infested  these  caterpillars. 
About  13  per  cent  of  the  large  caterpillars  died  from  undetermined 
causes  classified  as  injury  and  disease.  Meteorus  lapJiygmae  destroyed 
about  the  same  percentage  of  large  caterpillars  (Table  7)  as  of  cater- 
pillars of  the  earlier  instars.  As  it  oviposits  in  larvae  of  the  first  or 
second  instar  and  emerges  from  the  caterpillars  of  the  fifth  instar,  the 
percentage  of  larvae  listed  as  killed  in  Table  7  should  be  about  the 
same  as  the  percentage  listed  as  killed  in  Table  8.  Nothing  was 
learned  about  Zele  melleus  or  Frontina  archippivora.  The  other  species, 
Ophion  hilineatuSj  Eupledrus  platyhypenae,  and  Archytas  piliventris, 
attack  large  larvae  and  are  important  because  they  destroy  some  of 
the  caterpillars  that  escape  the  parasites  listed  in  Table  7.  Of  the 
three  last-mentioned  parasites  A.  piliventris  is  the  most  important,  as 
it  destroyed  about  10  per  cent  of  all  of  the  large  caterpillars,  or  more 
than  the  total  destroyed  by  the  other  five  species  listed  in  Table  8. 

In  order  to  make  clear  the  relative  importance  of  the  parasites, 
the  writer  has  prepared  Table  9  from  the  data  contained  in  Tables  7 
and  8.  Three  columns,  derived  from  Table  7,  compare  the  percentages 
of  larvae  destroyed  by  Chelonus  texanus  and  Meteorus  laphygmae,  and 
the  percentages  destroyed  by  a  group  of  five  other  parasites,  Sagaritis 
duhitatus,  Apanteles  marginiventris,  Rogas  laphygmae,  Neopristomerus 
appalachianus ,  and  Zele  melleus  combined.  These  parasites  all  attack 
the  early  stages,  and  all  except  Meteorus  and  Chelonus  emerge  from 
the  host  before  it  reaches  the  fifth  instar.  The  percentages  in  these 
three  columns  are  totaled  in  column  5.  In  columns  6,  7,  and  8  are 
given  the  percentages  of  larvae  destroyed  by  the  three  species  which 
attack  the  later  instars  of  the  host.  In  experiments  on  life  history 
66049—29 3 


18 


Ophion  oviposited  in  small  caterpillars  of  the  second,  third,  and 
fourth  instars,  but  very  few  specimens  were  reared  from  the  small 
caterpillars  collected;  and  because  it  emerges  from  the  sixth  instar 
the  percentage  of  larvae  it  destroyed  is  included  with  the  percentages 
destroyed  by  parasites  attacking  larvae  in  the  later  instars.  The 
percentages  under  these  three  species  were  derived  from  data  in 
Table  8  and  are  totaled  in  column  9.  Column  10  shows  the  total 
percentage  of  parasitism  to  which  the  species  might  be  subject  in  any 
cornfield,  based  on  a  percentage  of  the  total  number  of  caterpillars 
hatching  from  the  eggs. 

Table  9. — Percentages  of  larvae  of  Laphygma  frugiperda  destroyed  by  several  named 
species  of  parasites,  and  the  total  percentage  of  larvae  that  may  be  destroyed  by 
parasites 


Larvae  of  first  four  instars  destroyed 
by  parasites  named 

Larvae  of  fifth  and  sixth  instars 
destroyed  by  parasites  named 

1 

Month  in  which 
larvae  were  collected 

CO 

a 

03 

^ 
■§ 

o 

h 

'h 

I'i 

> 

s 

o 

en 

>> 

cgHJ 

1 

1 

i 

a 

g 

o 

l> 

1 
< 

1 

La 
11 

> 

January 

Per  cent 
5 

25 
10 
27 
43 
71 
49 
40 
27 
19 
2 

Per  cent 
1 

Per  cent 
2 
1 
22 
15 
3 
2 

Per  cent 
8 
26 
37 
45 
47 
74 
49 
44 
34 
28 
8 

Per  cent 

Per  cent 
2 

Per  cent 
1 

17 
19 
10 
11 

Per  cent 
3 
17 
24 
18 
14 
2 

Pet  cent 
11 

March 

39 

April 

5 
3 

1 
1 

4 
8 
2 
2 

1 

52 

May. 

56 

June 

1 

54 

July 

75 

August 

49 

September.    

2 
6 

7 
2 

2 
1 

2 
4 

3 
4 

4 
12 
12 

4 

7 
16 
13 

4 

48 

October 

45 

November 

37 

December 

12 

iThis  column  shows  the  total  percentage  of  larvae  destroyed  in  each  month  by  the  parasites  Sagaritis 
dubitatus,  Apanteleles  marginiventris,  Rogas  laphygmae,  Neopristomerus  appalachianus,  and  Zele  melleus. 

As  shown  in  the  fifth  column  of  Table  9,  the  proportion  of  larvae 
of  the  first  four  instars  destroyed  in  the  winter  months  is  small,  being 
about  8  per  cent,  whereas  in  March  it  is  26  per  cent,  and  from  that 
time  it  increases  gradually  as  the  weather  becomes  warmer,  until  it 
reaches  74  per  cent,  in  July;  it  then  decreases  until  it  reaches  28  per 
cent,  in  November.  This  seasonal  variation  seems  to  be  due  to  Che- 
lonus  texanus,  which  is  numerous  during  June,  July,  August,  and 
September.  The  activity  of  Chelonus  appears  to  be  reduced  in  April 
and  May,  but  during  these  months  there  is  a  corresponding  increase 
in  the  percentages  for  the  aggregate  of  the  five  parasites  shown  in  the 
fourth  column,  which  indicates  a  possible  conflict  between  some  of 
these  species  and  Chelonus.  The  fact  that  these  parasites,  especially 
Chelonus,  destroy  a  rather  large  percentage,  28  to  47,  of  these  cater- 
pillars in  April,  May,  and  June,  and  in  September,  October,  and 
November,  the  months  in  which  corn  is  attacked  at  Brownsville,  is 
of  importance,  as  this  percentage  of  parasitism  may  be  sufficient  to 
prevent  excessive  injury  to  the  corn  crop. 
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The  next  to  the  last  column  of  Table  9  shows  the  percentage  of 
large  larvae  destroyed  by  Eupledrus  pJatyhypenae,  Ophion  hilineatusj 
and  Archytas  piliventris.  This  column  shows  important  percentages 
for  March,  April,  May,  June,  October,  and  November,  which  are  the 
months  during  which  young  corn  1  to  4  feet  high  may  be  found  in 
the  field.  But  as  caterpillars  infested  with  these  parasites  reach  a 
large  size,  those  attacked  by  Archytas  and  Ophion  being  able  to  com- 
plete six  instars,  they  continue  feeding  voraciously  on  the  plants; 
the  attack  of  the  parasites  therefore  affords  little  protection  to  the 
corn  plants,  although  the  number  of  moths  that  may  subsequently 
emerge  is  reduced. 

The  last  column  of  Table  9  shows  the  total  percentage  of  caterpil- 
lars that  may  be  destroyed  by  all  of  the  parasites  listed.  The  percent- 
ages in  that  column  are  obtained  for  each  month  by  subtracting  the 
number  in  the  fifth  column  from  100,  multiplying  the  remainder  by 
the  percentage  in  the  next  to  the  last  column,  and  adding  this  per- 
centage to  the  percentage  in  the  fifth  column.  The  percentage  of 
larvae  destroyed  by  all  parasites  as  shown  in  the  last  column  is  low- 
est in  the  winter  and  highest  in  July;  it  increases  from  about  11  per 
cent  in  January  to  75  per  cent  in  July,  after  which  it  decreases, 
reaching  12  per  cent  in  December.  These  percentages  are  due  prin- 
cipally to  Chelonus,  except  in  April  and  May,  when  Archytas  and 
other  species  destroy  more  than  50  per  cent  of  the  parasitized 
caterpillars. 

PARASITES  IN  TEXAS,  OKLAHOMA,  KANSAS,  LOUISIANA,  AND 

ARKANSAS 

In  addition  to  the  collections  made  in  the  vicinity  of  Brownsville 
3,424  caterpillars  were  collected  in  other  parts  of  Texas  and  in  other 
States  and  sent  to  Brownsville  so  that  their  parasites  might  be  reared. 
The  numbers  of  parasites  reared  from  the  larvae  found  in  each  locality, 
with  the  number,  in  a  single  instance,  of  larvae  killed  by  the  fungus 
Beauveria  glohvlifera,  and  the  additional  numbers  of  larvae  that  died 
of  injury  or  disease,  are  presented  in  Table  10.  Most  of  the  cater- 
pillars were  collected  in  Texas,  especially  along  the  Gulf  coast,  but 
a  few  were  taken  in  Oklahoma,  Kansas,  Louisiana,  and  Arkansas. 
Chelonus  texanus  appears  to  be  the  most  important  of  the  Laphygma 
parasites  in  other  parts  of  Texas,  as  well  as  at  Brownsville.  Of  the 
other  parasites  that  attack  the  early  stages  of  the  host  Apanteles 
marginiventris  and  Neopristomerus  appalachianus  were  the  only  species 
commonly  reared.  Ophion  hilineatus  was  reared  in  comparatively 
large  numbers  from  collections  made  along  the  Gulf  coast,  and  appears 
to  be  more  important  in  some  localities  than  it  is  around  Brownsville. 
Archytas  piliventris  from  only  three  localities  along  the  Gulf  coast 
was  reared,  and  it  may  not  be  widely  distributed  or  so  important  in 
other  localities  as  it  is  in  the  Brownsville  section. 

These  collections  do  not  reveal  any  parasites  of  Laphygma  not 
found  at  Brownsville,  and  the  list  contains  all  of  the  parasites  of  this 
species  known  to  be  in  that  locality.  To  obtain  more  accurate  infor- 
mation as  to  the  relative  importance  of  these  parasites  elsewhere  than 
in  Brownsville  it  would  be  necessary  to  make  more  numerous  collec- 
tions in  each  locality  during  each  month  and  so  ascertain  the  seasonal 
occurrence  of  the  various  species. 
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Table  10. — Parasites  reared  from  larvae  of  Laphygma  frugiperda,  collected  at  points 
in  Texas  outside  the  lower  Rio  Grande  Valley,  and  in  Louisiana,  Arkansas,  Okla- 
homa, and  Kansas.  {Collections  made  during  1912,  1914,  1915,  and  1916,  and 
reared  at  Brownsville,  Tex.) 


1 

1 

> 

Larvae  killed  by  the  parasites  named 

.2 
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„  bo 

II 
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Hymenoptera 
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Locality  in  which  larvae 
were  collected 
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d 

03 
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C3 
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1 

Apanteles  margini- 

ventris  (Cresson) 

Euplectrus    platyhy- 

penae  Howard 
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No. 
Kingsville,  Tex -J      40 

No. 

No. 

No. 

No. 
3 

No. 

No. 

No. 

iVo.  iVo. 

No.\no. 

No. 

3 

1 
13 
72 
106 
18 
29 

3 
85 

2 
92 
21 

6 
29 

3 

217 

14 

15 

22 

7 

2 

10 

203 

6 

1 

NO. 

iVo. 
2 

No. 
35 

Odem,  Tex 1    274 

1 

...J.... 

273 

Taft,  Tex '      38 

13 
32 

57 
17 
28 

1 

— .L... 

!       " 

VS.'. 

3 
41 
47 
3 
9 
3 
10 
2 

22 

Beeville,  Tex i    339 

4 

28 
30 

1 

7 

226 

Victoria.  Tex '    421 

12 

_     1 

2 

268 

Cuero,  Tex •      51 

- 

30 

Yoakum,  Tex <      93 

55 

Bay  City,  Tex... '      27 

i 

...    "" 

21 

Brazoria,  Tex 485 

385 

Wharton,  Tex '      66 

"" 

62 

Sugarland,  Tex... 134 

........ 

'  ■ 

8 

42 

Beaumont,  Tex 41 

21 

1 

24 

20 

College  Station,  Tex 114 

1 
3 
3 
4 

.... 

7 

101 

Whittaker,  Tex 1      57 

.... 

28 

Kyle,  Tex 35 

— 

3 
49 

29 

Waco,  Tex \    539 

212 
14 
13 
22 

273 

Ennis,  Tex '      30 

16 

Dallas,  Tex i      50 

1 

2 

""" 

11 
5 
6 

24 

Van  Alstyne,  Tex. :      61 

1 

34 

Sulphur  Springs,  Okla '     100 

10 

1 
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Wellington,  Kans 21 

1 

19 

Hunnewell,  Kans  j      36 

26 

Shreveport,  La |    345 

191 
5 

1 

2       1 

124 

18 

Morrilton,  Ark i      24 

18 

Texarkana,  Ark... i        3 

2 

Total 

1 

3,424 

651 

8 

1 

36 

6 

228 

27 

2 

1 

2 

18 

980 

6   325 

2,114 

OUTLINE  OF  PARASITISM 


The  following  outline  has  been  prepared  to  aid  the  reader  in  under- 
standing the  relationships  of  the  primary  and  secondary  parasites  to 
each  other  and  to  the  host. 


HYMENOPTERA 


PRIMARY  PARASITES 


Ovipositing  in  the  egg: 

Chelonus  texanus  Cresson.     Emerges  from  fifth-instar  larvae.'' 
Ovipositing  in  first-instar  caterpillars : 

Apanteles  marginiventris  (Cresson).     Emerges  from  fourth-instar 
larvae. 
Ovipositing  in  first-instar  or  second-instar  caterpillars: 

Meteorus  lapJiygmae  Viereck.     Emerges  from  fifth-instar  larvae. 

Rogas  lapJiygmae  Viereck.     Emerges  from  fourth-instar  larvae. 


'  The  stage  in  which  infested  caterpillars  die  was  not  worked  out  by  counting  the  number  of  molts. 
It  was  decided  for  each  species  of  parasite  on  the  appearance  of  the  caterpillar  and  by  the  head  measure- 
ments.   Infested  larvae  are  smaller  and  have  narrower  heads  than  normal  larvae  of  the  same  age. 
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Ovipositing  in  first-instar  or  second-instar  caterpillars — Contd. 

Zele   melleus  Cresson   (Cresson).®     Enierges  from  fourth-instar 
larvae. 

Sagaritis  dubitatus  (Cresson) .     Emerges  from f ourth-instarlarvae. 

Neopristomerus  appalachianus  Viereck.®     Emerges  from  fourth- 
instar  larvae. 
Ovipositing  on  or  in  large  caterpillars : 

Ophion  hilineatus  Say.     Emerges  from  sixth-instar  larvae. 

Euplectrus  platyhijpenae   Howard.     An   external   parasite  that 
destroys  caterpillars  of  the  fourth,  fifth  or  sixth  instar. 

SECONDARY  PARASITES 

Spilochalcis  pollens  (Cresson).     Reared  from  Meteorus  lapTiygmae 

and  Rogas  laphygmae. 
Spilochalcis  torvina  (Cresson) .     Reared  from  M.  laphygmae. 
Dihrachys  meteori  Gahan.     Reared  from  M.  laphygmae,  Sagaritis 

dubitatus,  and  R.  laphygmae. 
A  species  of  Eupteromalus.     Reared  from  S.  dubitatus. 
Eupelminus  meteori  Gahan.     Reared  from  M.  laphygmae. 
Tetrastichus  euplectri  Gahan.     Reared  from  Euplectrus  platyhypenae. 
Tetrastichus  dolosus  Gahan.     Reared  from  E.  platyhypenae. 
A  species  of  Hemiteles.     Reared  from  M.  laphygmae,  R.  laphygmae, 

S.  dubitatus,  and  Apanteles  marginiventris. 
A  species  of  Mesochorus.     Reared  from  M.  laphygmae. 
Myrmicomorpha  perniciosa  Viereck.     Reared  from  M.  laphygmae 

and  R.  laphygmae. 

DIPTERA 

Emerging  from  large  caterpillars  (fifth  or  sixth  instar) : 

Frontina  archippivora  Scudder. 
Emerging  from  the  pupa: 

Archytas  piliventris  Van  der  Wulp. 

FUNGI 

Beauveria  globulifera. 

CHELONUS  TEXANUS  CRESSON' 

The  parasite  Chelonus  texanus,  as  has  been  indicated  in  Table  7, 
was  reared  from  33  per  cent  of  all  the  small  caterpillars  collected  in 
the  vicinity  of  Brownsville.  This  figure  probably  approximates  the 
average  percentage  of  caterpillars  parasitized  by  it,  as  the  collections 
were  numerous  and  were  made  in  the  course  of  several  years  in  vari- 
ous localities  within  60  miles  of  Brownsville.  It  appeared  to  be  most 
effective  in  July  and  August,  infesting  approximately  65  per  cent  of 
all  the  small  caterpillars  collected  in  those  two  months. 

DISTRIBUTION 

Chelonus  texanus  is  the  most  important  parasite  of  Laphygma 
jrugiperda  in  the  Gulf  Coast  States.  It  was  reared  at  Brownsville 
from  caterpillars  collected  by  members  of  the  staff  of  the  Brownsville 
field  station  (Table  10)  at  Taft,  Beeville,  Victoria,  Cuero,  Yoakum, 
Bay  City,  Beaumont,  College  Station,  Whittaker,  Waco,  Ennis,  Dallas, 
and  Van  Alstyne,  Tex.;  Shreveport,  La.;  and  Morrilton,  Ark.     It 

•  Oviposition  by  Zele  and  Neopristomerus  was  not  observed  by  the  writer. 

•  A  solitary  endoparasite,  Uymenoptera,  Braconidae. 
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appears  to  be  as  effective  in  some  of  these  localities  as  it  is  at  Browns- 
ville, 40  per  cent  of  the  caterpillars  collected  at  Waco,  and  55  per 
cent  of  those  collected  at  Shreveport  being  infested  by  this  parasite. 

OVIPOSITION 

The  female  of  Chelonus  texanus  oviposits  in  the  egg  of  its  host.^° 
This  fact  was  first  called  to  the  writer's  attention  by  T.  E.  Hollo- 
way,  who  observed  the  species  ovipositing  in  eggs  of  Heliothis  ohsoleta 
on  corn  at  Brownsville  in  the  spring  of  1912.  During  May,  1912, 
the  writer  observed  oviposition  in  the  eggs  of  LapJiygmaJrugiperda 
on  corn  in  the  field.  At  Brownsville  this  species  had  frequently  been 
reared  from  Laphygma,  but  no  clue  to  its  life  history  had  been 
obtained  previous  to  Mr.  Holloway's  observations. 

These  parasites,  when  placed  in  breeding  cages  with  egg  masses, 
soon  find  the  eggs  and  begin  ovipositing.  The  writer  observed  one 
caged  female  which  spent  an  hour  on  one  egg  mass.  She  worked 
over  the  egg  mass  apparently  at  random  from  one  side  to  the  other 
and  back  again,  skipping  some  of  the  eggs,  and  thrusting  her  ovipos- 
itor between  the  eggs  of  the  upper  layer  in  order  to  reach  those  of 
the  lower.  She  oviposited  directly  in  the  egg,  the  oviposition  for 
each  egg  occupying  about  four  seconds. 

THE  LARVAL  STAGE 

The  length  of  the  incubation  period  was  not  ascertained.  The 
length  of  time  that  elapsed  from  oviposition  to  the  spinning  of  the 
cocoon  (Table  11)  ranged  from  11  days,  in  August,  to  22  days,  in 
October.  From  the  date  of  the  first  observed  oviposition,  August  7, 
to  the  spinning  of  two  cocoons  on  September  11,  an  interval  for  which 
the  mean  temperature  was  83°  F.,  the  average  time  from  the  oviposi- 
tion to  the  spinning  wa^  13  days,  the  separate  times  being  11  days 
for  two  cocoons,  13  days  for  seven,  and  16  days  for  two.  At  a  mean 
temperature  of  78°  the  time  so  elapsing  was  13  days  for  15  cocoons 
and  18  days  for  18  cocoons,  the  average  being  about  15}^  days.  Two 
cocoons  were  spun  on  October  31,  22  days  after  oviposition,  the  mean 
temperature  during  that  interval  being  71°. 

Table  11. — Interval  of  time  from  oviposition  to  the  spinning  of  the  cocoon  of  Chelonus 
texanus,  at  Brownsville,  Tex.,  August  to  October,  1913^ 


Date  of 
oviposition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

Date  of 
oviposition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

Aug.  7. 

Aug.  18 
Aug.  26 
Sept.    8 
Sept.  11 

1 
1 
7 
2 

Days 
11 
11 
13 
16 

op 

84 
83 
83 
-83 

Sept.  9 

Do.  . 

Sept.  22 
Sept.  27 
Oct.   31 

15 
18 
2 

Days 
13 
18 
22 

78 

Aug.  15-. 

78 

Aug.  26 

Oct.  9 

71 

Do 

"These  data  are  tabulated  from  experiments  by  C.  L.  Scott  and  E.  G.  Smyth. 

10  Pierce,  W.  D.,  and  Holloway,  T.  E.    notes  on  the  biology  of  chelonus  texanus  cress.    Jour. 
Econ.  Ent.  5:425-428.     1912. 
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METHOD   OF   SPINNING   THE    COCOON 

The  cocoons  were  not  observed  in  the  field,  but  it  is  probable  that 
they  are  built  within  a  cell  in  the  soil.  In  large  cages  with  soil  in 
the  bottom  the  infested  caterpillars  of  the  fifth  instar"  leave  their 
host  plant  and  enter  the  soil,  where  they  form  a  cell  as  if  they  were 
preparing  to  pupate.  When  the  infested  larvae  are  kept  in  tin  boxes 
they  form  the  cell  by  fastening  together  leaves  or  trash  with  silk 
threads. 

The  Chelonus  larva  emerges  within  this  cell  and  builds  its  cocoon. 
It  can  not  complete  its  cocoon  unless  it  is  inclosed  in  a  cell.  When 
the  infested  caterpillars  were  kept  in  tin  boxes  they  often  built  only 
a  nest,  which  was  open  on  one  side,  and  the  Chelonus  larvae  were 
unable  to  complete  their  cocoons  within  this  nest.  The  parasite 
larvae  frequently  pupated  in  the  tin  boxes  without  completing  the 
cocoon. 

The  details  of  the  construction  of  the  cocoon  were  not  observed. 
The  cocoons,  as  built  in  the  boxes,  were  white  in  color  and  oval  in 
general  outline.  They  were  not  smooth  on  the  outside  but  frequently 
had  flat  surfaces  or  projections,  depending  upon  the  surroundings. 

THE   PUPAL  STAGE 

The  parasite  larvae  pupate  soon  after  the  cocoon  is  completed. 
The  time  spent  in  the  pupal  stage  ranged  (Table  12)  from  7  days  in 
August,  at  a  mean  temperature  of  83°  F.,  to  14  days  in  April,  at  a 
mean  temperature  of  73°.  No  data  were  obtained  as  to  the  length 
of  the  pupal  stage  in  the  colder  months. 

Table  12. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  of  Chelonus  texanus  at  Brownsville,  Tex.,  1913  and  1916 


Date  co- 
coons were 
spun 

Date  adults 
emerged 

Num- 
ber of 
adults 

Inter- 
val 

Mean 
temper- 
ature 

Date  co- 
coons were 
spun 

Date  adults 
emerged 

Num- 
ber of 
adults 

Inter- 
val 

Mean 
tem- 
per- 
ature 

June  2,  1913 
Aug.18,1913 

June  10, 1913 
Aug.  25, 1913 

2 

1 

Days 

7 

op 

80 
83 

Aug.  26, 1913 
Apr.    3,1916 

Sept.   2,1913 
Apr.  17, 1916 

2 

Days 
7 
14 

84 
73 

SUMMARY   OF  DEVELOPMENTAL   PERIOD 

Chelonus  texanus  oviposits  in  the  egg  of  its  host,  and  the  parasitic 
larva  develops  within  and  emerges  from  the  caterpillar.  Infested 
caterpillars  of  the  fifth  instar  enter  the  soil  and  construct  a  cell, 
within  which  the  parasite  emerges  and  builds  its  cocoon. 

The  time  elapsing  from  oviposition  to  the  emergence  of  the  adult 
(Table  13)  ranged  in  the  experiments  at  Brownsville  from  18  to  28 
days  in  1912  and  1913,  when  the  parasites  were  reared  in  lantern- 
globe  cages  over  pots  of  soil. 


"The  number  of  times  Infested  caterpillars  molt  was  not  observed.  When  such  caterpillars  enter  the 
ground  they  are  about  the  size  of  uninfcsted  fourth-instar  caterpillars.  But  infested  larvae  are  smaller 
than  unlnfested  larvae  of  the  same  age,  and  if  larvae  infested  with  Chelonus  should  pass  throut?h  live 
molts  and  reach  the  sixth  instar,  the  reason  why  they  enter  the  soil  as  if  preparing  for  pupation  would  be 
made  clear. 
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Table   13. — Interval  of  time  from  oviposition  to  the  emergence  of  the  adult  of 
Chelonus  texanus  at  Brownsville,  Tex.,  in  1912,  1913,  and  1914^ 


Date  of  ovi- 
position 

1 

Date     j  Num- 

adults    1  ber  of 

emerged  i  adults 

Inter- 
val 

Mean 
temper- 
ature 

Date  of  ovi- 
position 

Date 

adults 

emerged 

Num- 
ber of 
adults 

Inter- 
val 

Mean 
temper- 
ature 

1912 
July  18 

1913 
Aug.  7 

1912  i 

Aug.     9  1           2 

1913  1 

Aug.  25  !            1 
Sept.    2  !           2 
Sept.  17  i            1 
Sept.  18  i           3 
Sept.  19  1           2 

Days 
22 

83 

1913 
Sept.  9 

1913 
Oct.     7 

1914 
June  10 
June  11 
June  12 
June  13 
Oct.     7 

4 

3 

30 
22 

7 
22 

Days 
28 

19 
20 
21 
22 
29 

op 

79 

18  1           84 
18  i           83 

22  '            82 

23  j     .       82 

24  :            82 

1914 

Mav22 

Do 

80 

Aug   15 

80 

Aug.  26 

Do 

Do— 

80 

Do 

80 

Do— 

Sept.  8 

80 

1  Experiments  in  1912  and  1913  parformad  by  C.  L.  Scott  and  E.  Q.  Smyth,  using  cages  of  lantern 
globes  over  pots  of  soil. 

PARTHENOGENESIS 

One  unmated  female  Chelonus  oviposited  in  eggs  of  Laphygma  on 
August  15,  1913,  and  37  adult  Chelonus  were  reared  later  from  these 
eggs.  The  sex  of  these  adults  was  not  recorded.  C.  L.  Scott  reared 
52  adults,  all  males,  from  one  experiment,  but  does  not  state  that  an 
unmated  female  was  used.  It  appears  that  this  insect  can  reproduce 
parthenogenetically,  and  probably  the  progeny  of  unmated  females 
are  males. 

NUMBER  OF  PROGENY  FROM  ONE  FEMALE 

From  one  Qgg  mass  which  had  been  caged  with  a  single  female  63 
adults,  and  from  another  egg  mass  74  adults,  were  reared.  C.  L.  Scott 
reared  52  males  from  one  egg  mass  which  had  been  caged  with  a 
single  female. 

SEASONAL  HISTORY 

Chelonus  texanus  was  reared  from  caterpillars  of  Laphygma  frugi- 
perda  collected  in  the  vicinity  of  Brownsville  in  every  month  of  the 
year  except  February.     No  collections  were  made  in  February. 

The  Chelonus  adults  emerge  just  before  the  moths  of  Laphygma 
emerge,  so  the  length  of  a  generation  in  this  parasite  corresponds  to 
that  of  Laphygma.  The  parasite  is  active  throughout  the  year  at 
Brownsville  and  probably  passes  through  about  12  generations. 

OTHER  HOSTS  OF  CHELONUS  TEXANUS 

At  Brownsville  Chelonus  texanus  was  reared  from  Laphygma  exigua 
Hbn.,  Heliothis  ohsoleta  (Fab.),  and  one  or  more  species  of  Prodenia 
(see  footnote  30,  p. 56). 

PARASITES    AND    PREDACIOUS    ENEMIES 

Cocoons  of  this  parasite  were  not  collected  in  the  field  for  the  pur- 
pose of  rearing  secondary  parasites,  and  therefore  the  writer  can  not 
say  whether  or  not  it  has  any  parasites.  No  predacious  insects  were 
observed  feeding  upon  it,  but,  as  lady  beetles  sometimes  eat  the  eggs  of 
Laphygma,  they  probably  destroy  a  small  percentage  of  the  eggs  that 
are  infested  with  Chelonus. 
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APANTELES  MARGINIVENTRIS  (CRESSON) « 

Less  than  2  per  cent  of  all  small  caterpillars  collected  were  para- 
sitized by  Apanteles  (Table  7),  but  2  per  cent  is  probably  an  under- 
valuation of  the  importance  of  this  species,  because  Apanteles  emerges 
from  caterpillars  of  the  fourth  instar,  and,  because  of  the  smallness  of 
the  infested  larvae,  the  larger  uninfested  individuals  are  more  likely 
to  be  selected  in  making  collections.  To  obtain  accurate  information 
concerning  the  importance  of  this  parasite  and  concerning  the  impor- 
tance of  Sagariiis  duhitatus  and  Rogas  laphygmae,  special  collections 
should  be  made  of  caterpillars  that  are  near  the  end  of  the  second 
instar. 

DISTRIBUTION 

This  species  appears  to  have  a  wide  distribution  in  the  Southern 
States.  It  was  reared  at  Brownsville  from  Laphygma  caterpillars 
collected  by  members  of  the  staff  of  the  field  station  there  (Table  10), 
at  Kingsville,  Beeville,  Victoria,  Cuero,  Bay  City,  Brazoria,  College 
Station,  Whittaker,  and  Waco,  in  Texas;  Sulphur  Springs,  in  Okla- 
homa; and  Wellington  and  Hunnewell,  in  Kansas. 

OVIPOSITION 

In  the  laboratory,  female  Apanteles  were  observed  to  oviposit 
readily  in  Laphygma  caterpillars  of  the  first  instar;  they  oviposit  soon 
after  the  caterpillars  hatch  from  the  egg,  and  before  they  disperse. 
The  female  parasite  thrusts  her  ovipositor  into  the  caterpillars  and 
withdraws  it  immediately.  She  may  run  over  a  caterpillar  and 
oviposit  with  scarcely  a  stop. 

THE  LARVAL  STAGE 

The  time  occupied  by  the  egg  stage  was  not  ascertained.  The 
interval  from  oviposition  to  the  emergence  of  the  larva  from  the  host 
(Table  14)  appeared  to  vary  considerably,  even  for  different  larvae 
in  the  same  experiment.  In  June,  in  one  experiment,  it  ranged  from 
8  to  11  days,  with  an  average  of  9  days,  at  a  mean  temperature  of 
82°,  and  in  another  experiment  in  June  the  interval  was  7  days,  at  a 
mean  temperature  of  80°.  In  October  the  interval  ranged  in  two 
combined  experiments  from  7  to  9  days,  with  an  average  of  8  days, 
at  mean  temperatures  of  75°  to  77°.  In  another  experiment,  in  {he 
same  month,  the  interval  ranged  from  10  to  13  days,  with  an  average 
of  11.4  days,  at  mean  temperatures  of  73°  to  75°.  In  one  experiment 
in  November  the  interval  ranged  from  10  to  14  days,  with  an  average 
of  12  days,  at  a  mean  temperature  of  76°. 

The  shortest  length  of  time  from  oviposition  to  the  emergence  of 
the  parasitic  larva  from  the  host  caterpillar  recorded  in  these  experi- 
ments was  7  days,  at  a  mean  temperature  of  77°,  and  the  longest  time 
was  14  days,  in  one  case  at  a  mean  temperature  of  68°  and  in  another 
case  at  a  mean  temperature  of  76°. 

"  A  solitary  endoparasite,  Hymenoptcra,  Braconldao. 
56049—29 4 
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Table    14. — Interval  of  time  from  oviposition  to  the  spinning  of  the  cocoon  of 
Apanteles  marginiventris ,  at  Brownsville,  Tex.,  in  1913  and  1914 


Date  of  ovipo- 
sition 

Date 

cocoons 
were 
spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

Date  of  ovipo- 
sition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

1913 

Oct.  30 

Nov.  21 

Do 

1913 
Nov.  13 
Dec.    1 
Dec.    3 
Dec.    5 

1914 
Oct.    24 
Oct.    25 
Oct.    26 
Oct.    27 
Oct.    24 
Oct.    25 

3 

1 
2 

1 

6 
3 
2 
4 
3 
12 

Days 
14 
10 
12 
14 

10 
11 
12 
13 

7 
8 

68 
76 
76 
76 

75 
74 
74 
73 

77 
77 

1914 

Oct.  17 

Oct.  18 

Do.— 

1914 
Oct.    26 
Oct.    25 
Oct.    26 
Oct.    27 
June  10 
June  18 
June  19 
June  20 
June  21 

1915 
Nov.  16 

3 
3 

6 
6 

28 

18 

21 

5 

5 

4 

Days 
9 
7 
8 
9 
7 
8 
9 
10 
11 

13 

76 
77 
76 

Do 

Do 

75 

June  3 

80 

1914 
Oct.  14 

June  10 

Do - 

82 
82 

Do. 

Do.      

82 

Do 

Do... 

82 

Do 

Oct.  17 

Do 

1915 
Nov  3 

76 

The  larva  of  Apanteles  marginiventris,  which  is  solitary,  emerges 
from  Laphygma  caterpillars  of  the  fourth  instar.  The  infested 
caterpillars,  which  are  retarded  in  growth  and  remain  smaller  than 
normal  larvae  of  the  same  age,  are  not  killed  outright,  but  live  a  few 
hours  after  the  parasite  emerges. 


THE  COCOON 

The  method  of  spinning  the  cocoon  was  not  observed.  The  cocoons 
are  small,  white,  smooth,  opaque,  and  of  a  long,  oval  shape.  They 
may  be  found  on  the  leaves  of  corn,  usually  on  the  upper  surface, 
where  they  are  often  located  in  the  groove  formed  by  the  midrib,  and 
are  tightly  fastened  to  the  leaf. 

THE  PUPAL  STAGE 

As  the  length  of  time  spent  in  the  cocoon  is  comparatively  short, 
it  is  probable  that  the  larva  pupates  soon  after  finishing  the  cocoon. 
In  Table  15  are  presented  the  results  of  several  observations  of  the 
interval  between  the  spinning  of  the  cocoon  and  the  emergence  of 
the  adult.  These  intervals  probably  represent  approximately  the 
length  of  the  pupal  stage.  The  shortest  interval  was  5  days,  in  June, 
at  a  mean  temperature  of  81°  F.  In  October,  at  70°,  the  average 
interval  for  24  males  was  7  days.  In  one  instance,  in  January,  it  was 
14  days  at  a  mean  temperature  of  64°. 
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Table  15. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of 
the  adult  of  Apanteles  marginiventris,  at  Brownsville,  Tex.,  in  the  years  1913  to 
1916,  inclusive 


Date  cocoons  were  spun 

Date  adults 
emerged 

Adults 

Interval 

Mean 

Number 

Sex 

temper- 
ature 

Apr.  16... 

1913 

1913 
Apr.  24 

1 
1 
1 

28 
2 
5 
1 
1 

12 
3 
2 
3 
5 
2 
1 
1 
2 
8 
1 

4 

1 

Dayi 

7 
6 

5 
6 
7 
8 
5 
6 
7 
8 
6 
7 
8 
8 
9 
10 
6 
7 

5 

14 

74 

Apr.  17 

do. 

74 

Nov.  13 

Nov.  19        

76 

June  10... 

1914 

1914 

Juno  13-15 

Oct.  30  

Male         -           

81 

Oct.  24. 

do 

70 

Do 

Oct.  31     . 

do 

do 

do. 

do 

:iI"do."lI."""i:".'."""" 

do 

do 

Female. 

70 

Do 

Nov  1 

70 

Oct.  25 

Oct.  30 

69 

Do- 

Oct.  31 

69 

Do. 

Nov.  1 

70 

Do_ 

Nov.  2 

70 

Oct.  26 

Nov.l.. 

Nov.2 

70 

Do 

70 

Do 

Nov.  3.. 

70 

Do 

do 

Male 

70 

Do 

Nov.  4 

.     do 

70 

Do.... 

Nov.  5 

Female  and  male 

70 

Oct.  27.... 

Nov.2 

Male 

70 

Do   . 

Nov  3 

do 

70 

Nov.  16... 

1915 

1915 
Nov.  21 

76 

Jan. 10 

1916 

1916 
Jan.  24 

Tlndfitfirminfid 

64 

SUMMARY  OF  DEVELOPMENTAL  PERIOD 

Apanteles  marginiventris  is  a  solitary  endoparasite  which  oviposits 
in  caterpillars  of  the  first  instar.  The  larva  of  the  parasite  emerges 
from  the  caterpillars  of  the  fourth  instar  in  from  7  to  14  days,  and 
spins  a  small  white  cocoon  on  the  plant,  from  which  the  adult  emerges 
in  from  5  to  14  days. 

PARTHENOGENESIS 

In  June,  1914,  one  female,  which  had  been  reared  from  an  isolated 
cocoon  and  had  not  been  caged  with  males,  was  placed  in  a  vial  with 
caterpillars  of  the  first  instar.  From  this  experiment  22  adults,  all 
males,  were  reared.  The  experiment  shows  that  this  species  may 
reproduce  parthenogenetically  and  that  the  progeny  of  unfertilized 
females  will  be  males.  These  parasites  were  not  observed  to  copulate 
in  the  vials  in  which  they  were  kept,  and  this  may  explain  why  nearly 
all  of  the  adults  reared  in  the  life-history  experiments  recorded  in 
Table  15  were  males. 

SEASONAL  HISTORY 

This  species  was  reared  from  Laphygma  caterpillars  collected  in 
the  vicinity  of  Brownsville  (Table  7)  in  the  months  of  January,  April, 
Mav,  September,  October,  November,  and  December.  There  is  no 
explanation  for  its  absence  from  the  collections  of  Laphygma  made  in 
June,  July,  and  August,  as  rather  a  large  number  of  caterpillars  were 
collected  in  these  three  months.  It  was  most  numerous  as  a  parasite 
of  Laphygma  in  April,  when  about  7  per  cent  of  all  small  caterpillars 
collected  were  fou»d  to  be  infested. 
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Apanteles  marginiventris  was  reared  from  one  host  or  another  in 
every  month  except  February,  July,  and  August,  and  is  probably 
active  throughout  the  year  at  Brownsville. 

The  shortest  time  required  for  the  complete  development  from 
oviposition  to  the  emergence  of  the  adult,  according  to  the  experi- 
ments at  Brownsville,  was  10)^  days,  in  June.  In  October  and 
November  the  time  ranged  from  13  to  19  days.  There  are  no  com- 
plete records  for  the  winter  months,  but  a  record  for  November 
(Table  14)  gives  the  period  from  oviposition  to  the  spinning  of  the 
cocoon  as  13  days,  and  a  record  for  January  (Table  15)  gives  the 
period  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  as  14  days.  We  might  assume,  therefore,  that  the  complete 
development  during  the  winter  months  would  require  about  27 
days. 

OTHER  HOSTS  OF  APANTELES  MARGINIVENTRIS 

This  parasite  was  reared  from  LapJiygma  exigua  Hhn.,  Platliypena 
scabra  Fab.,  CirpMs  unipunda  (Haw.),  one  or  more  species  of  Prodenia 
(see  footnote  30,  p.  56),  a  species  of  Autographa,  and  HeliotJiis  ohso- 
leta  Fab.,  all  collected  in  the  vicinity  of  Brownsville. 

PARASITES  AND  PREDACIOUS  ENEMIES 

In  June,  1914,  14  cocoons  of  ^.  marginiventris  were  collected  from 
corn,  and  from  them  were  reared  two  specimens  of  a  species  of 
Hemiteles. 

The  cocoons  of  Apanteles  are  opened,  and  the  larvae  or  pupae  are 
eaten  by  lady  beetles,  in  the  same  manner  as  Sagaritis  duhitatus  and 
Meteorus  lapliygmae  are  destroyed.  In  the  field  cocoons  were 
observed  which  appeared  to  have  been  opened  by  predacious  insects, 
and  C.  L.  Scott  observed  an  adult  Ceratomegilla  juscilabris  (Muls.) 
eating  the  pupa  of  Apanteles  after  it  had  opened  the  cocoon. 

METEORUS    LAPHYGMAE   VIERECK  ^^ 

Next  to  Ghelonus  texanus,  the  most  important  hymenopterous 
parasite  of  LapJiygma  jrugiperda  in  the  lower  Rio  Grande  Valley  is 
Meteorus  laphygmae.  Of  about  9,000  small  caterpillars  collected 
(Table  7),  270,  or  about  3  per  cent,  were  infested  with  this  species. 
It  appeared  to  be  very  numerous  as  a  parasite  of  Laphygma  on  Ber- 
muda grass  during  July,  1912,  and  about  40  per  cent  of  the  Laphygma 
caterpillars  collected  from  barley  in  April,  1914,  were  infested  with 
this  species.  Generally  it  appeared  to  be  more  numerous  on  such 
plants  as  barley,  oats,  or  Bermuda  grass  than  it  was  on  corn. 

DISTRIBUTION 

From  3,424  larvae  of  Laphygma  collected  (Table  10)  by  members 
of  the  staff  of  the  Brownsville  field  station  at  points  in  Texas  outside 
the  Rio  Grande  Valley,  and  at  points  in  Oklahoma,  Kansas,  Arkansas, 
and  Louisiana,  only  8  Meteorus  were  reared,  all  from  larvae  collected 
from  alfalfa  at  Shreveport,  La.,  September  18,  1912. 

THE   ADULT 

Laboratory  experiments  indicate  that  the  adults  of  this  species  are 
long-lived.     In  one  experiment,  females  which  emerged  from  cocoons 

13  A  solitary  endoparasite,  Hymenoptera,  Braconidae. 
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on  September  23  were  kept  in  vials  and  fed  on  sugar  sirup.  Seven 
of  them  lived  until  October  27,  or  34  days,  and  one  lived  until  Novem- 
ber 5,  or  43  days.  They  were  kept  in  the  office,  where  the  temper- 
ature was  above  70°  F.  the  greater  part  of  the  time. 

It  is  not  difficult  to  get  these  parasites  to  mate  in  the  large  vials, 
28  millimeters  wide  by  1 00  millimeters  long,  in  which  it  has  been 
found  convenient  to  keep  them.  The  male  pursues  the  female  per- 
sistently, approaching  from  the  rear  with  wings  and  antennae  out- 
spread and  wings  vibrating.  The  female  holds  her  wings  in  the 
normal  position.  The  male  raises  his  head  and  brings  it  down,  tap- 
ping the  female  sharply  on  the  wings.  This  action  may  be  repeated 
several  times,  but  usually  the  courtship  does  not  last  long.  Copula- 
tion lasts  about  two  minutes. 

Females  of  Meteorus  laphygmae  oviposit  in  caterpillars  of  the  first 
or  second  instar.  In  laboratory  experiments  they  would  not  oviposit 
in  larvae  of  the  third  instar. 

THE  LAKVAL  STAGE 

Details  of  life  history,  such  as  the  length  of  the  incubation  period 
and  the  descriptions  of  the  larval  instars,  were  not  worked  out. 

Numerous  experiments  were  conducted  to  ascertain  the  length  of 
time  from  oviposition  to  the  spinning  of  the  cocoon,  and  are  summa- 
rized in  Table  16.  In  some  of  these  experiments  Laphygmae  larvae 
in  the  first  instar  were  used;  in  others,  larvae  of  the  second  instar. 
In  June,  at  a  mean  temperature  of  83°  F.,  the  interval  from  oviposi- 
tion to  the  spinning  of  the  cocoon  was  about  two  days  longer  when 
the  eggs  were  deposited  in  caterpillars  of  the  first  instar  than  when 
the  caterpillars  were  of  the  second  instar;  but  at  a  mean  temperature 
of  70°  the  interval  seemed  to  be  the  same  whether  caterpillars  of  the 
first  or  of  the  secojid  instar  were  used. 


Table  16. — Interval  of  time  from  oviposition  to  the  spinning  of  the  cocoon   of 
Meteorus  laphygmae,  at  Brownsville,  Tex.,  from  October,  1913,  to  November,  1914 


Date  of 
oviposition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

Date  of 
oviposition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

1913   . 
Oct.  18 

Do 

Do 

Do 

Oct.  19 

Do 

Oct.  22 

Do 

1913 
Oct.   29 
Oct.    30 
Oct.    31 
Nov.    1 
Oct.    31 
Nov.    1 
Nov.    3 
Nov.    4 
Nov.    5 

1914 
May  18 

2 
14 
25 

5 
23 
25 

3 
12 

4 

1 

\l 

14 

\l 

12 
13 
14 

11 

70 
70 
70 
70 
69 
69 
70 
70 
70 

78 

1914 
May  14 

June  21 

Do 

Sept.  24 

Sept.  30 

Oct.  1 

1914 
May  24 
May  28 
May  29 
June  28 
June  29 
Oct.     6 
Oct.   10 
Oct.    11 
Oct.    27 
Nov.    4 

20 

6 

13 

7 

9 

11 

25 

10 

4 

14 

Days 

10 

9 

10 

7 

8 

12 

10 

10 

11 

12 

78 
79 
79 
83 
83 
75 
78 
78 

Do 

1914 
May  7 

Oct.  16 

Oct.  23 

73 
71 

The  egg  and  larval  stages  together  lasted  about  10  days  in  May 
and  September,  at  a  mean  temperature  of  78°  F.,  7}^  days  in  June,  at 
a  mean  temperature  of  83°,  and  about  12)^  days  in  October,  at  a  mean 
temperature  of  70°. 

Larvae  of  Meteorus  emerge  from  the  host  caterpillar  without  kill- 
ing it,  but  the  caterpillar  dies  within  a  few  days.  In  one  experiment 
started  with  second-instar  caterpillars  the  parasites  emerged  from  6 
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caterpillars  which  had  heads  1.5  millimeters  wide,  and  from  1  which 
had  a  head  1.3  millimeters  wide.  The  heads  of  25  caterpillars  from 
which  Meteorus  larvae  emerged  on  October  10  were  1.4  millimeters 
wide.  These  caterpillars  were  probably  in  the  fifth  instar,  although 
they  were  smaller  than  normal  caterpillars  of  that  stage. 

THE  COCOON 

The  cocoon  of  Meteorus  laphygmae  is  firm,  brown,  glassy,  spindle- 
shaped,  about  2  millimeters  in  diameter  and  4K  to  5  millimeters  in 
length.  It  is  attached  to  the  host  plant  of  the  caterpillar  or  to  near- 
by objects  by  a  thread  of  silk  from  one-half  inch  to  2  inches  long. 
The  adult  parasite  emerges  by  forcing  off  the  cap,  which  usually 
remains  attached  at  one  side  of  the  cocoon.  In  shape  the  cap  is  a 
truncated  cone  about  two-thirds  of  a  millimeter  in  height. 

In  spinning  its  cocoon  the  larva  of  Meteorus  first  builds  a  frame- 
work with  a  single  thick  thread  of  silk,  formed  by  drawing  the  two 
threads  which  issue  from  the  spinnerets  across  the  side  of  the  head 
so  that  they  unite  to  form  one  thread.  The  larva  fastens  the 
thread  securely  to  some  object  and  then  spins  a  few  irregular  loops 
to  form  the  short  thread  at  the  end  of  which  the  cocoon  is  constructed, 
after  which  the  framework  is  built  by  moving  the  head  clockwise  and 
spinning  arches  or  open  loops.  The  larva  works  toward  the  cap 
of  the  cocoon,  and  each  loop  is  fastened  at  both  ends  to  the  loop 
behind.  Sometimes  the  thread  is  fastened  at  several  places  to  give 
strength.     An  opening  is  left  at  the  cap  end. 

After  the  framework  is  finished  the  larva  lines  it  by  spinning  back 
and  forth  in  the  direction  of  the  longest  diameter  of  the  cocoon. 
Two  parallel  threads,  one  from  each  spinneret,  are  spun  in  this  work. 
The  double  threads,  which  sometimes  unite  to  form  a  single  flat 
thread,  cross  and  recross  each  other  at  an  acute  angle,  forming  a 
glassy  sheet  of  silk.  E^ch  time  the  larva  approaches  the  cap  end  of 
the  cocoon  it  loops  the  thread  along  the  edge  of  the  opening,  repeat- 
ing this  in  narrowing  loops  until  the  thread  follows  the  circumference 
of  the  opening. 

As  the  cocoon  is  lined,  the  conical  cap  is  formed  by  making  this 
opening  gradually  smaller,  the  larva  spinning  around  the  circumfer- 
ence of  the  opening.  This  is  not  done  at  one  time,  but,  while  lining 
the  cocoon,  whenever  the  larva  approaches  the  opening  it  draws  the 
thread  for  a  short  distance  along  the  circumference,  thus  gradually 
narrowing  the  opening,  and  finally  closing  it  by  spinning  threads 
crisscross. 

THE  PUPAL  STAGE 

The  cocoons  of  Meteorus  laphygmae  are  transparent;  it  is  therefore 
possible  to  observe  the  pupation  of  the  larva  and  the  development 
of  the  pupa.  Pupation  occurs  soon  after  the  cocoon  is  formed,  and 
most  of  the  time  in  the  cocoon  is  spent  in  the  pupal  stage,  but  the 
exact  length  of  that  stage  was  not  ascertained  in  the  experiments  at 
Brownsville.  The  head  of  the  pupa  and  adult  is  always  toward  the 
small,  or  cap,  end  of  the  cocoon. 

Numerous  experiments  were  conducted  to  ascertain  the  length  of 
time  spent  in  the  cocoon;  these  are  summarized  in  Table  17. 
Females  emerged  10  days  after  pupation  and  males  8.4  days 
after  pupation,  in  November,  when  the  mean  temperature  was  71°  F. 
during  the  pupal  period.     Females  emerged  after  6  days,  in  October, 
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and  males  after  about  7  days  at  a  mean  temperature  of  75®.  Males 
emerged  after  5  days  in  June  and  July  at  mean  temperatures  of  80° 
and  83°,  respectively.  One  female  emerged  in  January,  after  spend- 
ing about  18  days  in  the  pupal  stage. 

Table  17. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of 
the  adult  of  Meteor  us  laphygmae,  at  Brownsville,  Tex.,  from  January,  1913,  to 
November,  1914- 


Date  cocoons  were  spun 

Date 

adults 

emerged 

Adults 

Inter- 
val 

Mean 

temper 

ature 

Number 

sex 

1913 
Jan.  9-11                       .         .              

1913 
Jan,    28 

1914 
May  25 
May  30 
June    2 
July     3 
Oct.    16 

—do 

Oct.    17 
Oct.    18 

...do 

1 

1 
10 
6 
7 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
10 

Female 

Days 
17-19 

7 
6 
5 
5 
6 
6 
7 
8 
.    7 
8 
9 
9 
8 
9 
10 

-F 

1914 
May  18 

78 

May  24 

Male 

80 

May  28 .-. 

do 

80 

June  28-            -  -  - 

do 

do 

Female 

83 

Oct.  10                                     .      — 

Do  

Do 

Male 

Do  

do.. 

Oct.  11    

do . 

Oct.  27 

Nov.    4 

Nov.    5 

do 

do 

do 

Do   - - 

Do                                        

Female 

Nov.  4 

Nov.  12 
Nov.  13 
Nov.  14 

Male 

Do                     -                            

do 

Do  - 

Female 

SUMMARY  OF  DEVELOPMENTAL  PERIOD 

The  eggs  are  deposited  in  first-instar  or  second-instar  caterpillars. 
The  parasitic  larva  develops  inside  the  host,  emerges  from  caterpillars 
of  the  fifth  instar,  spins  a  cocoon  on  the  plant  or  other  near-by  object, 
and  pupates.  The  adult  parasite  emerges  in  a  comparatively  short 
time,  before  the  uninfested  caterpillars  complete  their  transformation 
and  emerge  as  adults. 

The  entire  life  history,  from  oviposition  to  the  emergence  of  the 
adult,  was  found  to  occupy  a  minimum  of  about  12  days  in  the  summer, 
at  a  mean  temperature  of  83°  F.;  from  17  to  19  days  in  the  fall,  at 
75°,  and  from  22  to  24  days  at  70°;  and  31  days  or  more  in  the  winter. 

PARTHENOGENESIS 

One  female  of  Meteorus  laphygmae,  which  emerged  from  an  isolated 
cocoon  and  had  not  been  confined  with  males,  was  placed  in  a  battery 
jar  with  second-instar  and  third-instar  caterpillars  on  October  15,1913. 
After  two  days  100  caterpillars  were  removed  and  isolated  in  tin 
boxes.  Thirty  cocoons  were  obtained,  and  30  adults  emerged,  all  of 
which  were  males. 


NUMBER  OF  PROGENY  FROM  ONE  FEMALE 

The  following  experiment  was  carried  on  at  Brownsville:  A  female 
Meteorite  laphygmae  was  placed  with  first-instar  caterpillars  November 
3,  and  with  new  first-instar  caterpillars  every  day  until  November  12, 
when  she  died.  Eighty-three  cocoons  were  spun  b}^  the  parasitic 
larvae  which  emerged  from  the  infested  caterpillars. 
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SEASONAL  HISTORY  / 

/ 

Meteorus  laphygmae  was  reared  at  Brownsville  from  Laphygma 
caterpillars  (Tables  7  and  8)  collected  in  every  month  except  February, 
March,  and  August;  but  it  was  also  reared  from  larvae  of  Cirphis 
unipuncta  (Haw.)  and  of  CirpJiis  latiuscula  (H.  S.)  collected  in  Febru- 
ary and  in  March;  it  is  therefore  evident  that  this  species  is  active 
throughout  the  year  at  Brownsville.  Since  the  total  length  of  the 
life  cycle  ranges  from  about  12  days  in  summer  to  about  31  days  in 
winter,  this  species  can  complete  many,  probably  about  18,  generations 
during  the  year. 

OTHER  HOSTS  OF  METEORUS  LAPHYGMAE 

This  parasite  has  been  reared  from  caterpillars,  collected  at  Browns- 
ville, of  Feltia  annexa  Treit.,  Macaria  punctolineata  Packard,  a  species 
of  Autographa,  one  or  more  species  of  Prodenia  (see  footnote  30,  p.  56), 
Laphygma  exigua  Hbn.,  Eurymus  eurytheme  Bdv.,  Monodes  nucicolora 
Gn.,  Cirpliis  latiuscula  (H.  S.),  Cirphis  unipuncta  (Haw.),  and  Eeliothis 
ohsoleta  (Fab.) 

PARASITES  REARED   FROM   COCOONS   OF  METEORUS  LAPHYGMAE 

Many  cocoons  of  Meteorus  laphygmae  have  been  collected  at 
Brownsville  for  the  purpose  of  rearing  parasites.  In  July,  1912, 
E.  G.  Smyth  first  collected  them  from  grasses  and  other  objects 
near  the  insectary.  Adults  of  the  species  had  parasitized  Laphygma 
frugiperda,  at  that  time  numerous  as  an  army  worm  feeding  on  Ber- 
muda and  other  grasses.  In  the  interval  from  July  19  to  27,  inclusive, 
295  cocoons  of  Meteorus  laphygmae  were  collected  from  Bermuda  grass, 
weeds,  and  other  objects.  Nothing  emerged  from  64  of  the  cocoons; 
Meteorus  and  its  parasites  emerged  from  231,  these  emergences  being 
shown  in  Table  18.  In  one  instance  two  parasites,  a  female  Dihrachys 
meteori  and  a  male  Spilochalcis  delira,  issued  from  a  single  cocoon. 
In  all,  180  parasites  and  52  Meteorus  issued  from  231  cocoons. 
Seventy-eight  per  cent  of  the  live  cocoons  were  parasitized  by  para- 
sites of  seven  different  species. 

Table  18. — Parasites  reared  from  cocoons  of  Meteorus  laphygmae  Viereck,  collected 
and  reared  at  Brownsville,  Tex.,  by  E.  G.  Smyth  in  July,  1912 


Co- 
coons 

Parasites 

Meteo- 
rus 
adult 
emerg- 
ing 

Date 

Spilo- 
chalcis 
pallens 
Cresson 

Spilo- 
chalcis 
torvina 
Cresson 

Dibra- 

chys 

meteori 

Qahan 

Hemi- 
teles 
sp. 

Myrmi- 
comor- 

pha  per- 
nio iosa 

Viereck 

Eupel- 
minus 
meteori 
Qahan 

Meso- 

chorus 

sp. 

Total 

July  19 

Number 
11 
31 
38 
52 
83 
16 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 
11 

July  22.. 

17' 

19 
33 

9 

5 
2 
15 

7 

ii' 

11 
7 

2 
3 
7 
7 
3 

11 
26 
48 

78 
17 

20 

July  23         

1 
5 

12 

July  24 

3 

1 
2 

4 

July  25 

5               5 

5 

July  27 

Total 

231 

69  i          38 
29.  9         16. 4 

29 
12.5 

22 
9.5 

11 
4.8 

8 
3.5 

3 

1,3 

180 
77.9 

52 

Per  cent 

22.5 
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In  1914  many  cocoons  were  collected  from  corn,  and  the  parasites 
reared  at  the  laboratory  by  the  writer.  From  May  28  to  June  19, 
206  cocoons  of  Meteorus  laphygmae  were  collected,  from  which  were 
reared  1  larva  of  Spilochalcis  pallens  Cresson,  6  larvae  of  Dibrachys 
meteori  Gahan,  11  of  a  species  of  Hemiteles,  and  1  of  a  species  of 
Eupelmus.  From  September  16  to  23,  568  cocoons  were  collected, 
from  which  were  reared  4  larvae  of  Spilochalcis  pallens  Cresson  and 
3  of  Spilochalcis  torvina  Cresson.  Of  the  entire  774  cocoons  only  26, 
or  3.3  per  cent,  were  parasitized,  whereas  78  per  cent  were  parasitized 
in  the  collections  from  Bermuda  grass.  The  reason  for  this  is  not 
evident.  It  may  be  because  both  the  parasites  and  Meteorus  were 
less  numerous  in  1914,  but  probably  because  the  natural  habitat  of 
Meteorus  laphygmae  and  its  parasites  is  grassland  or  low-growing 
plants. 

The  parasites  of  Meteorus  emerge  through  a  hole  which  they  cut 
in  the  side  of  the  cocoon. 

PREDACIOUS  ENEMIES 

The  writer  has  observed  an  adult  lady  beetle,  a  species  of  Megilla, 
gnawing  at  a  cocoon  of  Meteorus  laphygmae  on  a  corn  leaf,  with  the 
evident  intention  of  opening  it.  Cocoons  of  Meteorus  which  had 
apparently  been  opened  by  lady  beetles  were  sometimes  observed, 
but  not  so  frequently  as  the  cocoons  of  several  other  species.  C.  L. 
Scott  made  the  following  field  note  on  June  11,  1914,  at  Brownsville : 

In  collecting  cocoons  of  parasitic  Hymenoptera  for  the  last  several  days  I  note 
that  the  cocoon  of  Meteorus  is  rarely  attacked  by  lady  beetles,  presumably  on 
account  of  its  being  suspended  loosely  by  a  silken  thread,  which  would  make  it 
difficult  to  gnaw  through,  and  on  account  of  the  preference  shown  for  Sagaritis 
duhitatus. 

ROGAS  LAPHYGMAE  VIERECK  i< 

Of  about  9,000  small  caterpillars  of  Laphygma  frugiperda  (Table  7) 
collected  in  the  vicinity  of  Brownsville,  only  44  Rogas  were  reared,  or 
one-half  of  1  per  cent  of  all  of  the  small  larvae  collected.  This  para- 
site was  reared  from  caterpillars  collected  in  April,  May,  and  June. 
It  was  most  numerous  in  May,  when  it  infested  a  little  more  than  2 
per  cent  of  all  the  small  caterpillars  collected  in  that  month. 

This  parasite  was  reared  from  caterpillars  collected  at  Shreveport, 
La.,  but  not  from  any  of  the  other  localities  (Table  10)  where  collec- 
tions were  made  outside  of  the  Rio  Grande  Valley. 

Rogas  laphygmae  usually  oviposits  in  caterpillars  which  are  well 
toward  the  end  of  the  first  instar.  The  female  usually  has  to  wrestle 
with  the  caterpillar,  as  she  does  not  seem  to  be  able  to  oviposit 
quickly  and  get  away. 

THE  LARVAL  STAGE 

The  number  of  days  from  oviposition  to  the  spinning  of  the  cocoon 
(Table  19)  ranges  from  five  to  nine,  which  probably  represents  approx- 
imately the  length  of  the  larval  stage,  as  the  egg  stage  must  be  short 
in  order  to  allow  time  for  the  development  of  the  larva. 

"  A  solitary  endoparaslte,  Hymenoptera,  Braconidae. 
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Table  19. — Interval  of  time  from  oviposition  to  the  spinning  of  the  cocoon  of  Rogas 
laphygmae  Viereck  at  Brownsville,  Tex.,  in  1914 


Date  of  ovipo- 
sition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
'    val 

Mean 
temper- 
ature 

Date  of  ovipo- 
sition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

May  19 

May  20 

June  7        . 

May  27 
May  29 
June  14 
June  21 

9 

1 
7 
3 

Days 

9 

7 

7 

°F. 

79 
79 
81 
83 

June  19 

Do 

June  22.. 

June  25 
June  26 
June  27 

4 
3 
10 

Days 
6 

7 
5 

op 

83 
83 
83 

June  14 

The  heads  of  four  Laphygma  larvae  within  which  cocoons  were 
spun  measured  from  0.9  to  1  miUimeter.  These  larvae  were  of  the 
general  size  of  uninfested  caterpillars  of  the  third  instar,  but  as 
their  heads  were  too  wide  for  that  stage  they  must  have  been  in  the 
fourth  instar.  Their  heads,  however,  were  narrower  than  those  of 
normal  caterpillars  of  the  fourth  instar.  Uninfested  caterpillars 
develop  to  the  fifth  instar  in  the  same  length  of  time. 

THE  COCOON 

The  Rogas  larva  does  not  emerge  from  its  host,  but  spins  its  cocoon 
within  the  dried  skin  of  the  caterpillar.  When  the  parasitic  larva  is 
mature  it  fills  the  body  of  the  caterpillar,  which  dies  and  remains 
attached  to  the  plant  by  its  prolegs.  The  parasite  cleans  out  the 
head  and  thorax  of  the  caterpillar,  and  then  works  on  the  ventral 
side  of  the  thorax  until  only  the  epidermis  is  left.  It  soon  breaks 
through  this  and  pushes  out  of  the  body  the  fluids  and  material  it 
does  not  eat.  The  drying  of  these  fluids  attaches  the  caterpillar  to 
the  plant.  The  skin  of  the  caterpillar  collapses  over  the  thorax  and 
over  the  anal  pair  of  prolegs,  and  between  these  collapsed  portions 
the  larva  spins  its  cocoon.  As  the  body  fluids  of  the  caterpillar  are 
taken  up  by  the  parasite  or  ooze  out,  the  skin,  which  is  kept  expanded 
by  the  larva,  dries  and  forms  a  strong  protection  for  the  cocoon. 

The  cocoon,  so  called,  of  Rogas,  wherever  it  is  discussed  in  this 
bulletin,  includes  the  dried  skin  of  the  host  caterpillar  within  which 
the  real  cocoon  is  spun.  It  is  light  brown,  dry  and  firm,  about  8 
millimeters  long,  having  the  thorax  and  anal  portion  of  the  abdo- 
men collapsed.  Most  of  the  abdominal  somites  are  expanded,  and 
the  cocoon  is  spun  within  this  expanded  portion. 

In  the  cornfield  the  cocoons  are  found  on  the  leaves  or  the  stalks 
of  the  corn  plant,  but  may  also  be  found  on  weeds  or  other  objects, 
as  the  infested  caterpillars  often  wander  from  the  place  where  they 
were  feeding.  In  July,  1912,  E.  G.  Smyth  found  cocoons  on  the 
brick  wall  of  the  insectary,  on  stems  of  Bermuda  grass,  and  on  a 
palm  leaf.  The  infested  caterpillars  had  been  feeding  on  Bermuda 
grass. 

THE  PUPAL  STAGE 

The  adult  parasite  emerges  through  a  round  ragged  hole  cut 
through  the  dorsal  side  of  the  caterpillar  near  its  anal  end.  The 
larvae  probably  pupate  as  soon  as  they  finish  their  cocoons,  and  the 
time  spent  in  the  pupal  stage  (Table  20)  is  about  five  days,  at  a 
temperature  of  82°. 
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Table  20. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  of  Rogas  laphygmae  at  Brownsville,  Tex.,  in  1914 


Date  cocoons  were  spun 

Date 

adults 

emerged 

Adults 

Inter- 
val 

Mean 
temper- 
ature 

Number 

Sex 

May  27 

June    1 

June    3 

June  19 

do 

7 
1 
1 
2 
1 
2 
2 
3 

Male 

? _ 

Male 

Female 

Male 

Female 

do 

do 

Dai's 
6 
5 
5 
5 
5 
5 
4 
5 

79 

May  29              ... 

79 

June  14 

82 

Do 

82 

June  15 

Do 

June  20 
...do.-  . 

82 
82 

June  21 . 

June  25 
June  30 

83 

June  25 

83 

SUMMARY  OF  DEVELOPMENTAL  PERIOD 

Rogas  laphygmae  is  a  solitary  endoparasite  which  oviposits  in  cater- 
pillars of  the  first  instar.  The  infested  caterpillar  dies  in  the  fourth 
instar,  and  the  parasitic  larva  spins  its  cocoon  within  the  dried  skin  of 
its  host.  The  larval  stage  occupies  from  5  to  9  days,  and  the  pupal 
stage  about  5  days.  The  entire  developmental  period  is  completed 
in  from  11  to  14  days. 

PARTHENOGENESIS 

Several  experiments  were  conducted  with  unfertilized  females,  which 
oviposited  in  the  caterpillars  in  the  normal  manner.  The  adults  reared 
from  these  experiments  were  all  males. 

SEASONAL  HISTORY 

As  has  been  mentioned,  this  parasite  was  reared  from  caterpillars 
collected  from  corn  in  April,  May,  and  June.  As  its  life  history  is 
short,  it  could  pass  through  about  six  generations  during  these  three 
months,  and  it  is  difficult  to  account  for  the  fact  that  it  was  not 
reared  from  caterpillars  collected  in  other  months  in  the  year.  It 
would  be  necessary,  however,  to  collect  in  each  month  large  numbers 
of  the  caterpillars  in  the  second  instar  or  early  in  the  third  to  arrive 
at  a  definite  conclusion,  as  in  ordinary  collecting  a  larger  proportion 
of  the  larger  caterpillars  are  selected.  E.  G.  Smyth  collected  six 
cocoons  from  Bermuda  grass  betw^een  July  22  and  July  25,  1912,  and 
it  is  possible  that  Rogas  may  be  found  to  be  more  numerous  in  some 
other  habitat  than  in  the  cornfield.  One  cocoon  was  collected  from 
corn  on  September  17,  1914.  This  parasite  was  reared  only  from 
Laphygma  frugiperda. 

PARASITES  OF  ROGAS  LAPHYGMAE 

On  July  25,  1912,  E.  G.  Smyth  collected  four  cocoons  of  Rogas 
from  Berrnuda  grass  at  Brownsville,  from  three  of  which  he  reared 
three  species  of  parasites,  Myrmicomorpha  perniciosa  Viereck,  Spil- 
ochalcis  pollens  Cresson,  and  a  species  of  Hemiteles.  Two  other 
cocoons  collected  in  July  were  unparasitized ;  of  the  six  cocoons,  50 
per  cent  were  parasitized.  These  collections  were  made  during  a 
local  outbreak  of  the  fall  army  worm  on  Bermuda  grass. 

From  May  28  to  June  19,  1914,  124  cocoons  of  Roga^  laphygmae 
were  collected  from  corn  at  Brownsville.  Five  individuals  of  a  species 
of  Hemiteles  and  six  of  Dihrachys  meteori  Gahan  were  reared  from  11 
of  these  cocoons,  or  9  per  cent  of  the  number  collected. 
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ZELE  MELLEUS  (CRESSON)  »5 

The  species  Zde  melleus  appears  to  be  a  rare  parasite  of  Laphygma 
frugiperda,  as  only  three  specimens  were  reared  from  about  16,000 
caterpillars  (Tables  7  and  8)  collected  in  the  vicinity  of  Brownsville. 
These  were  reared  in  October  in  1913  and  in  1914.  It  was  not 
reared  from  any  other  host. 

One  specimen  was  reared  (Table  10)  from  caterpillars  collected  at 
Shreveport,  La.,  in  1912. 

Nothing  was  learned  concerning  the  life  history  or  habits  of  this 
species. 

SAGARITIS  DUBITATUS  (CRESSON)  le 

The  parasite  Sagaritis  duhitatus  was  reared  from  caterpillars  of 
Laphygma  frugiperda  collected  (Table  7)  in  the  vicinity  of  Browns- 
ville in  January,  April,  May,  June,  and  July.  Tt  was  reared  from 
larvae  of  Heliothis  obsoteta  collected  in  March.  It  was  most  numer- 
ous in  April  and  May,  infesting  about  10.5  per  cent  of  all  of  the 
small  caterpillars  collected  in  those  two  months.  Of  more  than 
9,000  small  larvae  collected  (Table  7)  only  about  3  per  cent  were 
infested  by  Sagaritis. 

One  specimen  of  S.  duhitatus  was  reared  at  Brownsville  from  a 
collection  of  Laphygma  caterpillars  made  by  C.  L.  Scott  at  Welling- 
ton, Kans.,  August  14,  1915.  It  was  not  reared  from  any  of  the  other 
collections  (Table  10)  from  localities  outside  of  the  Rio  Grande  Valley. 

Females  of  this  parasite  confined  in  vials  would  not  oviposit  in 
Laphygma  larvae  which  had  just  hatched,  but  oviposited  in  cater- 
pillars that  were  about  at  the  end  of  the  first  instar  or  in  the  second 
instar.  The  female  first  examines  a  caterpillar  by  waving  her  anten- 
nae over  it,  and  then,  bending  her  abdomen  under  her,  she  thrusts  it 
forward  and  inserts  her  ovipositor.  The  entire  performance  requires 
only  a  couple  of  seconds. 

THE  LARVAL  STAGE 

The  interval  of  time  from  oviposition  to  the  emergence  of  the 
larva  of  the  parasite  from  the  host  is  short,  and  probably  most  of 
this  time  is  spent  in  the  larval  stages.  As  set  forth  in  Table  21,  the 
number  of  days  ranged  from  7  to  10,  with  an  average  of  8  in  May 
and  June,  at  a  mean  temperature  of  78°  or  79°  F. 

This  parasite  almost  entirely  destroys  the  infested  caterpillars, 
which  succumb  in  the  fourth  instar.  Infested  caterpillars  containing 
nearly  full-grown  parasites  stretch  out  and  become  rigid.  Because  of 
the  color  of  the  parasitic  larva,  which  may  be  seen  through  the  thin 
skin,  the  host  larva  appears  white.  At  this  time  the  parasite  soon 
eats  out  the  entire  contents  of  the  caterpillar,  leaving  only  the  skin, 
which  is  filled  by  the  parasite.  The  infested  caterpillar  remains 
attached  to  the  plant  by  its  prolegs. 

The  parasitic  larva,  with  its  head  toward  the  anal  end  of  the 
caterpillar,  breaks  out  on  the  ventral  side,  in  front  of  the  prolegs, 
partially  crawls  out,  turns  forward,  or  toward  the  head  of  the  cater- 
pillar, and  swings  back  its  anal  end  in  such  a  way  that  the  skin  of 
the  caterpillar  is  folded  back  upon  itself.  The  parasite  then  crawls 
forward  and  out  of  the  empty  skin,  which  is  partly  drawn  with  it 
and  remains  stretched  out  on  the  plant. 


"A  solitary  endoparasite,  order  Hymenoptera,  family  Braconidae. 

"  A  solitary  endoparasite,  Hymenoptera,  Iciineumonidae,  Ophioninae,  Camploplegini. 
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Table  21. — Interval  of  time  from  ovipositton  to  the  spinning  of  the  cocoon  ofSagaritis 
dubitattis  at  Brownsville,  Tex.,  in  1913  and  1914 


Date  of  ovipo- 
sition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

Date  of  ovipo- 
sition 

Date 

cocoons 

were 

spun 

Num- 
ber of 
cocoons 

Inter- 
val 

Mean 
temper- 
ature 

1913 
June  9 

1913 
June  16 
June  17 

1914 
May  24 

41 
36 

13 

8 
8 

79 
79 

78 

1914 

"V;:::.-::: 

May20.— .— 

1914 
May  25 
May  26 
May  28 

9 
3 
10 

Days 
9 
10 
8 

0  p 

78 

Do 

1914 
May  16 

78 
.    79 

THE  COCOON 

Some  larvae  begin  to  spin  their  cocoons  as  soon  as  they  emerge  half- 
way from  the  skin  of  the  caterpillar;  others  entirely  emerge  and  crawl 
a  few  millimeters  before  beginning  to  spin. 

The  larva  starts  the  framework  of  the  cocoon  by  attaching  threads 
to  the  plant  on  one  side  of  itself  and  then  to  its  own  dorsum,  repeat- 
ing this  process  on  the  other  side  by  attaching  threads  to  the  plant 
and  then  to  those  already  spun,  where  they  are  attached  to  its  dorsum, 
thus  forming  a  belt  over  itself.  This  belt  becomes  the  anal  end  of 
the  cocoon.  The  larva,  with  its  ventral  side  uppermost,  then  works 
forward  in  the  construction  of  the  cocoon.  It  reaches  forward  to  one 
side  and  attaches  a  thread  to  the  plant,  then  brings  its  head  back,  spin- 
ning a  thread  which  it  attaches  several  times  to  the  belt  already  formed, 
making  open  loops,  and  brings  the  end  of  the  thread  forward  and 
attaches  it  to  the  plant  on  the  other  side.  The  larva  repeats  this 
process,  attaching  the  new  loops  to  those  already  formed,  until  it 
reaches  the  place  that  is  to  be  the  cephalic  end  of  the  cocoon;  it  then 
attaches  the  ends  of  several  threads  to  the  plant  at  one  place  on  each 
side.  It  next  fills  in  this  end  of  the  cocoon  by  spinning  threads  back 
and  forth  across  it.  The  larva  then  completes  the  framework  by 
spinning  threads  forward  and  backward  across  the  loops,  reversing 
its  position  so  that  it  can  get  at  all  parts  of  the  cocoon.  The  frame- 
work is  made  of  single  thick  threads,  probably  formed  by  the  union 
of  two  threads,  one  from  each  spinneret,  and  its  construction  occupies 
about  45  minutes. 

After  the  framework  is  finished,  the  larva  lines  it  by  spinning  two 
parallel  threads  at  the  same  time;  these  run  in  every  direction  and 
cross  and  recross  each  other  until  the  cocoon  is  lined  by  a  continuous 
layer  of  silk.  In  about  two  hours  the  larva  completes  the  work  to  a. 
point  where  further  observation  is  impossible. 

The  cocoon  of  Sagaritis  dubitatus  is  cylindrical,  with  rounded  ends. 
It  is  opaque,  and  gray  or  brown  in  color,  sometimes  with  areas  of  black. 

These  cocoons  were  often  found  on  corn  plants  at  Brownsville  in 
April,  May,  and  June.  They  were  usually  found  on  the  upper  side 
of  the  leaf,  frequently  in  the  groove  formed  by  the  midrib. 

THE  PUPAL  STAGE 

As  the  length  of  time  in  the  cocoon  is  short  (Table  22),  it  is  proba- 
ble that  the  larva  pupates  soon  after  the  cocoon  is  finished.  On  this 
basis  the  length  of  the  pupal  stage  is  five  or  six  days  in  May  or  June, 
at  a  mean  temperature  of  80°  F.,  and  seven  or  eight  days  in  April,  at 
a  mean  tempkeiiatu^e  oi  71°. 
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Table  22. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  of  Sagaritis  dubitatus  at  Brownsville,  Tex.,  in  1913  and  1914^ 


Date  cocoons  were  spun 

Date  adults 
emerged 

Adults 

Inter- 
val 

Mean 

Number 

Sex 

temper- 
ature 

1913 
Apr.  16 

1913 
Apr.  24 

5 
2 
1 
1 

12 
12 
1 
12 
11 

10 
10 

? 

Days 
8 
7 
6 
6 

5 

5 
5 

74 

Apr.  17                     .     . 

do         

? 

74 

June? 

June  13 

? 

79 

June  15-16      _. 

June  21-22 

Male  . 

80 

June  16 

do 

IIIIIdo""I"""II 

80 

Do 

June  22      

80 

June  16-17 

June  21-22  . 

-do 

80 

Do 

June  22.     

do .— 

.  do 

80 

Do 

June  22-23 

80 

1914 
May  24 . 

1914 
May  29-. 

Male 

80 

May  28 

do 

80 

1  All  experiments  in  June,  1913,  were  performed  by  O.  W.  Rosewall,  who  made  observations  twice  each 
day,  the  double  dates  (e.  g.,  June  15-16)  indicating  that  the  event  recorded  occurred  at  night.  The 
single  dates  in  Mr.  Rosewall's  experiments  show  that  the  event  recorded  occurred  between  8  a.  m.  and 
5  p.  m.  The  experiments  in  April,  1913,  and  May,  1914,  were  performed  by  the  Writer,  who  made  obser- 
vations once  a  day. 

SUMMARY   OF  DEVELOPMENTAL  PERIOD 

Sagaritis  dubitatus  is  a  solitary  endoparasite  which  oviposits  in 
Laphygma  caterpillars  of  the  first  and  second  instars.  The  host 
caterpillar  is  destroyed  in  the  fourth  instar,  and  the  cocoon  is  spun 
on  the  plant. 

The  entire  time  from  oviposition  to  the  emergence  of  the  adult 
occupies  from  12  to  16  days  in  May  or  June,  at  a  mean  temperature 
of  80°  F.,  and  possibly  as  long  as  17  or  18  days  in  April,  at  a  mean 
temperature  of  74°. 

SEASONAL  HISTORY 

As  has  been  mentioned  in  the  first  paragraph  under  Sagaritis  dubi- 
tatus, this  species  was  reared  at  Brownsville  from  collections  made 
in  the  months  from  January  to  July,  with  the  exception  of  February. 
It  was  entirely  absent  from  the  collections  made  during  the  last  six 
months  of  the  year,  or  from  August  to  December,  and  no  information 
was  obtained  that  would  explain  this  seasonal  distribution.  As  the 
entire  life  history  requires  only  from  12  to  18  days,  it  can  pass 
through  8  to  10  generations  during  the  period  from  January  to  July, 
and  experiments  at  Brownsville  indicate  that  it  goes  through  one 
short  generation  after  another.  The  activity  of  this  species  through- 
out the  year  would  therefore  be  expected.  Probably  it  should  be 
looked  for  in  other  hosts  during  the  fall  and  winter. 

OTHER  HOSTS  OF  SAGARITIS   DUBITATUS 

Sagaritis  dubitatus  was  also  reared  at  Brownsville  from  LapJiygma 
exigua  Hbn.,  Heliotliis  obsoleta  (Fab.),  a  species  of  Autographa,  and 
one  or  more  species  of  Prodenia  (see  footnote  30,  p.  56). 

PARASITES   AND   PREDACIOUS   ENEMIES 

In  June,  1914,  332  cocoons  of  S.  dubitatus  were  collected  from  corn 
at  Brownsville,  of  which  12,  or  3.6  per  cent,  were  found  to  be  para- 
sitized. From  the  12  parasitized  cocoons  were  reared  9  individuals  of 
Dibrachys  meteori  Gahan,  2  of  a  species  of  Hemiteles,  and  1  of  a 
species  of  Eupteromalus. 
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The  cocoons  of  this  species  are  frequently  attacked  and  opened  by 
lady  beetles.  The  writer  observed  adults  of  Ceratomegilla  juscilabris 
attacking  these  cocoons,  and  C.  L.  Scott  observed  the  adults  of  this 
lady  beetle  opening  cocoons  of  Sagaritis  and  eating  the  pupae.  He 
counted  90  cocoons,  of  which  30  had  been  opened,  presumably  by 
lady  beetles. 

NEOPRISTOMERUS  APPALACHIANUS  VIERECK^^ 

Neopristomerus  appalachiamcs  was  reared  from  caterpillars  of  La- 
phygmafrugiperda  collected  in  the  vicinity  of  Brownsville  in  every 
month  in  the  year  (Table  7)  except  December,  January,  and  February, 
and  was  most  numerous  in  April,  May,  June,  and  July,  when  it 
infested  1.4  per  cent  of  all  of  the  small  caterpillars  collected.  Larger 
collections  of  young  caterpillars  during  the  winter  months  might  show 
that  this  species  is  active  throughout  the  year  at  Brownsville.  It 
was  reared  from  Laphygma  exigua  Hbn.  in  October,  and  from  one  or 
more  species  of  Prodenia  in  April  and  July  (see  footnote  30,  p.  56). 

Neopristomerus  appalachianus  was  reared  at  Brownsville  from 
Laphygma  caterpillars  collected  (Table  10),  by  members  of  the  staff 
of  the  Brownsville  field  laboratory,  at  Victoria,  College  Station, 
Whittaker,  Kyle,  Waco,  and  Dallas,  Tex.;  at  Sulphur  Springs,  Okla., 
and  at  Shreveport,  La. 

Very  little  was  learned  concerning  the  habits  and  life  history  of 
this  parasite.  Experiments  in  breeding  it  were  unsuccessful,  owing 
to  failure  to  get  the  females  to  oviposit.  One  female,  which  was  kept 
in  a  small  vial  in  a  heated  room  and  fed  on  sugar  sirup,  lived  39  days. 
One  larva  spun  a  cocoon  on  April  5,  1916,  and  the  adult  emerged  on 
April  17.  The  length  of  time  in  the  cocoon  was  12  days,  at  an 
average  temperature  of  74°  F. 

OPHION  BILINEATUS  SAY  is 

OpMon  hilineatus  appears  to  be  very  effective  at  times,  and  in  some 
localities,  but  usually  it  is  not  very  numerous.  Of  7,121  large  cater- 
pillars of  Laphygma  collected  in  the  vicinity  of  Brownsville  (Table  8), 
120,  or  about  1.7  per  cent,  were  infested  with  Ophion.  It  was  reared 
from  caterpillars  collected  in  the  vicinity  of  Brownsville  in  every 
month  of  the  year  excepf  February,  March,  and  July,  but  was  most 
numerous  in  October.  Of  550  large  caterpillars  of  Laphygma  col- 
lected from  one -field  in  October,  1913,  11  per  cent  were  infested  with 
this  species. 

DISTRIBUTION 

This  parasite  was  reared  from  caterpillars  of  Laphygma  frugiperda 
collected  (Table  10),  by  members  of  the  staff  of  the  Brownsville  field 
laboratory,  from  the  following  localities  in  Texas:  Odem,  Beeville, 
Victoria,  Yoakum,  Brazoria,  Wharton,  Sugarland,  and  Whittaker.  In 
some  of  these  localities  it  was  more  numerous  than  at  Brownsville,  as  it 
destroyed  16  per  cent  of  the  total  number  of  caterpillars  collected  at 
Beeville,  Brazoria,  Sugarland,  and  Victoria.  Of  134  caterpillars  col- 
lected at  Sugarland,  84,  or  more  than  62  per  cent,  were  infested  with 
this  species. 


"  A  solitary  endoparasite,  Hymenoptera,  Ichneumonidae,  Ophioninae,  Cremastini. 
"A  solitary  endoparasite,  Hymenoptera,  Ichneumonidae,  Ophioninae,  Ophioninl. 
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OVIPOSITION 

In  the  experiments  with  this  parasite  in  the  laboratory  at  Browns- 
ville, 6-inch  battery  jars  and  9-inch  aquarium  jars  were  used  for  cages, 
as  were  also  large  glass-covered  trays  2  feet  square  by  4  inches  deep. 
The  parasites  were  not  observed  to  copulate  in  these  cages,  and  it  is 
probable  that  large  flight  cages  should  be  used  in  breeding  them. 

The  females  oviposited  in  the  daytime  in  caterpillars  of  the  second, 
third,  and  fourth  instars,  and  the  parasitic  larvae  emerged  later. 
Caterpillars  of  the  third  or  fourth  instar  appear  to  be  in  the  most 
favorable  stage. 

In  oviposition  the  female  rises  on  her  legs,  brings  the  tip  of  her 
abdomen  under  herself,  and  thrusts  it  forward,  stabbing  the  cater- 
pillar quickly  and  without  caution.  She  withdraws  her  ovipositor 
immediately. 

THE  LARVAL  STAGE 

The  number  of  days  from  oviposition  to  the  emergence  of  the  parasitic 
l^rva  from  the  host  is  short,  being  in  experiments  at  Brownsville  about 
10  days  (Table  23),  so  the  eggs  must  hatch  soon  after  oviposition. 

The  Ophion  larvae  usually  emerge  from  full-grown  caterpillars. 
Sometimes,  though  rarely,  they  emerge  from  the  pupae.  The  full- 
grown  parasitic  larva  eats  out  all  of  the  body  tissues  and  fluids  of  the 
host,  leaving  only  the  skin,  which  is  completely  filled  by  the  parasite 
just  before  it  emerges. 


Table  23.- 


-Interval  of  time  from  oviposition  to  the  spinning  of  the  cocoon  of  Ophion 
hilineatus  at  Brownsville,  Tex.,  in  1913  and  1914 


-  Date  of  oviposition 

Date  cocoons  were  spun 

Number 
of  cocoons 

Interval 

Tem- 
perature 

1913 
Nov.  13 

1913 
Nov.  24... 

1 

4 

7 

1 

Days 
11 

9 
11 
9 

op 

76 

1914 
Oct.  10 

1914 
Oct.  19 

75 

Do 

Oct.  21 

75 

Oct.  12 

do 

74 

THE  COCOON 


Under  natural  conditions  the  parasite  would  emerge  from  the  host 
after  the  caterpillar  had  entered  the  soil  and  had  prepared  a  cell  for 
pupation.  The  parasite  would  then  spin  its  cocoon  within  this  cell. 
It  spins  the  cocoon  soon  after  emergence  from  thfe  host,  usually 
completing  it  the  following  day. 

In  the  experiments  at  Brownsville  Laphygma  caterpillars  infested 
with  this  parasite  were  isolated  in  1-ounce  tin  boxes  to  prevent  them 
from  eating  one  another.  The  Ophion  larvae  had  difficulty  in  build- 
ing cocoons  in  these  boxes,  and  always  failed  to  complete  the  cocoons 
unless  leaves  or  other  material  were  so  placed  as  to  give  support  on 
all  sides.  In  other  words,  these  larvae  line  a  cavity  with  silk  to  form 
a  cocoon,  instead  of  constructing  the  cocoon  around  themselves,  as 
do  Meteorus  and  Sagaritis.  Those  larvae  died  which  failed  to  com- 
plete their  cocoons. 


THE  PUPAL  STAGE 


The  time  spent  in  the  cocoon  varies  considerably.  In  May  and 
June,  at  a  mean  temperature  of  82°  F.,  it  ranged  (Table  24)  from  13 
to  18  days,  with  an  average  of  143^  days,  for  males;  and  from  14  to 
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20  days,  with  an  average  of  16  days,  for  females.  In  October  and 
November  (Table  25)  the  time  was  longer,  being  20  days  at  a  mean 
temperature  of  73°,  and  30  days  at  67°.  In  these  cases,  especially 
those  of  the  shorter  periods  of  14  to  16  days,  the  larvae  probably 
pupated  soon  after  completing  the  cocoon;  and  the  interval  named 
probably  represents  the  length  of  the  pupal  stage,  which  would  vary 
as  influenced  by  the  temperature. 

Very  often  the  parasites  failed  to  emerge  from  these  cocoons  at 
the  normal  time,  and  when  such  cocoons  were  examined,  after  being 
kept  in  the  laboratory  for  several  months,  they  were  found  to  contain 
larvae.  Usually  the  adults  were  not  successfully  reared  from  these 
cocoons,  but  in  one  instance  (Table  25)  the  adult  emerged  after  103 
days.  The  length  of  the  pupal  stage  in  such  cases  is  probably  of 
normal  duration,  the  most  of  the  time  in  the  cocoon  being  spent  in 
the  larval  stage. 

Table  24. — Interval  from  the  spinning  of  the  cocoon  to  the  emergence  of  the  adult 
of  Ophion  bilineatus  at  Brownsville,  Tex.,  in  May  and  June,  1915 


Date  cocoons  were  spun  i 

Date  adults  emerged 

Adults 

Interval 

Mean 
tempera- 
ture 

Male 

Female 

fMay  31 

1 
2 

Days 
14 
15 
16 
17 
13 
14 
15 
16 
17 
20 
13 
14 
15 
16 
13 
14 
15 
16 
18 
14 
15 
16 
19 

0    f. 

82 

June  l._ 

1 
1 
1 

82 

June  2 

June  3 

81 

1 

fMay  31 

3 
6 
3 

82 

! 

June  1 

2 
4 

4 
2 

1 

82 

1 

June  2 

82 

May   18 

June  3 

82 

June  4 

82 

1 

June  7              -            

82 

i 

June  1 

1 
4 
6 
3 

i 

82 

June  2 

82 

Juno  3 

2 
3 

82 

1 

June  4 

82 

[June  2 

82 

82 

May  20 

June  4             .  

82 

June  5 

6 
2 

82 

1 

June  7 

June  4 

1 
2 

1 
1 

82 
82 

June  5 

2 

1 
1 

May  22.... 

/June  7 

82 

June  10 

1 

'The  caterpillars  were  collected  at  Sugarland  and  Brazoria,  Tex.,  in  May,  1915,  and  the  parasites  were 
reared  at  Brownsville. 

Table  25. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  of  Ophion  bilineatus  at  Brownsville,  Tex.,  in  1913,  1914,  ond  1916 


Date 

cocoons  were  spun 

Date  adults 
emerged 

Adults 

Inter- 
val 

Mean 
temper- 
ature 

Number 

Sex 

Mays 

1913 

1913 
May  24 

1 
1 
1 

1 
1 

1 

? 

Days 
16 
26 
30 

22 
20 

103 

"  F. 

Oct.  19 

Nov.  14 

? 

69 

Nov.24....   

Dec.  24. 

Male 

67 

Sept.  17 

1914 

1914 
Oct.  9 

Male 

78 

Oct.  19.._..- 

Nov.  8        -      . 

do 

Male 

73 

May30 

1915 

1915 
Sept.  10 
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SUMMARY  OF  DEVELOPMENTAL  PERIOD 

The  female  OpMon  hilineatus  oviposits  in  caterpillars  of  the  second, 
third,  or  fourth  instar.  The  mature  parasitic  larva  emerges  after  the 
caterpillar  has  entered  the  soil  and  formed  a  cell  for  pupation,  or 
after  about  10  days.  It  then  spins  its  cocoon  within  this  cell,  from 
which  the  adult  may  emerge  in  about  15  days. 

In  a  few  experiments,  recorded  in  Table  26,  the  interval  elapsing 
from  oviposition  to  the  emergence  of  the  adult  ranged  from  29  days 
to  41  days.  In  two  of  these  experiments,  begun  in  November,  1913, 
oviposition  in  second-instar  larvae  resulted  in  the  longer  time,  46  days, 
whereas  the  use  of  larvae  of  the  third  and  fourth  instars  gave  the 
shorter  interval  of  41  days.  In  the  experiments  at  Brownsville  the 
larval  stage  under  otherwise  identical  conditions  lasted  from  3  to  5 
days  longer  when  the  younger  caterpillars  were  used,  the  develop- 
ment of  the  parasite  appearing  to  correspond  with  the  growth  of  the 
caterpillar. 

NUMBER  OF  PROGENY  FROM  ONE  FEMALE 

One  female  Ophion  was  placed  for  five  hours  in  a  large  glass-covered 
tray  with  third-instar  and  fourth-instar  caterpillars  on  October  10, 
1914;  20  Ophion  larvae  later  emerged  from  20  of  the  caterpillars. 


Table  26.- 

-Interval  of  time  from  oviposition  to  the  emergence  of  the  adult  Ophion 
hilineatus  at  Brownsville,  Tex.,  in  1913  and  1914 

Date  of  ovipo- 
sition 

Date 
adults 
emerged 

Num- 
ber of 
adults  1 

Inter- 
val 

Tem- 
pera- 
ture 

Date  of  ovipo- 
sition 

Date 

adults 

emerged 

Num- 
ber of 
adults » 

Inter- 
val 

Tem- 
pera- 
ture 

1913 
Nov.  7 

1913 
Dec.  23 
Dec.  24 

1 

1 

Days 
46 
41 

•F. 
69 
69 

1914 

Oct.  10... 

Do 

1914 
Nov.    8 
Nov.  11 

1 
2 

Days 
29 
32 

"  F. 

74 

Nov.  13... 

74 

All  males. 


SEASONAL  fflSTORY,  OTHER  HOSTS,  AND  ENEMIES 


Caterpillars  parasitized  by  Ophion  do  not  seem  to  be  retarded  in 
growth.  The  parasites  emerge  from  the  host  about  the  time  that 
the  uninfested  caterpillars  are  pupating.  They  remain  in  the  cocoon 
long  enough  to  allow  the  adult  Laphygma  to  emerge  and  lay  eggs 
and  for  the  eggs  to  hatch.  In  other  words,  the  length  of  the  genera- 
tion in  the  parasite  corresponds  to  the  length  of  a  generation  in  the  host. 

This  parasite  appears  to  be  active  throughout  the  year  at  Browns- 
ville, and  probably  passes  through  about  1 1  generations. 

OpJiion  hilineatus  was  also  reared  from  Laphygma  exigua  Hbn. 

No  predacious  enemies  of  Ophion  were  noticed,  and  no  parasites 
were  reared  from  it;  but  no  cocoons  were  collected  in  the  field  for 
the  purpose  of  rearing  parasites.  It  therefore  remains  uncertain 
whether  or  not  Ophion  has  parasites  at  Brownsville. 

EUPLECTRUS  PLATYHYPENAE  HOWARD  lo 

Euplectrus  platyJiypenae  is  a  well-known  parasite  which  attacks 
caterpillars  of  many  species,  usually  attacking  the  later  instars  of  its 
host.  Of  about  7,000  large  caterpillars  of  Laphygma  (Table  8) 
collected  in  the  vicinity  of  Brownsville,  117,  or  about  Iji  per  cent, 
were  parasitized  by  this  species.     It  was  most  numerous  in  May,  and 

i»  A  gregarious  Ectoparasite,  Hymenoptera,  Eulophidae. 
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in  this  month  it  was  reared  from  about  8  per  cent  of  all  of  the 
large  caterpillars  collected. 

E.  platyhypenae  was  reared  at  Brownsville  from  caterpillars  of 
Laphygma  jrugiperda  (Table  10)  collected,  by  members  of  the  staff 
of  the  Brownsville  field  laboratory,  at  Beeville,  Tex.,  and  Morrilton  and 
Texarkana,  Ark. 


THE  ADULT 

Adults  emerged  from  cocoons  September  18,  1914,  and  were  placed 
in  a  large  vial  and  fed  on  sugar  sirup.  They  did  well  under  these 
conditions  and  lived  a  long  time,  the  last  one  dying  on  December  24, 
or  at  the  end  of  97  days.  These  parasites  were  kept  in  the  office  of  the 
Brownsville  field  laboratory,  where  the  temperature  was  above  70°  F. 
most  of  the  time. 

THE  INCUBATION  PERIOD 

The  eggs  are  ovoid  in  shape  and  white  when  first  laid,  changing 
later  to  gray  and  finally  to  shining  black.  They  are  deposited  on 
the  surface  of  the  caterpillar,  usually  in  a  group  of  from  20  to  30. 
When  the  eggs  hatch  they  open  lengthwise,  and  the  young  larvae 
immediately  attach  themselves  to  the  caterpillar  at  the  spot  where 
the  eggs  were  located. 

The  incubation  period,  as  observed  at  Brownsville,  lasted  about 
3  days  in  May  or  June  (Table  27),  at  a  mean  temperature  of 
80°  F.,  and  6  days  in  November,  at  a  mean  temperature  of  68°.^^ 

THE  LARVAL  STAGE 

The  larvae  are  pale  green  and  pear-shaped,  having  the  smaller,  or 
cephalic,  end  attached  to  the  caterpillar  and  the  rest  of  the  body 
free.  They  remain  in  a  cluster,  as  the  eggs  were  laid,  and  do  not 
change  their  position  until  they  are  ready  to  pupate.  The  number 
of  parasites  to  a  single  caterpillar  of  Laphygma  ranged,  according  to 
the  observations  at  Brownsville,  from  1  to  45.  The  greatest  number 
that  may  occur  in  one  cluster  is  about  30,  but  there  may  be  more 
than  one  cluster  on  a  single  host. 

The  length  of  the  larval  stage  (Table  28)  was  observed  to  be 
about  3)^  days  in  May,  at  a  mean  temperature  of  80°  F.,  and  about 
5  days  in  November,  at  a  mean  temperature  of  72°. 

Table  27. — Incubation  period  of  the  eggs  of  Euplectrus  platyhypenae  at  Brownsville, 
Tex.,  in  1913,  1914,  and  1915 


Date  of  oviposition 


June  15. 


1913 


May  5-6. 
May  7 

May  13--.. 
May  21-22. 
Oct.  28-29. 


1914 


May  19-20. 

May  20-21. 

Do..... 

May  21-22- 


1915 


Hour  of  oviposition 


8  to  12  a.  m. 


11  a.  m. 
9  a.  m.. 


Date  of  hatching 


1913 
June  18 

1914 
May  8-9_.. 
May  10 

May  16 

May  24-25. 
Nov.  4 

1915 
May  22-23. 

May  23 

May  23-24. 
May  24-25. 


Hour  of  hatching 


8  to  12  a.  m- 


6  p.  m 

sYo  12  a.  m. 


12  m- 


Period 


Days 
3 

3 

3 

3^ 

3 

6 

3 

3 
3 


Mean 
temper- 
ature 


MThe  observations  embodied  in  Tables  27,  28,  and  29  were  usually  made  at  9  a.  m.  and  4  p.  m.;  if  the 
event  recorded  occurred  between  9  a.  m.  and  5  p.  m.,  the  date  is  recorded;  if  it  occurred  at  any  other 
time,  the  two  possible  dates  are  given,  connected  by  a  hyphen.  Many  of  the  observations  were  made 
by  C.  L.  Scott,  at  the  time  an  assistant  at  the  Brownsville  field  laboratory. 
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Table  28. — Duration  of  larval  stage  of  Euplectrus  platyhypenae  as  observed  at 
Brownsville,  Tex.,  in  1914 


Date  eggs  hatched 

Hour  eggs  hatched 

Date  cocoons  were 
spun 

Hour  cocoons  were 
spun 

Dura- 
tion of 
stage 

Mean 
temper- 
ature 

Apr.  16 

5p.m 

Apr.  20 

1  to  5  p.  m 

Days 
4 
3 
3H 

4 
5 

4H 

op 

74 

May  8-9 

May  11-12      .. 

80 

May  10... 

May  13-14 

79 

May  24-25 

May  28 

80 

Nov.  4 

8  to  12  a.  m 

Nov.  9 

8  to  12  a.  m 

do 

72 

Nov.  12-13 

Nov.  17 

74 

THE  PUPAL  STAGE 

When  the  Euplectrus  larvae  are  mature  they  release  their  hold  on 
the  caterpillar,  which  collapses  and  remains  flattened  and  stretched 
out  its  entire  length  on  the  host  plant.  The  larvae  crawl  under  the 
caterpillar  and  spin  their  cocoons  side  by  side.  The  cocoons  appear 
to  be  little  more  than  cells  formed  between  the  caterpillar  and  the 
plant  by  partitions  which  are  made  of  looselv  woven  thick  threads  of 
silk. 

The  length  of  the  pupal  stage  (Table  29)  was  not  more  than  5 
days  in  July,  at  a  mean  temperature  of  83°  F.,  about  6  days  in  May 
and  June,  at  a  mean  temperature  of  80°,  and  about  8  days  in 
April,  at  a  mean  temperature  of  75°. 

Table  29. — Interval  of  time  from  the  spinning  of  the  cocoon  to  the  emergence  of  the 
adult  of  Euplectrus  platyhypenae  at  Brownsville,  Tejc.,  in  1911,  1912,  and  1914 


Date  cocoons  were 
spun 

Date  adults 
emerged 

Inter- 
val 

Mean 
temper- 
ature 

Date  cocoons  were 
spun 

Date  adults 
emerged 

Inter- 
val 

Mean 
temper- 
ature 

1911 
jLpr.  24.. 

1911 
May  1 

1912 
July  30 

Days 
5 

°  F. 
80 

83 

1914 
Apr.  20 

1914 
Apr.  27-29.. 
June  3 

Nov.  23 

Days 
8 
6 
6 

"  F. 

75 

May  28 

80 

1912 

77 

July  25 

SUMMARY  OF  DEVELOPMENTAL  PERIOD 

The  eggs  are  deposited  externally,  or  on  the  skin  of  the  host,  in  a 
cluster;  the  larvae  after  hatching  remain  in  a  cluster,  sucking  the 
juices  of  the  caterpillar  and  finally  pupating  under  its  extended  dead 
body.  The  incubation  period  lasts  from  3  to  6  days,  the  larval  stage 
from  3^^  to  5  days,  and  the  pupal  stage  from  5  to  8  days.  The  length 
of  the  total  life  history  ranges  from  about  1 1  days  in  the  summer  to 
19  or  more  days  in  the  winter. 

PARTHENOGENESIS 

An  unfertilized  female,  used  in  one  experiment,  deposited  eggs 
which  hatched,  and  the  resulting  larvae  developed  into  adults.  The 
sex  of  these  adults  was  not  recorded  in  the  notes. 


SEASONAL  HISTORY 


At  Brownsville  this  species  was  reared  from  Laphygma  caterpillars 
(Tables  7  and  8)  collected  in  every  month  of  the  year  except  February, 
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March,  and  August.  However,  it  was  reared  from  caterpillars  of  Cirphis 
latiuscula  collected  in  March  and  from  larvae  of  Cirphis  unipuncta 
collected  in  February;  it  therefore  appears  to  be  active  throughout 
the  year. 

The  total  life  cycle  requires  about  11  days  in  the  summer  months, 
about  19  days  in  the  fall  and  spring,  and  a  longer  period  in  December, 
January,  and  February.  Euplectrus  can  pass  through  from  18  to  20 
generations  during  the  year. 

OTHER  HOSTS,  PARASITES,  AND  PREDACIOUS  ENEMIES 

Adults  of  Euplectrus  platyJiypenae  have  been  reared  from  host 
caterpillars  of  Ixipliygma  exigua  Hbn.,  Cirphis  latiuscula  H.  S.,  Cirphis 
unipuncta  (Haw.),  and  one  or  more  species  of  Prodenia  (see  footnote 
30,  p.  56),  all  collected  at  Brownsville. 

From  June  1  to  June  11,  1914,  60  caterpillars  of  Laphygma  para- 
sitized with  cocoons  of  Euplectrus  were  collected  at  Brownsville  from 
corn  and  kept  for  the  purpose  of  rearing  the  parasites.  Smaller 
numbers  were  collected  in  other  months,  but  no  parasites  of  Euplectrus 
were  reared  from  these  collections. 

In  1912  two  caterpillars  of  Laphygma  parasitized  with  cocoons  of 
Euplectrus  were  collected  from  corn  by  the  writer  at  Tallulah,  La., 
from  which  were  reared  the  two  species  of  parasites  Tetrastichus 
euplectri  Gahan  and  Tetrastichus  dolosus  Gahan. 

Adults  of  the  lady  beetle  Ceratomegillafuscilabris  have  been  observed 
at  Brownsville  feeding  on  pupae  of  Euplectrus  platyhypenae. 

FRONTINA  ARCHIPPIVORA  SCUDDER21 

Only  a  few  specimens  of  the  tachinid  parasite  Frontina  archippivora 
were  reared  from  the  collections  made  at  Brownsville,  and  none  from 
any  other  host  than  Laphygma.  Of  more  than  16,000  caterpillars 
of  Laphygma  jrugiperda  collected  (Tables  7  and  8)  only  6  specimens 
of  Frontina  were  reared;  and  as  these  collections  were  made  during 
most  of  the  months  of  the  year  and  covering  a  period  of  several  years, 
it  appears  that  this  species  is  a  rare  parasite  of  L.  Jrugiperda  in  the 
cornfields  at  Brownsville.  However,  it  might  be  more  numerous  in 
some  other  habitat  or  during  an  outbreak  of  the  fall  army  worm. 

Two  specimens  of  this  parasite  were  reared  from  larvae  collected 
at  Victoria,  Tex.  (Table  10),  the  only  locality  except  Brownsville 
from  which  it  w^as  reared. 

Specimens  were  reared  from  larvae  of  Laphygma  collected  at 
Brownsville  in  May,  1911,  in  April,  June,  and  July,  1914,  and  in  June, 
1916. 

Little  was  learned  concerning  the  habits  and  life  history  of  this 
species,  except  that  the  host  is  killed  in  the  larval  stage. 

ARCHYTAS   PILIVENTRIS   VAN   DER   WULP" 

Archytas  piliventris  is  a  common  tachinid  parasite  of  Laphygma 
frugiperda  in  southern  Texas.  Its  natural  habitat  appears  to  be 
fields  of  tall-growing  grasses,  such  as  corn,  the  sorghums,  and  sugar 
cane.  It  was  reared  from  5.2  per  cent  of  all  caterpillars  collected  in 
the  vicinity  of  Brownsville  (Tables  7  and  8),  and  is  next  in  importance 

»  Diptera,  Tachlnidae.  n  Diptera,  Taohlnidae. 
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to  Ohelonus  texanus  as  a  parasite  of  Laphygma  in  the  cornfields. 
Apparently  its  attack  is  principally  against  caterpillars  in  the  later 
stages,  the  fifth  and  sixth  instars,  of  which  10.6  per  cent  (Table  8) 
are  infested  by  this  species.  It  may  be  considered  a  destroyer  of  at 
least  10  per  cent  of  all  the  caterpillars  of  Laphygma  that  escape 
infestation  by  other  parasites.  If  larger  numbers  of  caterpillars  in 
the  sixth  instar  were  collected  and  reared,  they  probably  would  show 
a  greater  percentage  of  infestation. 

This  parasite  was  reared  from  larvae  of  L.  Jrugiperda  collected 
(Table  10) ,  by  members  of  the  staff  of  the  Brownsville  fiejd  laboratory, 
at  Beeville,  Victoria,  and  Sugarland,  Tex.  These  localities  are  all  in 
the  Gulf  coast  district. 

It  was  difficult  to  keep  reared  adults  of  Archytas  piliventris  alive 
in  cages  until  they  were  ready  to  deposit  their  larvae.  E.  G.  Smyth 
kept  some  of  them  in  large  lantern  globes  and  observed  them  copu- 
lating in  these  cages,  but  did  not  succeed  in  keeping  them  alive  long 
enough  to  observe  their  life  history.  The  writer  was  able  to  keep  them 
alive  about  12  days  in  narrow  upright  screen  cages  8  by  10  inches  by 
one-half  inch,  and  the  life  history  was  first  worked  out  with  flies  kept 
in  such  cages;  but  it  was  found  easier  to  use  flies  captured  in  the 
field. 

Several  experiments  were  conducted  in  October,  1914.  In  one, 
six  Archytas  females,  which  had  been  kept  in  a  cage  from  7  to  12 
days,  were  placed  in  a  large  glass-covered  tray  with  caterpillars  of 
Laphygma  in  the  fifth  and  sixth  instars  feeding  on  corn  leaves.  The 
act  of  larviposition  and  the  habits  of  the  young  maggots  were  observed 
in  this  experiment,  as  described  in  the  three  paragraphs  which  follow. 
After  a  few  hours  the  caterpillars  were  removed  and  isolated  in  tin 
boxes,  and  the  adults  were  reared  from  them.  The  experiment  was 
repeated  several  times  with  reared  flies,  and  with  one  fly  brought 
from  the  field. 

LARVIPOSITION 

Archytas  'piliventris  deposits  live  larvae  on  the  host  plant  of  the 
caterpillar,  as  was  observed  by  the  writer  during  the  progress  of 
several  experiments  in  the  laboratory.  A  female  Archytas  would 
approach  a  caterpillar  on  a  corn  leaf  and  quickly  deposit  several 
larvae  near  it  on  the  leaf.  One  fly,  which  was  caged  with  caterpil- 
lars feeding  on  corn  leaves,  deposited  15  maggots  in  60  seconds  on 
the  leaves  of  corn  and  on  the  glass  sides  of  the  cage. 

C.  L,  Scott,  on  October  7,  1914,  at  Brownsville,  made  the  follow- 
ing observations  on  the  habits  of  these  flies  in  the  field : 

While  collecting  Laphygma  larvae  in  a  field  of  young  corn  I  observed  flies, 
Archytas  -piliventris,  hovering  over  corn  plants  which  were  infested  with  large 
caterpillars.  They  acted  much  like  bees  hovering  over  flowers.  They  went 
from  one  plant  to  another,  dropping  down  into  infested  plants  and  crawling 
around  over  the  area  where  the  larvae  were  at  work,  apparently  ovipositing. 

One  of  the  flies  captured  at  that  time  by  Mr.  Scott  was  used  the 
next  day  in  cage  experiments  in  the  laboratory,  where  it  was  observed 
to  deposit  live  larvae. 

THE  LARVAL  STAGE 

The  newly  deposited  maggots  are  bluish  green  in  color  and  lie  close 
to  the  leaf  until  disturbed.  When  disturbed  they  stand  erect  and 
wave  their  heads  about,  as  may  be  observed  after  jarring  the  leaf  by 
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touching  it  near  the  maggots  with  some  object  such  as  a  pencil.  The 
maggots  usually  succeed  in  crawling  upon  caterpillars  which  pass 
over  them.  It  was  difficult  to  find  the  maggots  after  they  attached 
themselves  to  the  caterpillars,  and  their  method  of  entering  the  host 
was  not  observed. 

The  length  of  time  that  the  young  maggots  can  live  on  the  host 
plant  is  unknown,  but  probably  many  maggots  succeed  in  attacking  a 
caterpillar  within  a  few  hours  after  they  are  deposited  upon  the  plant. 

The  length  of  the  larval  stage  from  the  time  that  the  maggot 
enters  the  caterpillar  until  the  formation  of  the  puparium  was  not 
ascertained  exactly  for  each  individual  under  observation,  but 
development  is  rather  rapid.  In  the  experiments  summarized  in 
Table  30  it  occupied  approximately  12  days. 

Table  30. — Interval  of  time  from  larviposition^  to  the  emergence  of  the  adult  of  Archy- 
tas piliventris,  observed  at  Brownsville,  Tex.,  in  October  and  November,  1914 


Date  of  larvipo- 
sitlon 

Date  of 

emer- 
gence of 

adult 
Archytas 

Num- 
ber of 
adults 

Inter- 
val 

Mean 
temper- 
ature 

Date  of  larvipo- 
sition 

Date  of 
emer- 
gence of 

adult 
Archytas 

Num- 
ber of 
adults 

Inter- 
val 

Mean 
temper- 
ature 

Oct.  7 

Oct.   27 
Nov.   9 

1 
1 

Days 
20 
33 

op 

75 
74 

Oct.  8 

Nov.    4 
Nov.   5 

2 

1 

27 

»  F. 

74 

Do 

Oct.  9 

74 

'The  caterpillars  were  removed  from  the  cage  and  isolated  within  6  hours  from  the  time  maggots 
were  deposited  on  the  corn  leaves  by  the  Archytas  females. 

The  number  of  days  that  elapse  between  the  time  when  the  maggot 
attacks  the  caterpillar  and  the  pupation  of  the  caterpillar  depends 
upon  the  stage  at  which  the  caterpillar  becomes  infested.  This  usually 
occurs  in  the  fifth  or  sixth  instar,  but  a  few  larvae^  are  attacked  in 
earlier  stages — probably  the  fourth  instar.  In  the  writer's  experi- 
ments, in  which  caterpillars  in  the  fifth  and  sixth  instars  were  used, 
pupation  of  the  caterpillar  occurred  in  from  5  to  10  days  after  it  was 
infested  by  the  maggot.  The  infested  caterpillars  are  not  retarded 
in  development,  and  pupation  occurs  at  the  normal  time. 

The  number  of  days  that  elapse  between  the  pupation  of  the  cater- 
pillar and  the  formation  of  the  puparium  also  depends  upon  the  stage 
at  which  the  caterpillar  becomes  infested.  Infestation  in  the  sixth 
instar,  for  instance,  requires  a  longer  time  after  pupation.  In  one 
instance  in  October  the  number  of  days  was  8,  but  in  many  of  the 
experiments  in  rearing  it  was  shorter,  and,  approximately,  the  varia- 
tion was  between  4  and  10  days. 

THE  PUPARIAL  STAGE 

Usually  the  exact  length  of  the  puparial  stage  was  not  observed  in 
the  experiments  at  Brownsville.  The  puparium  is  formed  within  the 
host  pupa  several  days  after  pupation.  Within  two  or  three  days 
after  the  puparium  is  formed  the  host  pupa  turns  black,  and  the 
presence  of  the  parasite  may  be  ascertained  readily,  as  the  anal  portion 
of  the  pupa,  which  projects  beyond  the  puparium,  can  be  broken  off 
and  the  puparium  removed. 

The  length  of  time  that  elapses  between  the  pupation  of  the 
caterpillar  and  the  emergence  of  the  adult  fly  is  subject  to  considerable 
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variation,  because  the  length  of  the  puparial  stage  depends  upon  the 
temperature.  In  June  (Table  31),  at  a  mean  temperature  of  80°  F., 
it  ranged  from  14  to  19  days,  with  an  average  of  about  16  days.  In 
December  and  January,  with  a  mean  temperature  of  57°,  it  was  about 
52  days,  about  43  days  being  spent  in  the  puparium. 

Table  31. — Interval  of  time  from  the  pupation  of  the  caterpillar  of  Laphygma  to 
the  emergence  of  the  adult  Archytas  piliventris  at  Brownsville,  Tex.,  in  1910,  1912, 
1913,  and  1914 


Date  of  pupation  of  caterpillar 

Date  of  emergence  of  adult  Archytas 

Number 
of  cater- 
pillars 

Interval 

Mean 
tempera- 
ture 

1910 
Oct.  5 

1910 
Oct  24 

1 

2 

1 

Days 
19 

53 
51 

43-52 
21 
18 
18 
17 
15 
16 
17 
18 
19 
14 
16 
15 
17 
14 

15 

24 

17-21 

17 

°  F. 

1912 
Dec.  5 

1913 
Jan  27 

57 

Dec.  6  . 

Jan. 26 

57 

1913 
Jan.  17-20                         

Mar  4-10 

63 

Apr.  24 ! 

May  15           

75 

May  3  >- 

May21 

May  22        

78 

May  4 

78 

May9       

May  26 

78 

June  1 

June  16 

80 

Do 

Do... _ 

June  17 

June  18-  _ - 

80 
80 

Do _  - 

June  19    

80 

Do 

June  20 

80 

Junes 

Do.-. 

June  17 

June  19 

79 
80 

June  4 

do     ._ 

80 

Do 

June  21 

80 

June  6 

June20    

80 

1914 
Oct.  12. 

1914 
Oct.  27 

74 

Oct.  16 

Nov.  9 

70 

Oct.  14-18 

Nov.  4 

71 

Oct.  19 

Nov.  5 

71 

iThe  observations  in  May  and  June,  1913,  were  made  by  E.  Q.  Smyth. 

One  puparium  was  formed  on  October  13,  1910,  and  the  adult 
emerged  on  October  24;  the  puparial  stage  therefore  occupied  11 
days,  which  appears  to  be  about  the  average  for  June  and  October, 
at  a  mean  temperature  ranging  from  70°  to  80°  F.  But  in  one  of 
the  experiments  conducted  in  October,  1914,  this  stage  required  only 
about  8  days.  It  may  therefore  be  considered  that  the  duration  of 
the  puparial  stage  ranges  from  about  8  days  in  the  summer  to  about 
43  days  in  December  and  January. 

SUMMARY  OF  DEVELOPMENTAL  PERIOD 

Archytas  'piliventris  is  diurnal  in  habit.  The  females  deposit  mag- 
gots on  the  host  plant  of  the  caterpillar,  and  some  of  the  maggots 
attach  themselves  to  the  caterpillar  when  it  passes  over  them. 
These  maggots  penetrate  through  the  skin  of  the  caterpillar,  and 
their  entire  subsequent  life  until  the  emergence  of  the  adult  fly  is 
spent  within  the  host,  which  enters  the  soil  and  pupates  in  the 
normal  manner.     The  maggot  eats  out  nearly  all  the  contents  of  the 
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pupated  host  and  forms  its  puparium  within  the  empty  skin  in  from 
4  to  10  days  after  pupation  of  the  caterpillar.  The  adult  fly  emerges 
in  from  8  to  43  days  after  the  formation  of  the  puparium. 

The  total  length  of  the  life  cycle  of  ^.  piliventris,  from  the  time  the 
maggots  attached  themselves  to  the  caterpillars  to  the  emergence  of 
the  adults,  is  summarized  in  Table  30  for  several  experiments  con- 
ducted in  the  month  of  October.  A  larger  number  of  flies  than  are 
listed  in  Table  30  were  bred  in  these  experiments  but  the  time  of  the 
emergence  of  each  was  not  recorded,  and  only  the  first  and  last 
individuals  are  tabulated  in  the  experiment  of  October  7.  As  is 
shown,  the  length  of  the  cycle  varied  from  20  to  33  days,  at  an 
average  temperature  of  74°  F. 

SEASONAL  fflSTORY,  OTHER  HOSTS,  AND  NATURAL  ENEMIES 

Archytas  piliventris  was  reared  from  caterpillars  of  LapJiygma 
frugiperda  collected  in  every  month  in  the  year  except  February  and 
July  (Tables  7  and  8)  and  was  reared  from  other  hosts  collected  in 
February.  It  therefore  appears  to  be  active  throughout  the  year  at 
Brownsville  but  is  most  numerous  in  April,  infesting  (Table  8)  19 
per  cent  of  all  of  the  large  caterpillars  collected  in  that  month. 

As  the  female  of  this  fly  does  not  deposit  her  larvae  on  the  host 
plant  until  8  or  10  days  after  she  emerges  from  the  puparium,  a 
complete  generation  in  the  summer  months  requires  about  30  days. 
In  the  winter  months  the  period  appears  to  be  about  60  days.  Probably 
from  8  to  10  generations  occur  during  the  year  at  Brownsville. 

At  Brownsville  Archytas  piliventris  was  reared  from  Cirphis  latins- 
cvla  (H.  S.)  and  from  Cirphis  unipuncta  (Haw.). 

No  enemies  of  Archytas  piliventris  were  observed  and  no  parasites 
were  reared,  but  as  no  puparia  were  collected  from  the  field  for  the 
purpose  of  rearing  parasites  the  writer  can  not  say  that  there  are  no 
parasites  of  Archytas  at  Brownsville. 

BEAUVERIA  GLOBULIFERA  (SPEG.) 

Beauveria  glohulifera  is  a  common  fungous  parasite  on  lepidopterous 
larvae  in  southern  Texas.  As  a  destroyer  of  caterpillars  of  Laphygma 
jrugiperda  it  is  outranked  (Tables  7  and  8)  only  by  the  hymenopterous 
parasites  Chelonus  texanus,  Meteorus  laphygmae,  and  Sagaritis  duhitatus, 
and  by  the  tachinid  parasite  Archytas  piliventris. 

Caterpillars  of  Laphygma  jrugiperda  infested  with  Beauveria  glohulij- 
era  were  collected  in  every  month  in  the  year  except  February,  June,' 
August,  and  September  (Tables  7  and  8);  and  caterpillars  of  Cirphis 
latiuscula  infested  with  this  fungus  were  collected  in  February.  As 
only  two  infested  caterpillars  were  collected  in  July,  the  practical 
absence  of  this  fungus  from  collections  made  in  June,  Jul}^,  August, 
and  September  is  noticeable.  These  are  not  only  the  hottest  months 
of  the  year  at  Brownsville  but,  usually,  heavy  rains  occur  in  May, 
June,  August,  and  September. 

Caterpillars  of  Laphygma  killed  by  this  fungus  were  observed  to  be 
rather  numerous  in  cornfields  in  November,  1913.  On  November  4 
the  writer  observed  4  caterpillars  which  were  covered  by  the  white 
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mycelium  of  this  fungus,  and  18  of  these  dead  caterpillars  were  counted 
in  about  one  hour  in  a  cornfield  on  November  26.  Caterpillars  of 
Laphygma  infested  with  Beauveria  glohulifera  were  also  numerous  in 
collections  made  in  October,  November,  and  December,  1913,  infesting 
9.5  per  cent  of  larvae  collected  in  November  and  December  and  2.3 
per  cent  of  larvae  collected  in  October,  whereas  very  few  infested 
caterpillars  were  collected  in  these  months  in  the  years  1914  and 
1915. 

Larvae  attacked  by  Beauveria  glohulifera  usually  die  stretched  out 
at  full  length,  in  the  fourth,  fifth,  or  sixth  instar.  When  dead  they 
are  rigid,  and  some  of  them  look  lifelike;  but  they  soon  become  cov- 
ered by  a  white  mycelium,  upon  which  green  spores  appear  later. 

At  Brownsville,  in  the  nionths  named,  caterpillars  of  the  following 
species  were  collected,  which  were  infested  with  this  fungus:  Feltia 
annexa  Treit,  in  April  and  May;  a  species  of  Prodenia,  in  April;  a 
species  of  Autographa,  in  April  and  March;  Euremus  eurytheme  Bdv., 
in  March;  HeliotJiis  ohsoleta  (Fab.)  and  Lycophotia  margaritosa  Haw., 
in  February;  Cirphis  latiuscula  (H.  S.),  in  November,  February, 
March,  and  April;  and  Cirphis  unipuncta  (Haw.),  in  March. 

SPILOCHALCIS  FALLENS  (CRESSON)  23 

Spilochalcis  pollens  is  parasitic  on  some  of  the  parasites  of  La- 
phygma or  hyperparasitic  on  LapJiygmae  Jrugiperda.  It  was  reared 
in  July,  1912,  at  Brownsville  from  cocoons  of  Meteorus  laphygmae 
(Table  18)  and  of  Rogas  laphygmae  (p.  35),  the  cocoons  having  been 
collected  from  Bermuda  grass  at  the  time  of  a  local  outbreak  of  the 
fall  army  worm.  At  this  time  30  per  cent  of  the  Meteorus  cocoons 
were  infested  with  this  parasite.  In  June  and  in  September,  1914,  it 
was  reared  from  cocoons  of  M.  laphygmae  collected  from  corn  (p.  33). 
In  the  course  of  some  laboratory  experiments  it  was  bred  from  co- 
coons of  Apanteles  marginiventris  Cresson,  but  it  was  never  reared 
from  Apanteles  cocoons  collected  in  the  field. 

According  to  the  data  collected  at  the  Brownsville  field  station, 
Spilochalcis  pallens  appears  to  be  the  most  important  of  the  parasites 
of  M.  laphygmae  in  southern  Texas;  and  under  certain  conditions  it 
may  seriously  reduce  the  effectiveness  of  this  parasite  as  a  destroyer 
of  noctuid  caterpillars. 

Two  female  S.  pallens  which  were  reared  from  cocoons  collected 
September  16,  1914,  were  kept  in  a  large  vial  and  fed  regularly  on 
sugar  sirup.  They  lived  until  November  26,  or  about  71  days,  hav- 
ing been  kept  in  a  room  where  the  temperature  was  above  70°. 

Females  of  this  species  were  observed  ovipositing;  one  completed 
oviposition  in  a  cocoon  oiA.  marginiventris  in  about  10  minutes.  The 
Meteorus  cocoons  are  much  harder,  and  one  female  consumed  45 
minutes  in  ovipositing  in  on6  of  them. 

THE  LARVAL  STAGE 

A  large  number  of  experiments  on  the  developmental  period  of 
Spilochalcis  pallens  (Table  32)  were  performed  in  October  and  No- 
vember, 1914,  Meteorus  laphygmae  serving  as  a  host.     The  cocoons  of 

w  Hymenoptera,  Chalcididae. 
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M.  laphygmae  are  nearly  transparent,  and  it  is  possible  to  determine 
when  pupation  of  the  host  or  of  the  parasite  has  occurred  by  exam- 
ining the  cocoon  under  a  binocular  microscope  by  transmitted  light. 
The  duration  of  the  larval  stage  in  October  ranged  from  5  to  9 
days.  In  the  early  part  of  October,  at  a  mean  temperature  of  80° 
F.  and  a  range  in  temperature  of  75°  to  84°,  the  average  duration 
was  approximately  6  days;  at  a  mean  temperature  of  75°,  with  a 
range  of  from  62°  to  84°,  the  average  time  was  8  days. 

Table  32. — Record  of  experiments  on  the  developmental  period  of  Spilochalcis  vallens. 
Meteorus  laphygmae  being  used  as  a  host,  at  Brownsville,  Tex.,  in  October  and 
November,  1914^ 


Date  of 
pupation 

Larval  stage 

Date 

adults 

emerged 

Num- 
ber of 
adults* 

Pupal  stage 

Developmental 
period 

Date  of  oviposition 

Length 

Mean 
temper- 
ature 

Length 

Mean 
temper- 
ature 

Total 
length 

Mean 
temper- 
ature 

Oct.  5   

Oct.    12 
...do._.. 
...do 

Days 

7 
5 

op 

80 
80 
80 

Oct.    19 
Oct.   21 

—do 

Oct.   20 
Oct.   24 

...do. 

Oct.   25 

...do 

Oct.    27 

— do..— 

...do.— . 
Oct.    28 
Oct.    29 
Oct.    30 
Oct.    29 
Nov.  28 

1 
1 
5 
2 
2 
1 
2 
2 
2 
1 

2 

2 

1 
3 

Bays 
7 
9 
9 

OF. 
73 
73 

74 

Days 
14 
16 
14 
12 
15 
14 
15 
15 
17 
15 
15 
16 
17 
18 
17 
25 

76 

Do_ 

Oct.  7_ 

Oct.  8        -         . 

77 
76 
76 

Oct  9  

Oct.    16 
Oct.    18 

...do 

Oct.    19 

...do  — 

7 
8 
8 
9 
9 
7 
8 
8 
9 
9 
8 

76 
75 
75 
76 
76 
74 
75 
75 
75 
75 
75 

8 
6 
7 
6 
8 
8 
7 
8 
8 
9 
9 

76 
78 
77 
76 
75 
75 
74 
73 
72 
72 
73 

76 

Oct.  10 

76 

Do„ 

Do     —    - 

76 
76 

Do  

75 

Oct.  12 

do   ... 

74 

Do - 

Oct.   20 
do 

74 

Do 

74 

Do 

Oct.    21 
...do   .- 

73 

Do   

73 

Do 

Oct.   20 

74 

Nov.  3 .— ^ 

68 

>  The  dates  given  in  the  first  column,  except  Oct.  5,  are  the  dates  the  parasites  were  removed  from  the 
cage;  they  were  placed  in  the  cage  the  day  previous;  the  dates  given  in  the  other  columns  are  those  upon 
which  the  observations  were  made;  the  numbers  given  under  the  columns  for  length  of  larval  stage,  pupal 
stage,  and  total  length  of  life  are  figured  from  the  dates  given,  and  the  actual  number  of  days  may  in  each 
case  have  been  1  more  or  1  less.  The  length  of  the  larval  stage  from  Oct.  5  to  Oct.  12  may  have  been  1  day 
less,  or  approximately  6  days. 

» All  males. 

THE  PUPAL  STAGE 

The  length  of  the  pupal  stage  (Table  32)  ranged  from  6  to  9  days. 
At  mean  temperatures  ranging  from  76°  to  78°  F.  the  average  dura- 
tion was  7  days;  at  mean  temperatures  ranging  from  72°  to  75°  it 
was  8  days. 


INTERVAL  FROM  OVIPOSITION  TO  THE  EMERGENCE  OF  THE  ADULT 

With  Meteorus  laphygmae  as  a  host,  the  interval  from  oviposition 
to  the  emergence  of  the  adult  was  14  daj^s,  at  a  mean  temperature  of 
76°  F.,  and  16  days  at  a  mean  temperature  of  74°.  During  the  prog- 
ress of  these  experiments  the  lowest  daily  minimum  temperature  was 
62°  and  the  highest  daily  maximum  84°.  There  was  a  sudden 
drop  in  temperature  on  October  13,  which  retarded  the  development 
6f  the  parasites  after  that  time.  In  November  the  total  interval 
from  oviposition  to  the  emergence  of  the  adult  required  25  days,  at 
a  mean  temperature  of  68°. 
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Two  experiments  (Table  33)  were  performed,  Apanteles  margini- 
ventris  being  used  as  a  host.  In  one  experiment,  begun  on  October  7, 
the  total  interval  from  oviposition  to  emergence  was  from  12  to  14 
days,  at  a  mean  temperature  of  76°  F.,  whereas  in  November  it  was 
about  28  days,  at  a  mean  temperature  of  66°. 

Table  33. — Record  of  experiments  on  the  developmental  period  of  Spilochalcis 
pollens,  at  Brownsville,  Tex.,  in  October  and  November,  1914,  Apanteles 
marginiventris  being  used  as  a  host 


Date  of  oviposition 

Date 

adults 

emerged 

Number 
of  adults' 

Total 
length  of 
develop- 
mental 
period 

Mean 
tempera- 
ture 

Oct  7                                                                                            

Oct.   19 
Oct.   20 
Oct.   21 
Dec.     8 

2 
2 

1 
2 

Days 
12 
13 
14 
28 

°F. 

76 

Do               -      -      --- 

76 

Do                                                              --           — - 

76 

Nov.  10 - --- 

66 

All  males. 


PARTHENOGENESIS 


The  adults  of  this  species  were  kept  in  vials  28  mm.  by  100  mm. 
in  size,  and,  although  the  males  courted  the  females  much  of  the  time, 
they  were  not  observed  in  the  act  of  copulation.  As  all  of  the  progeny 
bred  in  the  experiment  on  life  history  were  males,  it  is  probable  that 
this  species  can  reproduce  parthenogenetically. 

SPILOCHALCIS  TORVINA  (CRESSON)  2< 

Spilochalcis  torvina  was  reared  from  cocoons  of  Meteorus  lapJiygmae 
collected  from  corn  in  September,  1914  (p.  33),  but  was  not  reared 
from  collections  of  M.  laphygmae  from  corn  made  in  June  of  that 
year.  Less  than  one-half  of  1  per  cent  of  all  of  the  Meteorus 
cocoons  collected  in  cornfields  in  June  and  September  of  that  year 
were  infested  with  this  species.  Of  Mr.  Smyth's  collections  (Table 
18)  of  cocoons  of  if.  laphygmae  taken  from  Bermuda  grass  in  July, 
1912,  16  per  cent  were  infested  with  S.  torvina,  which  was  next  in 
importance  to  S.  pallens  as  a  parasite  of  M.  laphygmae. 

This  parasite  was  not  reared  at  Brownsville  from  cocoons  oi  Apan- 
teles marginiventris,  Sagaritis  duhitatus,  or  Rogas  laphygmae. 

Two  female  S.  torvina  reared  from  Meteorus  cocoons  collected  Sep- 
tember 16,  1914,  were  kept  in  large  vials  and  fed  regularly  on  sugar 
sirup.  One  of  them  lived  until  April  10,  1915,  and  the  other  died  a 
few  days  earlier.  These  parasites  lived  about  six  and  one-half  months. 
They  were  kept  in  the  office,  where  the  temperature  was  above  70° 
F.  the  greater  part  of  the  time. 

Several  experiments  (Table  34)  were  carried  on  in  October  and 
November,  1914,  to  obtain  information  concerning  the  developmental 
period  of  S.  torvina.     M.  laphygmae  was  used  as  the  host  insect. 

'<  Hymenoptera,  Chalcididae. 
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Table  34. — Experiments  on  the  developmental  period  of  Spilochalcis  torvina,  at 
Brownsville,  Tex.,  in  October  and  November,  1914,  Meteorus  laphygmae  being 
tised  as  a  host 


Date  of 
pupation 

Larval  stage 

Date 

adults 

emerged 

Num- 
ber of 
adults' 

Pupal  stage 

Developmental 
period 

Date  of  oviposltion » 

Length 

Mean 
temper- 
ature 

Length 

Mean 
temper- 
ature 

Total 
length 

Mean 
temper- 
ature 

Oct.  12 

Oct.   20 

Days 
8 

"  F. 
75 

Oct.  29 
Nov.   6 
Nov.    7 
Dec.    7 

2 

1 
1 
2 

Days 
9 

op 

72 

Days 
17 
18 
19 
28 

op 

74 

Oct.  19 

73 

Do    _ 

73 

I^ov.  10 

Nov.  17 

»7-9 

68 

20 

65 

66 

>  See  footnote  under  Table  32, 

*  All  males. 

•The  date  on  which  the  parasites  were  placed  with  the  cocoons  was  not  recorded. 

In  October  the  length  of  the  larval  stage  was  about  8  days,  at  a 
mean  temperature  of  75°  F.  In  the  same  month  the  length  of  the 
pupal  stage  was  9  days,  at  a  mean  temperature  of  72°,  and  in  Novem- 
ber it  was  20  days,  at  a  mean  temperature  of  65°. 

The  length  of  the  total  period  from  oviposition  to  the  emergence 
of  the  adult  ranged  from  17  to  19  days  in  October,  at  a  mean  tem- 
perature of  73°  F. ;  in  November  it  was  approximately  28  days  at  a 
mean  temperature  of  66°. 

Males  and  females  of  S.  torvina  were  kept  in  large  shell  vials  28 
by  100  millimeters  in  size,  and  fed  on  sugar  sirup,  but  were  never 
observed  in  the  act  of  copulation.  Although  it  is  not  certain  that 
the  females  used  in  the  life-history  experiments  recorded  in  Table  34 
were  unfertilized,  the  fact  that  all  of  the  progeny  were  males  indicates 
that  they  were  not  and  that  this  species  can  reproduce  parthenoge- 
netically. 

DIBRACHYS  METEORI  GAHAN  25 

Dibrachys  meteori  was  reared  at  Brownsville  from  cocoons  of  Meteo- 
rus laphygmae,  Sagaritis  duhitatus,  and  Rogas  laphygmae,  collected 
in  the  field.  It  was  not  reared  from  collected  cocoons  of  Apanteles 
marginiventris;  but  in  laboratory  experiments  it  was  bred  from  cocoons 
of  all  the  four  species  of  parasites  here  named. 

Of  206  cocoons  of  M.  laphygmae  collected  from  corn  in  June,  1914 
(p.  33),  3  per  cent  were  infested  with  D.  meteori;  but  a  larger  number 
of  cocoons  cpllected  in  September  were  uninfested.  In  July,  1912, 
12}^  per  cent  (Table  18)  of  cocoons  collected,  chiefly  from  Bermuda 
grass,  were  so  infested. 

Of  14  cocoons  of  A.  marginiventris  collected  in  June,  1914,  none 
were  infested  with  Dibrachys,  but,  owing  to  the  small  number  of 
cocoons  collected^  this  fact  is  not  especially  significant. 

Of  332  cocoons  of  S.  duhitatus  collected  from  corn  (p.  38)  in  June, 
1914,  2.7  per  cent  were  infested  with  Dibrachys. 

Of  124  cocoons  of  R.  laphygmae  collected  from  corn  in  June,  1914 
(p.  35),  4.8  per  cent  were  infested  with  this  species;  but  it  was  not 
reared  from  the  few  cocoons  collected  from  Bermuda  grass  in  July, 
1914. 


M  Hymenoptera,  Pteromalidae. 
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The  writer  observed  this  species  ovipositing  in  a  cocoon  of  M. 
lapJiygmae  on  June  17,  1914.  The  parasite  first  walked  all  over  the 
cocoon,  exploring  it  carefully  with  the  tips  of  her  antennae.  When 
a  suitable  place  was  found  she  bent  her  abdomen  down  and  placed 
the  tip  of  her  ovipositor  in  contact  with  the  cocoon,  directly  under 
the  middle  of  her  body.  Then  she  brought  her  abdomen  back  to  its 
normal  position,  and  the  ovipositor,  freed  from  its  sheath,  was  left 
pointing  directly  downward  from  the  cephalic  part  of  the  abdomen. 
Then,  with  short,  quick  jabs,  she  slowly  drilled  a  hole  through  the 
wall  of  the  cocoon,  this  task  occupying  about  one  hour.  After  ovipos- 
iting, she  worked  at  the  hole  in  the  cocoon  with  her  mouth  until  she 
closed  it.  The  cocoons  in  which  she  oviposited  were  spun  two  days 
previously,  and  the  Meteorus  were  in  the  pupal  stage.  The  location 
selected  for  oviposition  was  near  the  cap  end  of  the  cocoon,  and  was 
so  located  that  the  egg  could  be  placed  in  the  thorax  of  Meteorus 
from  the  dorsal  side. 

When  disturbed  and  compelled  to  give  up  the  work  of  drilling  in 
one  cocoon,  this  female  returned  later  and  continued  drilling  in  the 
same  hole. 

It  is  possible  to  watch  with  a  binocular  microscope,  by  transmitted 
light,  the  development  of  Dibrachys  in  cocoons  of  Meteorus.  An 
unmated  female  of  D.  meteori,  reared  from  Meteorus,  oviposited  in 
six  Meteorus  cocoons  on  June  17,  1914.  The  cocoons  were  spun  on 
June  16;  on  June  20  they  were  examined,  and  the  white  pupae  of 
Meteorus  could  be  seen,  but  four  of  the  pupae  were  shortened  and 
did  not  appear  normal.  On  the  21st  two  of  the  cocoons  contained 
mature  yellow  pupae  or  adults  of  Meteorus;  in  the  other  four  cocoons 
the  pupae  had  shriveled,  and  Dibrachys  larvae  had  emerged  from 
them.  On  the  22d  the  Meteorus  adults  emerged,  and  the  Dibrachys 
pupated.  On  the  23d  the  Dibrachys  pupae  were  yellow,  and  later, 
as  they  matured,  they  gradually  changed  to  black.  Three  male 
Dibrachys  emerged  on  the  morning  of  the  27th,  and  another  within 
the  following  24  hours.  The  larval  stage  was  about  four  days  in 
length,  and  the  pupal  stage  about  six.  The  average  temperature  of 
the  laboratory  was  83°  F. 

Experiments  were  conducted  on  the  developmental  period  of  D. 
meteori,  the  results  of  which  are  contained  in  Table  35.  Cocoons  of 
Sagaritis  duhitatus,  Rogas  laphygmae,  Apanteles  marginiventris,  and 
Meteorus  laphygmae  were  used  as  hosts. 

Table  35. — Experiments  on  the  developmental  period  of  Dihraclyys  meteori  at 
Brownsville,  Tex.,  in  June,  1914 


Date  of 
oviposi- 
tion 

Date 

adults 

emerged 

Adults 

Total 
length 
of  de- 
velop- 
mental 
period 

Mean 

Host 

Num- 
ber 

Sex 

tem- 
pera- 
ture 

Sagaritis  dubitatus 

June   8 
June  19 
Juue  18 
-do. 

June  18 
June  30 
June  27 
June  28 
June  27 

3 

1 
3 
1 
4 

Male  .- 

Days 
10 
11 
9 
10 
10 

°  F. 
82 

Rogas  laphygmae 

Female 

83 

Apanteles  marginiventris 

Male 

83 

Do 

83 

Meteorus  laphygmae. 

June  17 

Male.... 

83 
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EUPELMINUS  METEORI  GAHAN  2« 

Eupelminus  meteori  was  reared  in  July,  1912,  by  E.  G.  Smyth 
(Table  18)  from  cocoons  of  Meteorus  laphygmae.  Of  231  cocoons 
collected  by  him  at  that  time,  3.5  per  cent  were  parasitized  by  this 
species.  It  was  not  reared  from  other  collections  of  Meteorus  cocoons, 
nor  from  collections  of  cocoons  of  Apanteles  marginiventris,  Rogas 
laphygmae,  or  Sagaritis  dubitatus. 

TETRASTICHUS  EUPLECTRI  GAHAN27 

Tetrastichus  eupledri  was  reared  from  cocoons  of  Euplectrus 
platyhypenae  collected  (p.  45)  at  Tallulah,  La. 

TETRASTICHUS  DOLOSUS  GAHAN  27 

Tetrastichus  dolosus  also  was  reared  from  cocoons  of  Euplectrus 
platyhypenae  collected  (p.  45)  at  Tallulah,  La. 

MYRMICOMORPHA  PERNICIOSA  VIERECK  28 

Myrmicomorpha  perniciosa  was  reared  from  collections  of  cocoons 
from  Bermuda  grass  at  the  time  of  a  small  local  outbreak  of  Laphygma 
jrugiperda  as  an  army  worm,  in  July,  1912,  at  Brownsville. 

From  6  cocoons  of  Rogas  laphygmae  collected  by  E.  G.  Smyth  (p.  35) 
in  July,  1912,  1  M.  perniciosa  was  reared.  None  were  reared  from 
124  cocoons  collected  from  corn  in  June,  1914. 

Of  231  cocoons  of  Meteorus  laphygmae  collected  by  Mr.  Smyth 
in  1912  at  Brownsville  (Table  18),  4.8  per  cent  were  infested  by 
Myrmicomorpha;  but  the  latter  was  not  reared  from  774  cocoons  of 
Meteorus  collected  from  corn  in  June  and  September,  1914. 

This  parasite  was  not  reared  from  cocoons  of  Apanteles  marginiven- 
tris, nor  from  cocoons  of  Sagaritis  dubitatus. 

HEMITELES  2» 

A  species  of  Hemiteles  was  reared  from  cocoons  of  Meteorus 
laphygmae,  Rogas  laphygmae,  Sagaritis  dubitatus,  and  Apanteles  mar- 
giniventris, collected  at  Brownsville.  In  laboratory  experiments  it 
was  bred  from  Sagaritis  dubitatus  and  Apanteles  marginiventris. 

From  206  cocoons  of  M.  laphygmae  collected  from  corn  in  June, 
1914,  11  Hemiteles  (p.  33)  were  reared,  but  none  were  reared  from 
568  cocoons  collected  in  September.  Of  231  cocoons  (Table  18)  of 
Meteorus  collected  by  E.  G.  Smyth  from  Bermuda  grass  and  other 
plants  in  July,  1912,  9.5  per  cent  were  infested  with  Hemiteles. 

From  332  cocoons  (p.  38)  of  S.  dubitatus  collected  from  corn  in 
June,  1914,  2  Hemiteles  were  reared. 

Of  14  cocoons  of  ^.  marginiventris  collected  from  corn  in  June,  1914 
(p.  28),  2  were  infested  with  Hemiteles. 

Of  6  cocoons  of  R.  laphygmae  collected  from  Bermuda  grass  (p.  35) 
by  Mr.  Smyth  in  July,  1912,  1  was  infested  with  Hemiteles.  Of  124 
cocoons  collected  from  corn  (p.  35)  in  May  and  June,  1914,  5  were 
infested  with  Hemiteles. 

In  June,  1914,  the  writer  observed  a  Hemiteles  ovipositing  in  a 
cocoon  of  S.  dubitatus.     The  parasite  examined  the  cocoon,  first 

M  Hsnsenoptera,  Eupelmidae.  *<  Hymenoptera,  Ichneumonidae,  Cryptinae,  Qelini. 

"  Hymenoptera,  Eulophidae.  »  Hymenoptera,  Ichneumonidae,  Cryptinae,  Hemitelini. 
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facing  toward  one  end  of  it  and  then  toward  the  other.  Then 
bending  her  abdomen  under  her,  she  placed  the  point  of  her  ovipos- 
itor in  contact  with  the  cocoon;  as  she  slipped  the  ovipositor  out  of 
its  sheath  and  brought  her  abdomen  back  to  its  normal  position  the 
ovipositor  was  left  under  the  middle  of  her  abdomen  and  pointed 
forward.  She  next  pressed  the  ovipositor  in  a  slanting  direction  into 
the  cocoon  until  the  latter  was  touched  by  the  tip  of  the  abdomen. 
Resting  on  the  tip  of  the  abdomen  and  using  it  as  a  fulcrum,  she 
partly  withdrew  the  ovipositor  and  pressed  it  in  again  until  the 
desired  spot  was  reached.  She  had  no  difficulty  in  penetrating  the 
cocoons. 

In  another  instance  one  female  was  observed  to  oviposit  in  three 
cocoons  of  S.  dubitatus  in  30  minutes. 

Three  experiments  on  the  developmental  period  of  Hemiteles  were 
conducted  in  June,  1914,  8.  dubitatus  and  A.  marginiventris  being 
used  as  hosts.  Two  males  were  bred  from  Sagaritis,  the  dates  of 
oviposition  being  June  19  and  June  23,  and  in  each  case  the  length 
of  time  from  oviposition  to  the  emergence  of  the  adult  was  10  days, 
at  an  average  daily  mean  temperature  of  83°F.  One  male  was  bred 
from  Apanteles  and  again  the  interval  from  oviposition  (on  June  19) 
to  the  emergence  of  the  adult  was  10  days,  at  a  mean  temperature 
of  83°  F. 

In  the  case  of  the  two  experiments  in  which  S.  dubitatus  was  used 
as  the  host,  the  two  female  Hemiteles  were  reared  from  M.  laphygmae 
and  had  not  been  confined  with  males.  Nine  cocoons  of  Sagaritis 
were  used  in  the  oviposition  of  June  23  and  three  in  that  of  June  19. 
On  the  latter  date  the  female  was  observed  to  oviposit  in  all  three 
cocoons.  In  these  experiments  only  two  adults  were  reared  from  the 
12  cocoons.  Of  the  cocoons  used  some  were  1  day  old  and  some  2 
days  old. 

In  the  experiments  in  which  A.  marginiventris  was  used  as  host 
21  cocoons,  spun  on  the  day  the  parasites  were  placed  with  them, 
were  used,  and  male  and  female  Hemiteles  reared  from  R.  laphygmae 
were  confined  with  them. 

The  times  of  oviposition  and  of  emergence  of  the  adults  were  rather 
accurately  observed,  and  the  developmental  period  was  somewhat  less 
than  10  days,  or  about  9K  days. 

COMPARISON  OF  THE  BIONOMICS  OF  THE  PARASITES 

Some  interesting  information  has  been  brought  out  in  the  preced- 
ing pages  concerning  the  habits  of  the  various  species  of  parasites, 
their  alternate  hosts,  and  secondary  parasites.  It  is  believed  that  a 
few  comparisons  of  the  parasites  in  these  respects,  briefly  summing 
up  some  of  the  points  already  brought  out,  will  be  of  advantage. 

ALTERNATE  HOSTS 

The  writer  and  his  associates  collected  and  reared  caterpillars  of 
many  species  for  the  purpose  of  determining  the  alternate  hosts  of 
the  Laphygma  parasites.  Many  species  were  reared  from  Laphygma 
exigua  and  from  various  species  of  Prodenia,  as  well  as  from  L. 
Jrugiperda,     Prodenia    caterpillars    of  five  species  ^°  were  collected 

^'^ Prodenia  latifascia  Walker,  P.  praefica  Grote,  P.  ornithogalli  Guenee,  P.  eridania  (Cramer),  and  P- 
eudiopta  Guenee  were  collected  at  Brownsville,  but  the  species  of  caterpillars  were  not  sorted  before  para- 
sites were  reared  from  them. 
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frequently  from  corn,  alfalfa,  tomato,  and  Amaranthus.  L.  exigua 
was  collected  from  alfalfa  and  corn.  Heliothis  ohsoleta,  present  in  the 
same  cornfields,  had  a  different  group  of  parasites.  Some  of  the 
Laphygma  parasites,  Chelonus  texanus,  Meteorus  laphygmae,  Sagaritis 
duiitatus,  and  Apanteles  marginiventris,  attack  Heliothis;  but  each 
species  has  parasites  which  were  not  reared  from  the  other.  The 
various  army  worms,  Cirphis,  also  have  parasites,  A.  militaris  Walsh, 
A.  rufocoxalis  Riley,  and  others,  which  do  not  attack  the  species  of 
Laphygma,  even  though  both  species  of  caterpillars  are  present  in 
the  same  fields.  All  of  the  parasites  of  Laphygma  appear  to  have 
other  hosts,  and  none  of  them,  with  the  possible  exception  of  Rogas 
laphygmae,  seems  to  be  limited  exclusively  to  Laphygma  as  a  host. 

• 

SECONDARY  PARASITES 

It  will  be  noted  that  secondary  parasites  were  reared  from  the 
cocoons  of  5  species  of  primary  parasites,  Meteorus  laphygmae,  Apanteles 
marginiventrw,  Rogas  laphygmae,  Sagaritis  duhitaius,  and  Euplectrus 
platyhypenae,  10  species  of  secondary  parasites  being  reared.  Gen- 
erally the  secondary  parasites  infested  only  a  small  percentage  of  the 
individuals  of  the  primary  parasites,  and  secondary  parasitism  in 
the  vicinity  of  Brownsville  seemed  not  to  reduce  the  effectiveness  of 
the  primary  parasites  to  any  appreciable  extent;  this  was  especially 
true  in  the  cornfield. 

Secondary  parasites  were  not  reared  from  the  cocoons  of  Chelonus 
texanus,  Neopristomerus  appalachianus ,  or  Ophion  bilineatus,  or  from 
the  puparia  of  Archytas  piliventris;  but,  as  no  cocoons  of  these  spe- 
cies were  collected  from  the  field,  it  is  not  at  present  known  whether 
or  not  these  species  have  secondary  parasites. 

OVIPOSITION 

Apanteles  marginiventris  oviposits  in  first-instar  larvae  which  have 
recently  emerged.  This  habit  is  of  great  advantage  to  this  species, 
as  it  can  oviposit  in  many  larvae  from  one  egg  mass,  attacking  them 
soon  after  they  emerge  from  the  eggs  and  before  they  have  dispersed, 
instead  of  hunting  over  the  plant  for  individual  larvae.  The  habit 
possessed  by  Chelonus  texanus  of  ovipositing  in  the  egg  is  an  improve- 
ment over  that  of  Apanteles,  as  it  is  able  to  infest  a  very  large  num- 
ber of  caterpillars  with  little  difficulty.  All  of  the  other  ovipositing 
species  have  to  hunt  out  and  oviposit  in  the  isolated  caterpillars, 
whereas  Archytas  piliventris  deposits  its  larvae  on  the  plant,  where 
many  of  them  perish  while  waiting  for  a  caterpillar  to  come  their  way. 

SPINNING  COCOONS 

Some  interesting  facts  were  observed  concerning  the  building  of 
the  cocoons.  Ophion  bilineatus  and  Chelonus  texanus,  for  instance, 
build  their  cocoons  within  cells  in  the  ground,  and  the  larva  is  unable 
to  start  its  cocoon  unless  it  finds  support  for  it  on  all  sides.  Sagari- 
tis has  to  have  support  for  the  cocoon  on  only  one  side,  as  it  attaches 
the  cocoon  to  the  leaf  of  the  plant,  whereas  Meteorus  shows  a  more 
advanced  method  of  building  a  cocoon,  being  able  to  spin  a  free 
cocoon,  constructing  the  framework  around  itself  without  attaching 
the  threads  to  anything  except  to  the  short  stem  of  silk  which 
attaches  the  cocoon  to  the  plant  or  other  object. 
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PARTHENOGENESIS 

Some  of  the  hymenopterous  parasites  studied  were  observed  to 
reproduce  parthenogenetically.  Meteorus  laphygma,  Apanteles  mar- 
giniventris,  Rogas  laphygmae,  Dihrachys  meteori,  and  Hemiteles  repro- 
duce parthenog-enetically,  and  the  progeny  of  unfertiHzed  females 
are  males.  (Jhelonus  texanus  and  Euplectrus  platyJiypenae  also  repro- 
duce parthenogenetically,  and  the  progeny  of  unfertilized  females 
probably  are  males,  although  the  sex  was  not  positively  determined 
in  the  experiments  at  Brownsville.  Spilochalcis  pollens  and  S.  torvina 
probably  reproduce  parthenogenetically,  and  the  progeny  of  unferti- 
lized females  probably  are  males.  These  species  of  Spilochalcis  were 
not  observed  to  mate  in  the  experiments,  and  only  males  were  pro- 
duced in  the  experiments  on  the  developmental  period. 

SEASONAL  HISTORY 

Most  of  the  parasites  of  Laphygma  frugiperda  pass  through  many 
generations  in  the  course  of  the  year,  and,  like  their  host,  are  active 
throughout  the  year  at  Brownsville.  No  evidence  was  found  that 
they  are  able  to  pass  the  winter  in  an  inactive  stage. 

The  duration  of  the  developmental  period,  from  oviposition  to  the 
emergence  of  the  adult  (Table  36)  in  Chelonus  texanus,  OpJiion  hilin- 
eatus,  and  Archytas  piliventris  is  approximately  the  same  as  in  La- 
phygma frugiperda.  This  adaptation  to  the  developmental  period  of 
the  host  may  be  of  advantage  to  Chelonus  and  Archytas  at  Browns- 
ville, where  early  and  late  plantings  of  corn  may  be  found  on  the 
same  farm.  Laphygma  moths  emerging  from  early  cornfields  find 
corn  near  by  in  a  suitable  stage  for  oviposition,  and  the  parasites 
which  emerge  at  about  the  same  time  as  the  moths  can  find  caterpillars 
in  fields  adjacent  to  those  from  which  they  emerge.  In  other  locali- 
ties, however,  the  lack  of  suitable  host  plants  may  cause  a  wide  dis- 
persion of  the  moths,  and  the  parasites  may  be  compelled  to  seek 
other  hosts. 

The  other  species  listed  in  Table  36  complete  their  life  cycle  in 
about  one-half  the  time  required  by  Laphygma.  At  Brownsville 
these  species  can  find  caterpillars  of  Laphygma  in  the  early  instars 
in  nearly  every  month  of  the  year,  but  especially  in  the  cornfields 
during  April  and  May.  Probably,  however,  they  depend  largely  on 
other  hosts,  even  at  Brownsville,  and  in  more  northern  localities 
alternate  hosts  would  be  necessary. 

Table  36. — Duration  of  the  various  stages  of  Laphygma  frugiperda,  compared  with 
the  duration  of  the  same  stages  of  its  principal  parasites,  at  average  temperatures 
between  74°  and  79°  F.  at  Brownsville  Tex., 


Species 


Laphygma  frugiperda 

Chelonus  texanus 

Apanteles  marginiventris . 

Meteorus  laphygmae 

Rogas  laphygmae ._ 

Sagaritis  dubitatus... 

Ophion  bilineatus 

Euplectrus  platyhypenae. 
Archytas  piliventris.. 


Egg  stage 


Bays 


2M 


Larval 

stage 


Bays 
17 

U6 
18 

110 
18 
18 

110 
4 
12 


Pupal 


Bays 


Total  of 
all  stages 
observed 


Bays 


Duration  of  the  egg  and  larval  stages  combined. 
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COMPETITION  BETWEEN  PARASITES 

One  important  problem  connected  with  parasitism  is  the  question 
of  competition  between  the  parasites.  More  than  one  species  may 
attack  the  same  individual  caterpillar,  and  if  the  less  efficient  species 
survives,  its  attack  serves  to  reduce  the  numbers  of  the  more  effi- 
cient species. 

For  mstance,  Chelonus  texanus  oviposits  in  the  egg  of  its  host,  and 
unless  the  egg  stage  of  Chelonus  is  very  long  it  should  have  the  advan- 
tage of  an  early  start  over  the  other  parasites  that  subsequently 
attack  the  same  host;  but  the  duration  of  the  combined  egg  and 
larval  stages  of  Chelonus  is  comparatively  great  (Table  36),  and  it  is 
possible  that  a  rapidly  growing  parasite,  even  though  hatched  later, 
might  survive  and  destroy  the  Chelonus  larva.  Again,  three  species 
of  parasites,  Euplectrus  platyhypenae,  Ophion  hilineatus,  and  Ar^chytas 
piliventris,  attack  the  later  instars  of  caterpillars,  and  may  sometimes 
attack  caterpillars  which  are  already  infested  with  a  rapidly  develop- 
ing species  of  parasite,  well  advanced  in  development.  This  may 
cause  the  death  of  the  host  w^ithin  a  few  hours  or  days  after  these 
species  oviposit,  thus  preventing  their  development. 

Three  of  the  species  w^hich  are  likely  to  come  into  competition  with 
Chelonus  texanus  are  Rogas  lapliygmae,  Apanteles  marginiventris,  and 
Sagaritis  dubitatus.  In  April  or  May,  at  mean  temperatures  of  79°  F., 
the  duration  of  the  combined  egg  and  larval  stages  (Table  36)  of  each 
of  these  species  is  8  days,  whereas  this  period  averages  16  days  for 
Chelonus.  Apanteles  oviposits  in  first-instar  caterpillars,  as  also  may 
Sagaritis  and  Rogas.  Any  one  of  these  species  may  therefore  oviposit 
in  a  caterpillar  from  1  to  4  days  after  the  oviposition  of  Chelonus,  and 
their  larvae  may  emerge  from  the  host  caterpillar  and  spin  cocoons 
4  to  7  days  earlier  than  the  larvae  of  Chelonus  from  the  same  egg 
mass.  Caterpillars  infested  with  these  three  species  are  retarded  in 
development,  and  never  become  as  large  as  those  infested  with 
Chelonus.  It  therefore  seems  probable  that  these  species  are  likely 
to  survive  at  the  expense  of  Chelonus  if  their  eggs  are  deposited  in 
caterpillars  already  infested  with  it. 

These  three  species  also  develop  in  a  shorter  time  than  does 
Meteorus  laphygmae,  and  oviposit  usually  in  younger  caterpillars  than 
Meteorus;  it  follows  that  they  may  likewise  develop  at  the  expense 
of  that  species. 

M.  laphygmae  often  oviposits  in  first-instar  caterpillars,  and  as  it 
develops  in  a  shorter  time  than  does  Chelonus  it  may  sometimes 
destroy  larvae  of  that  species. 

Euplectrus  platyhypenae  develops  very  rapidly  and  may  destroy 
caterpillars  infested  with  Ophion  hilineatus  or  Archytas  piliventris. 

It  seems  possible  that  a  large  number  of  species  of  parasites 
attacking  the  same  host  may  result  in  less,  rather  than  more, 
effective  control  of  that  host.  But  to  reach  more  definite  conclusions 
concerning  the  conflict  between  the  parasites  of  Laphygma  it  will  be 
necessary  to  carry  on  further  experiments  and  to  study  the  life 
history  of  the  various  parasites  in  detail  by  dissecting  the  infested 
caterpillars. 

Chelonus  texanus  is  the  most  important  parasite  of  Laphygma  in 
southern  Texas,  and  it  follows  that  those  species  which  come  into 
competition  with  it  are  of  doubtful  value.     In  other  localities,  how 
ever,  Apanteles,  Meteorus,  and  Sagaritis  may  be  more  important 


60  TECHKICAL  BtrLLETlK   13  8,  Tj.  S.  DEPT.  OF  AGRICULTURE 

than  Chelonus,  or  they  may  occur  in  large  numbers  at  a  time  when 
Chelonus  is  not  present.  At  Brownsville  all  of  these  species  were  at 
times  reared  in  large  numbers  from  single  collections;  Meteorus  40 
per  cent,  Sagaritis  43  per  cent,  and  Apanteles  18  per  cent,  where  100 
or  more  caterpillars  were  collected  at  one  time,  and  even  higher 
percentages  were  reared  in  smaller  collections. 

IMPORTANCE    OF    PARASITES    IN    PROTECTING    CORN    FROM    THE 
ATTACKS    OF    LAPHYGMA    FRUGIPERDA 

Parasites  are  probably  not  of  great  importance  in  reducing  the 
numbers  of  Laphygma  Jrugiperda  in  the  United  States,  for  the  rea- 
son that  the  results  of  parasitism  in  this  respect  are  outweighed  by 
the  results  of  the  dispersion  of  the  moths.  The  migrations  of  the 
moths  northward  each  year  carry  them  into  areas  where  their  prog- 
eny are  destroyed  by  cold  weather  early  in  the  w^inter. 

Parasites  are,  however,  of  local  importance  in  protecting  crops, 
especially  corn.  This  is  undoubtedly  true  at  Brownsville,  where  corn 
is  commonly  severely  injured  by  Laphygma  larvae,  although  the 
varieties  of  corn  which  have  been  proven  to  be  adapted  to  that  local- 
ity usually  outgrow^  the  attacks  of  these  caterpillars  and  other  insects. 
Not  all  of  the  species  of  parasites  that  attack  Laphygma  are  effective 
in  protecting  the  plant,  as  some  allow  the  caterpillars  to  reach  the 
sixth  instar  and  do  almost  as  much  damage  as  uninfested  cater- 
pillars; but  other  species  destro}^  the  caterpillars  in  the  early  instars, 
before  they  do  serious  injury  to  the  plant.  The  species  that  kill  the 
host  during  the  early  instars,  Apanteles  marginiventris,  Rogas  lapJiyg- 
mae,  Sagaritis  duhitatus,  Meteorus  laphygmae,  and  Chelonus  texanus, 
destroy  together  in  April,  May,  and  June  from  40  to  50  per  cent  of 
the  Laphygma  caterpillars  on  corn  at  Brownsville.  It  seems  proba- 
ble that  this  percentage  is  sufficient  to  save  the  plants,  which  are 
frequently  very  severely  injured  by  the  caterpillars  that  survive  the 
parasites. 

CAUSE  OF  OUTBREAKS  OF  THE  FALL  ARMY  WORM 

For  more  than  100  years  Lapliygma  jrugiperda  has  been  known 
as  a  major  pest  of  cereal  and  forage  crops  throughout  the  greater 
part  of  the  country  east  of  the  Rocky  Mountains,  because  of  its 
sudden  and  unexpected  appearance  in  very  large  numbers  in  some 
years.  The  outbreaks  of  the  larva,  known  as  the  grass  worm  or  fall 
army  worm,  occur  at  yearly  intervals  usually  only  in  a  few  States, 
but  at  less  frequent  intervals  the  attack  is  general  over  the  eastern 
part  of  the  country.  The  history  of  these  outbreaks  up  to  the  year 
1900,  with  special  consideration  of  that  of  1899,  has  been  given  by 
Chittenden,^^  and  the  conditions  in  Alabama  during  the  outbreaks  of 
1912  and  1915  have  been  described  by  Hinds  and  Dew.^^ 

There  are,  in  the  writer's  opinion,  two  habits  of  the  moth  of 
Lapliygma  Jrugiperda  that  have  an  important  connection  with  the 
phenomena  of  outbreaks  of  the  fall  army  worm.  These  are  the  egg- 
laying  habit  and  the  migratory  habit.  The  migratory  habit  results 
in  flights  of  large  numbers  of  moths  seeking  young  plants  on  which 

3'  Chittenden,  F.  H.    Op.  cit. 

«  Hinds,  W.  E.,  and  Dew,  J.  A.    the  grass  worm  or  fall  army  worm.    Ala.  Agr.  Expt.  Sta.  Bui. 
186,  92  p.,  illus.     191.5. 
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^o  oviposit,  preferably  plants  of  the  family  Gramineae,  but  also  of  the 
family  Leguminosae.  When  such  plants  are  available  the  moths  are 
attracted  to  them  in  large  numbers.  The  conditions  necessary,  then, 
for  an  outbreak  of  the  fall  army  worm  are  flights  of  large  numbers  of 
moths,  combined  with  a  large  supply  of  young  food  plants. 

The  cause  of  the  migrations  may  be  understood  if  it  be  remembered 
that  this  tropical  species  passes  through  many  generations  in  the 
course  of  a  year  and  that  the  succulent  leaves  of  young  plants  are 
the  most  favorable  food  for  the  larvae.  As  only  one  generation  can 
be  completed  on  a  young  plant,  the  moths  of  each  generation  seek  a 
new  supply  of  young  plants.  It  may  be  said  that  the  migrations  are 
caused  by  the  instinct  of  the  female  to  seek  for  oviposition  suitable 
young  food  plants  for  her  progeny.  The  migratory  habit  is  of  advan- 
tage to  the  species  because  it  is  thereby  enabled  to  escape  the  cumu- 
lative attack  of  its  parasites  that  would  result  if  the  insect  remained 
in  the  same  field  through  several  generations.  It  is  also  advanta- 
geous in  that  it  helps  the  insect  to  escape  the  result  of  scarcity  of 
food  plants  caused  by  drought  or  by  the  feeding  of  caterpillars  of  this 
or  any  other  species. 

The  general  outbreaks  occur  in  the  United  States  as  the  result  of 
the  northward  flight  of  moths.  And  the  question  may  arise,  why  do 
the  moths  fly  northward,  since  this  habit  is  a  disadvantage  to  the 
species,  in  that  large  numbers  of  thefti  migrate  during  the  summer 
into  territory  where  the  species  is  unable  to  survive  the  winter?  To 
explain  this  northward  flight  it  is  necessary  to  assume  only  that  the 
moths  disperse  in  all  directions.  This  would  result  in  the  continu- 
ous presence  of  caterpillars  within  the  Gulf  coast  region  wherever 
food  is  available  and  the  presence  of  caterpillai^s  in  small  or  large 
numbers  in  the  States  farther  north  as  food  becomes  available  with 
the  advance  of  the  season.  This  northward  flight  seems  to  occur 
every  year,  the  larvae  being  found  commonly  as  far  north  as  Kansas 
and  Tennessee  on  corn,  sorghum,  alfalfa,  grasses,  and  other  plants 
and  in  smaller  numbers  in  the  more  northern  States. 

Such  widespread  outbreaks  of  the  fall  army  worm  as  occurred  in 
1899  and  1912  seem  to  be  the  result  of  a  late  season  in  the  South, 
necessitating  the  late  planting  of  corn  and  forage  crops  over  large 
areas.  In  most  seasons,  when  the  moths  in  large  numbers  reach  as 
far  north  as  northern  Texas,  Louisiana,  or  Mississippi,  the  corn  crop 
is  well  advanced  and  beyond  the  stage  preferred  by  them  for  oviposi- 
tion. Owing  to  this  fact,  oviposition  is  distributed  in  fields  of  corn 
and  other  crops  scattered  over  a  wider  territory.  But  in  occasional 
years  there  are  spring  floods  and  heavy  rains,  especially  in  the  lower 
Mississippi  Valley,  causing  overflows  in  the  river-bottom  lands  and 
preventing  the  early  planting  of  corn.  As  a  result  of  the  replanting 
or  late  planting  of  corn,  large  numbers  of  moths  are  flying  by  the 
time  the  corn  is  a  foot  or  two  high,  and  they  concentrate  and  oviposit 
where  it  is  growing.  The  combined  attack  of  the  large  numbers  of 
caterpillars  that  result  is  so  great  that  the  plants  are  not  able  to 
outgrow  its  effects,  and  widespread,  serious  damage  to  the  crop  occurs, 
many  acres  of  corn  being  totally  destroyed.  From  the  caterpillars 
and  the  resulting  pupae  come  large  numbers  of  moths  of  the  next 
generation,  which  must  leave  the  infested  fields;  of  these  some  spread 
to  other  fields  in  the  South,  and  others  migrate  northward,  to  oviposit 
on  any  favorable  host  plants  that  they  may  find.     In  other  words, 
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the  corn  and  forage  crops  usually  mature  ahead  of  the  flight  of  moths; 
but  in  occasional  years  crops  are  late,  and  where  they  are  late  the 
moths  concentrate,  with  the  result  that  there  is  an  outbreak  of  the 
fall  army  worm. 

SUMMARY 

The  moths  of  Lapliygma  frugiperda  disperse  from  the  fields  where 
they  emerge  from  the  pupae,  apparently  in  search  of  suitable  plants 
for  oviposition.  But  the  dispersal  helps  this  insect  to  escape  the 
cumulative  effects  of  parasitism,  to  which  a  species  passing  through 
many  generations  a  year  might  be  subject.  The  dispersal  also  enables 
it  to  escape  starvation  from  scarcity  of  food  caused  either  by  the 
maturing  of  its  host  plants  or  by  the  destruction  of  host  plants  by 
caterpillars  of  this  or  other  species.  The  dispersal,  however,  is  a 
disadvantage  to  the  species,  especially  in  the  United  States,  because 
large  numbers  of  the  moths  reach  localities  where  their  progeny  are 
unable  to  survive  the  winter  and  so  are  destroyed. 

The  female  moths  lay  an  average  of  1,000  eggs  each,  in  masses  of 
two  to  four  layers,  covered  with  down  from  their  bodies.  There  may 
be  as  many  as  400  eggs  in  a  mass.  The  eggs  are  laid  on  or  near  food 
plants  suitable  for  the  larvae. 

The  larvae  are  gregarious  at  first,  but  disperse  during  the  latter 
part  of  the  first  instar.  DispeVsal  of  caterpillars  in  the  later  stages 
is  forced  by  their  cannibalistic  habits.  They  feed  on  the  leaves  of 
young  plants,  especially  on  those  of  the  family  Gramineae,  but  also  on 
those  of  the  family  Leguminosae,  and  less  frequently  on  plants  of  other 
families.     They  prefer  coarse  grasses,  such  as  corn  and  the  sorghums. 

This  species  passes  through  many  generations  in  the  course  of  the 
year,  from  9  to  1 1  generations  occurring  annually  at  Brownsville,  Tex. 
Because  of  its  tropical  origin  it  is  unable  to  pass  the  winter  in  an 
inactive  (hibernating)  stage.  At  Brownsville  all  stages  are  present 
during  the  winter,  and  the  limiting  factor  in  that  locality  appears 
then  to  be  the  scarcity  of  food,  as,  on  account  of  the  mild  winter  clim- 
ate, vegetation  there  is  frequently  destroyed  by  sudden  frosts  at 
temperatures  which  would  not  be  so  destructive  in  more  northern 
localities. 

Parasites  of  this  species  are  rather  numerous  at  Brownsville.  The 
parasites  with  one  exception  were  found  to  have  other  hosts  and  not 
to  be  limited  exclusively  to  LapJiygma  frugiperda.  Nearly  all  of  them 
pass  through  many  generations  annually.  Parasites  relatively  are 
not  of  great  importance  in  reducing  the  numbers  of  this  species  in 
the  United  States  because  the  effect  of  parasitism  is  outweighed  in 
this  regard  by  the  migration  of  the  moths  to  northern  localities,  which 
results  in  the  destruction  of  much  larger  numbers  than  are  destroyed 
by  parasites. 

Parasites  are  important  locally  as  a  protection  to  the  corn  crop. 
At  Brownsville  corn  is  very  generally  seriously  injured  by  larvae  of 
Laphygma,  but  the  sturdy  varieties  grown  in  that  locality  usually 
survive  the  attacks  of  this  and  other  insects.  During  April,  May, 
and  June  between  40  and  50  per  cent  of  the  caterpillars  feeding  on 
corn  are  destroyed  by  parasites  in  the  early  stages.  If  these  cater- 
pillars were  permitted  to  develop  normally  the  increased  injury 
resulting  to  the  foliage  of  the  plants  would  be  more  than  the  plants 
could  survive. 
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Corn  in  the  South  is  very  generally  injured  by  the  larvae  of  La- 
phygmafrugiperda,  which  feed  on  the  leaves  of  the  young  plants.  In 
Texas  this  injury  to  corn  is  known  as  ** bud-worm"  injury.  Corn 
and  alfalfa  are  the  principal  crops  injured  by  this  insect  in  the  United 
States.  Small  fields  of  both  crops  are  frequently  destroyed  by  local 
outbreaks  of  the  fall  army  worm,  and  during  the  great  outbreaks 
widespread  damage  may  occur  to  both. 

Outbreaks  of  the  fall  army  worm  are  due  to  the  migrating  habit  and 
the  egg-laying  habit  of  the  moths.  The  moths  seek  young  plants 
for  oviposition,  and  when  fields  of  young  corn  or  other  suitable 
young  plants  occur  in  localities  where  large  numbers  of  moths  are 
flying,  the  latter  may  concentrate  in  these  fields  for  oviposition. 
In  such  cases  large  numbers  of  caterpillars  are  produced,  which  may 
destroy  the  crop  and  so  cause  migration  of  the  caterpillars  in  armies 
to  other  fields.  Such  outbreaks  may  occur  locally  at  any  time,  and 
they  are  likely  to  occur  over  large  areas  when  climatic  conditions 
cause  extensive  late  planting  or  replanting  of  corn  in  the  South.  By 
the  time  the  migrating  moths  appear  in  large  numbers,  the  late- 
planted  corn  is  in  the  right  stage — from  6  to  24  inches  high — to 
attract  them. 
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INTRODUCTION 

During  the  period  extending  from  1918  to  1925  thousands  of  acres 
of  merchantable  yellow  pine  on  the  Klamath  Indian  Reservation  and 
adjoining  timbered  tracts  in  Oregon  were  severely  defoliated  by  the 
caterpillars  of  the  pandora  moth  {Goloradicb  pandora  Blake). ^ 

This  large  moth  is  regularly  present  in  this  region,  as  well  as  in 
many  other  sections  of  the  West,  but  the  history  of  its  past  occur- 
rences in  destructive  numbers  reveals  the  fact  that  in  southern  Ore- 
gon the  insects  increase  to  the  proportions  of  an  epidemic  at  fairly 
regular  intervals  of  about  20  or  30  years,  and  continue  abundant  for 
from  6  to  8  years. 

Indians  of  the  Klamath  region  report  that  the  caterpillars  of  the 
moth  recur  in  large  numbers  at  intervals  of  about  20  years.  An  in- 
teresting note  regarding  these  large  caterpillars  is  found  in  a  letter 
to  the  writer  from  F.  Marion  Wilkes,  forest  topographer  of  the 
United  States  Indian  Service,  who  states  that  the  Klamath  and 
Modoc  Indians  formerly  collected  the  pupae  for  food.  These  they 
called  "bull  quanch."  Aldrich  (i,  2y  and  J.  M.  Miller  (in  a  letter) 
state  that  the  Piute  Indians  in  the  vicinity  of  Mono  Lake,  Calif., 
collect  the  mature  caterpillars  by  encircling  the  infested  trees  with 
deep  trenches.  After  descending  the  trees  to  pupate,  the  caterpillars 
fall  into  these  trenches  and  are  unable  to  escape.  They  are  then 
gathered  by  the  Indians,  who  dry  them  by  burying  them  in  mounds 

» Order  Lepldoptera,  family  Saturuiidae. 

•Reference   is  made  by   italic  numbers  in   parentheses   to   "Literature   cited,"    p.    10. 
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of  earth  which  have  been  previously  heated  by  fire.  The  drying 
process  is  completed  by  spreading  the  caterpillars  in  the  shade.  The 
dried  caterpillars,  or  "  peage,"  are  eaten  in  the  form  of  stew  made  by 
boiling  them  with  vegetables.  The  Klamath  Indians  were  not  known 
to  eat  the  caterpillars,  though  they  considered  the  chrysalids  a 
delicacy  when  roasted. 

Coloradia  pandora  has  become  a  forest  pest  of  major  importance, 
at  least  in  the  Klamath  Keservation  and  adjoining  areas,  the  re- 
peated defoliations  in  the  years  of  its  abundance  having  resulted  in 
greatly  retarded  tree  growth,  with  consequent  loss  of  increment,  and, 
in  cases  of  severe  defoliation,  in  the  death  of  the  trees.  Even  more 
serious  has  been  the  loss  from  bark-beetle  infestations  which  have 
developed  as  a  result  of  the  caterpillar's  Avork.  Trees  which  have 
been  weakened  by  defoliation  are  very  susceptible  to  the  attacks  of 
bark  beetles,  and  an  epidemic  of  these  beetles  w^hich  followed  the 
recent  moth  outbreak  has  developed  to  alarming  proportions  in 
these  stands  during  the  past  few  years. 

IDENTITY 

According  to  H.  G.  Dyar,  of  the  United  States  National  Museum, 
Avho  has  identified  specimens  for  the  writer,  the  form  of  Coloradia 
occurring  in  Oregon  and  California  is  Coloradia!  pandora  Blake. 
Packard  (^,  p.  112)  and  Chamberlin  {6)  refer  to  specimens  col- 
lected at  Fort  Klamath,  Greg.,  as  C.  pandora;  and  in  the  publica- 
tions of  Aldrich  (i)  and  Essig  (<5,  p.  670)  on  the  form  of  the  moth 
found  in  California  this  name  is  retained.  Kecently  (in  1926) 
Barnes  and  Benjamin  (^)  in  describing  new  species  of  Coloradia 
have  listed  specimens  from  Oregon  and  California  as  the  new  species 
C.  lindseyi. 

The  different  forms  of  Coloradia  are  not  easily  separated,  and 
since  the  insect  found  in  the  West  is  generally  known  as  G.  pamdora^ 
and  is  thus  referred  to  in- economic  literature,  it  seems  best  to  retain 
this  name  for  the  present  at  least.  The  species  which  occurs  in 
southern  Oregon  and  California  is  therefore  referred  to  iu  this 
bulletin  as  G.  pandora  Blake. 

The  habits,  seasonal  history,  biology,  and  economic  importance 
presented  in  this  bulletin  apply  specifically  to  the  insect  in  the 
region  of  its  occurrence  in  south-central  Oregon. 

Doctor  Dyar  in  a  letter  states  it  as  his  opinion  that  there  are  not 
more  than  tAvo  species  of  Coloradia  in  the  United  States,  of  which 
the  larger  one,  with  distinct  markings  on  the  hind  wings  in  the  male, 
is  G .  pandora  Blake.  This  is  found  in  different  parts  of  Colorado, 
and  was  described  from  Pike's  Peak  in  that  State.  Local  forms, 
probably  scarcely  worthy  of  separate  names,  are  G.  pandora  davisi 
Barnes  and  Benjamin,  from  the  White  Mountains,  Ariz.;  G.  pandora 
chiricahua  B.  and  B.,  from  the  Chiricahua  Mountains,  Cochise  Co., 
Ariz.;  G.  pandora  dujfneri  B.  and  B.,  from  Paradise,  Cochise  Co. 
Ariz.;  G.  pandora  honniwelli  B.  and  B.,  from  High  Rolls,  N.  Mex., 
and  G.  pandora  lindseyi  B.  and  B.,  the  form  here  under  consideration. 
Characters  other  than  locality  separating  these  races  are  slight,  and 
it  is  thought  best,  especially  in  an  economic  publication,  to  ignore 
these  various  varietal  names. 

The  other  form  of  Coloradia  referred  to,  namely,  G .  doris  Barnes 
(3),  is  perhaps  of  specific  value.    It  is  from  Colorado  and  Montana, 
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with  a  local  form,  T.  doris  luski  B.  and  B.,  from  the  White  Mountains 
of  Arizona.  This  species  is  not  discussed  in  the  present  bulletin  but 
is  mentioned  for  the  sake  of  completeness.  It  is  not  known,  even, 
that  it  feeds  upon  pine. 

DESCRIPTION 

THE  EGG 

The  e^gs  of  Coloradia  pandora  (fig.  1,  C  and  D)  are  nearly 
subspherical  or  globular  in  shape,  and  are  slightly  compressed  on  two 
opposite  sides.  As  incubation  progresses  the  surface  has  a  tendency 
to  shrink,  and  these  flattened  sides  become  strongly  depressed.  The 
Ggg^  vary  in  size,  averaging  2.5  mm.  in  length  and  2  mm.  in  width. 
The  color  is  pale,  semitransparent,  bluish  green  when  deposited,  later 
changing  to  a  duller,  more  opaque,  green.  They  are  deposited  in 
clusters  of  varying  size. 

THE    LARVA 

The  larvae,  when  they  emerge  from  the  eggs,  are  approximately 
6  mm.  long.  They  are"  black  or  brownish  and  covered  with  short 
dark  hairs.  The  head  is  broad,  2  mm.  wide,  and  shiny  black  in  color. 
The  thoracic  segment  is  nearly  as  broad  as  the  head,  and  the  rest  of 
the  body  tapers  gradually  anteriorly.  The  full-grown  larvae  measure 
from  60  to  70  mm.  in  length  and  are  yellowish  green.  (Fig.  2,  A,  B, 
and  C.) 

THE  PUPA 

The  pupae  (fig.  2,  D),  which  are  dark  chocolate  brown,  range  from 
13  to  15  mm.  in  width,  and  from  25  to  38  mm.  in  length.  The  out- 
lines of  the  folded  wings,  eyes,  antennae,  and  other  characters  of  the 
adult  are  plainly  visible  on  the  surface. 

THE   ADULT 

The  adults  (fig.  1,  A  and  B)  are  brownish  gray.  The  antennae  are 
biserrate  and  a  little  longer  than  the  thorax.  The  thorax  is  black, 
streaked  with  gray,  and  is  clothed  with  short,  soft  hairs.  The  apex 
is  tufted  and  extends  beyond  the  wings.  The  forewings  are  brownish 
gray,  with  an  indistinct,  wavy,  blackish  band  extending  obliquely 
across  them.  There  is  a  small,  distinct  black  spot  on  the  discal 
nervure. 

The  hind  wings  are  rufous  gray,  with  an  indistinct,  cloudy  band 
tapering  from  the  interior  to  the  exterior  margin.  There  is  a  distinct 
brownish  spot  on  the  disk.  The  base  of  the  wing  and  interior 
margin  are  clothed  with  ])inkish  hairs  which  in  the  male  shade  to 
wine  color.  Length  of  body  of  female  40  mm.,  of  male  28  mm.,  w^ing 
expanse  of  female  96  mm.,  of  male  85  mm. 

HOSTS  AND  DISTRIBUTION 

Coloradia  pandora  attacks  only  pines.  Western  yellow  pine 
(Pinus  ponderosa)  is  the  preferred  host  throughout  the  greater  part 
of  the  insect's  range  in  the  Pacific  States.  Jeffrey  pine  (P.  jefreyi) 
and  lodgepole  pine  {P.  murrayaiia)  are  sometimes  infested  by  this 
moth.  The  attacks  cm  lodgpole  pine  appear  to  be  purely  incidental, 
as  this  species  suffers  only  when  it  occurs  in  stands  of  yellow  pine. 
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FiGUEE  1. — Coloradia  pandora:  A,  Male  moth,  natural  size  ;  B,  female  moth,  natural 
size  ;  C,  cluster  of  eggs  on  yellow  pine  bark,  X  2  ;  D,  eggs  attached  to  yellow  pine 
needle 
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FiGUHK  2. —  Coloradia  pandora:  A.  Newly  liatchcd  caterpillars  and  empty  ogg- 
shell,  X3;  B,  caterpillars  in  first  spring  feeding  stage,  eating  yellow  pine 
needles,  X  %  :  C.  full-grown  caterpillars  ready  to  pupate,  Xl%;  I>,  pupa, 
natural  size;  E,  pupae  in  natural  position  in  surface  of  soli  (the  debris  on  the 
S^round  and  the  top  of  soil   have  been  removed  to  expose  the  pupae) 
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Coloradia  pandora  has  been  recorded  from  various  sections  in  all 
.  the  Pacific  States  ^  (i,  ^,  5,  9^  10).  Its  range  is  probably  coincident 
with  that  of  the  western  yellow  pine,  its  principal  host.  The  writer 
has  collected  the  insect  throughout  the  pine  belt  from  the  Sierra 
National  Forest  in  south-central  California  to  as  far  north  as  Bend 
in  central  Oregon.  Though  the  species  is  thus  shown  to  be  of  rather 
wide  distribution,  severe  infestations  of  this  pine  defoliator  have  been 
recorded  from  only  two  localities,  south-central  Oregon  and  the 
Inyo  National  Forest  in  east-central  California.  In  the  latter  sec- 
tion occurrence  of  the  species  has  not  been  epidemic  in  the  true  sense 
of  the  term,  but  has  had  more  of  the  character  of  a  high  endemic 
infestation.  There  are  definite  records  of  the  species  occurring  in 
highly  epidemic  form  in  the  former  region  only.  Packard  (.9,  p. 
113)  states  that  the  insects  were  common  at  Fort  Klamath  for  a  few 
years  prior  to  1893.  The  recent  epidemic  developed  on  the  Klamath 
Indian  Reservation,  Oreg.,  in  1918  and  continued  unabated  until 
1925,  when  there  was  a  noticeable  decline  in  the  number  of  cater- 
pillars and  pupae,  and  the  defoliated  trees  began  to  show  recovery. 
In  1926  the  number  of  adults  was  negligible  as  compared  with  the 
number  of  those  of  the  previous  flight  years,  and  it  was  apparent 
that  the  recent  epidemic  had  about  run  its  course. 

It  is  possible  that  the  decline  of  the  epidemics  and  the  comparative 
exemption  from  moths  in  the  intervening  years  are  due  to  the 
activity  of  the  moth's  natural  enemies,  which  under  normal  condi- 
tions may  be  capable  of  holding  the  infestation  in  check. 

Pupation  takes  place  in  the  ground,  and  it  seems  that  a  loose,  pum- 
ice soil  in  which  the  caterpillar3  can  easily  bury  themselves  is  neces- 
sary to  the  most  successful  development  of  the  moth.  It  is  significant 
that  epidemics  of  Coloradia  pandora  have  occurred  only  where  this 
type  of  soil  is  found. 

NATURE  AND  EXTENT  OF  INJURY 

The  following  discussion  of  the  damage  done  by  Coloradia  pamlora 
is  not  exhaustive.  Unfortunately  it  wa^  not  possible  to  study  from 
its  beginning  the  recent  epidemic  of  this  insect  on  the  Klamath  Indian 
Reservation.  There  is  need  for  a  more  detailed  and  comprehensive 
study  of  this  injury  than  has  been  possible  in  the  past. 

It  must  be  borne  in  mind  that  under  normal  conditions  infesta- 
tions of  thi3  pine  defoliator  are  of  no  economic  consequence,  because 
defoliations  are  not  then  severe  enough  to  have  any  appreciable  effect 
on  a  tree's  growth  or  vitality.  It  is  only  during  epidemics  of  the  in- 
sect that  damage  results.  This  damage  naturally  divides  itself  into 
two  phases:  The  primary  injury  to  the  tree,  or  that  resulting  directly 
from  its  loss  of  needle^,  and  the  secondary  injury,  brought  about  by 
the  weakened  condition  of  the  tree,  rendering  it  more  susceptible  to 
bark-beetle  attacks. 

PRIMARY   INJURY 

Although  Coloradia  pamdora  may  at  3ome  periods  cause  practically 
complete  defoliation  of  the  trees  which  it  attacks,  it  is  not  always  of 

«  Snyder,  T.  E.  forest  insect  investigations.  U.  S.  Dept.  Agr.,  Bur.  Ent.  Mo.  lietter 
108:  4-5.     1923.      [Mimeographed.] 

FOREST  INSECT  INVESTIGATIONS.     U.  S.  Dept.  Agr.,  Bur.  Ent.  Mo.  Letter  112;  2-3. 

1923.      [Mimeographed.] 
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itself  fatal  to  its  host.*  The  amount  of  defoliation  which  a  tree  may 
suffer  and  yet  live  is  ^uprising,  and  the  amount  of  defoliation  which 
acconijiunies  normal  infestations  of  C.  pandora  does  not  affect  the 
trees  in  the  least  degree.  That  even  seemingly  complete  defoliation 
does  not  always  cause  the  death  of  trees  is  due  to  two  facts:  (1)  The 
terminal  buds  are  not  eaten  by  the  caterpillars,  and  the  tree  thus 
retain;^  the  power  to  put  forth  new  needles;  and  (2)  the  tree  has  a 
breathing  spell  every  second  year,  even  during  epidemics,  because  the 
insect  has  a  2-year  life  cycle,  and  the  period  of  heavy  feeding  occurs 
(mlv  in  alternate  years. 

The  greatest  economic  loss  for  whicli  ('oloradia  fandora  is  di- 
rectly responsible  comes  about  through  the  suppression  of  the  tree's 
growth,  particularly  during  years  of  severe  defoliation.'^  The 
width  of  the  annual  rings  may  be  as  much  as  80  per  cent  less  than 
normal,  and  in  some  cases  the  trees  fail  to  put  on  any  new  wood  on 
one  or  more  sides  of  the  trunk.  It  is  evident  that  a  great  loss  of 
increment  occurs  during  the  period  of  an  epidemic,  and  this  loss, 
when  sustained  over  large  areas  of  merchantable  timber,  amounts 
to  many  hundred  thousands  of  board  feet.  Although  this  loss  is 
known  to  exist,  many  complicated  factors  make  it  difficult  to  esti- 
mate, even  roughly,  the  total  loss  occasioned  by  the  recent  epidemic. 
The  greatest  difficulty  is  encountered  in  the  fact  that  there  is  very 
wide  variation  in  the  degree  of  defoliation  of  individual  trees. 
This  is  one  of  the  most  striking  features  of  these  epidemics.  Fre- 
quently a  completely  defoliated  tree  or  group  of  trees  will  be  found 
standing  side  by  side  with  trees  only  slightly  defoliated.  (Fig.  3, 
A.)  The  amount  of  increment  loss  is  entirely  dependent  upon  the 
degree  of  defoliation,  and  the  variableness  of  this  latter  factor 
makes  an  accurate  estimate  of  the  loss  over  large  areas  almost 
impossible. 

nome  idea  of  the  loss  was  obtained  by  making  a  study  of  indi- 
vidual trees  in  areas  where  the  epidemic  had  occurred  and  compar- 
ing their  rate  of  growth  with  that  of  trees  under  normal  conditions 
outside  of  defoliated  areas.  As  before  stated,  however,  the  study 
does  not  date  from  the  beginning  of  the  epidemic,  and  it  was  not 
always  possible  to  determine  accurately  in  what  year  the  trees  se- 
lected for  comparison  were  first  attacked.  Despite  these  difficulties, 
the  writer  believes  it  well  within  conservative  limits  to  place  the  loss 
thus  far  sustained  during  the  recent  epidemic  in  the  Klamath  region 
at  not  less  than  several  hundred  thousand  dollars.  Although  the 
epidemic  infestation  has  declined,  it  will  be  a  number  of  years  be- 
fore the  trees  which  have  suffered  severe  defoliation  regain  their 

*  Recent  InvestiRations  in  the  epidemic  areas  on  tlie  Klamatli  Reservation  have  revealed 
the  fact  that  many  severely  defoliated  trees  have  died  as  a  direct  result  of  the  defoliation. 
Though  these  trees  died  two  years  after  the  last  severe  defoliation,  this  must  have  been 
the  direct  cause  of  death,  since  there  was  no  damage  present  due  to  insects  or  other  causes. 
As  this  result  of  severe  defoliation  is  now  known  to  occur,  it  is  very  probable  that  the 
death  of  many  of  the  defoliated  trees,  formerly  attributed  to  the  bark  beetles,  was  due 
primarily  to  defoliation. 

''This  type  of  damage  is  characteristic  of  many  forest-tree  defoliators,  especially  of  the 
spruce  budworm  (Harmulnim  fumiferana  Clem.),  occurring  in  the  northeastern  jNirt  of 
NorUi  America,  h'.  C.  Craiglitad.  in  his  studies  on  this  insect  (7).  found  that  it  wa.«c 
possible  1o  trace  previous  epidemics  and  to  date  the  years  of  feeding  by  the  characteristic 
suppression  of  the  annual  rings. 
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normal  growth  rate,  and  thus  a  further  loss  in  increment  will  be 
sustained.  This  will  depend  upon  the  rapidity  of  their  recovery, 
which  at  this  time  is  merely  a  matter  of  conjecture. 


Figure  3. — Yellow  pine  and  lodgepole  pine  on  the  Klamath  Indian  Reservation,  Oreg., 
defoliated  by  ColoradHa  pandora:  A,  Clump  illustrating  different  degrees  of  defoli- 
ation in  yellow  pine.  The  large  tree  with  the  figure  at  the  base  has  been  severely 
defoliated.  The  large  tree  immediately  behind  it  shows  only  about  50  per  cent 
defoliation.  B,  A  lodgepole  pine  in  an  open  situation  that  has  been  completely 
defoliated.  The  men  in  the  foreground  are  searching  in  the  soil  for  pupae.  July, 
1921 

Transverse  sections  from  defoliated  trees  are  illustrated  in  Figures 
4,  5,  and  6.  The  reduction  in  annual  growth  during  the  years  of 
defoliation,  compared  with  the  normal  growth  during  the  years 
preceding  heavy  loss  of  needles,  is  clearly  shown.  In  Figure  5, 
A  and  B,  are  cross-section  disks  from  the  top  portion  of  the  stems 
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Figure  4. — Transver^t'  sections  vi  normal  and  drfoliiitt'd  yollow  pine  : 
A,  Apical  portion  of  the  stem  of  a  fast-growing  troe  whioli  has  not 
been  defoliated,  natural  size ;  B,  apical  portion  of  the  stem  of  a  tree 
from  Calimus  Butte  which  had  been  defoliated  biennially  since  1918 
by  Coloradia  pandora.  The  last  feeding  was  in  1025  ;  note  the  par- 
tial suppression  of  the  outer  rings,  owing  to  defoliation.     August.  1926 
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of  two  yellow  pines,  selected  to  show  the  contrast  between  the  rate 
of  growth  of  defoliated  and  that  of  nondefoliated  trees. 

The  transverse  sections  in  Figure  5,  A  to  E,  and  Figure  6,  A,  illus- 
trate the  loss  in  increment  of  trees  selected  from  various  sections  of 
the  defoliated  stands.  The  variation  in  the  ring  growth  in  these 
pictured  sections  is  due  to  the  variation  in  the  degree  of  defoliation 
suffered  by  the  trees  in  these  separate  localities. 

Sections  B  and  C,  of  Figure  6,  which  are  transverse  sections  from 
trees  defoliated  since  1918,  show  the  omission  of  part  of  an  annual 
ring  on  one  side  of  the  stem.  Figure  6,  B,  is  a  transverse  section 
from  the  middle  portion  of  the  stem.  It  will  be  seen  that  the  next 
to  the  last  ring  is  missing  at  the  point  marked  X.  Figure  6,  C,  is 
a  transverse  section  from  the  top  portion  of  the  stem  and  shows  the 
partial  loss  of  the  third  ring  from  the  cambium.  It  fades  into  the 
previous  ring  at  the  point  marked  X. 

SECONDARY  INJURY 

That  there  is  close  interrelation  between  the  work  of  this  pine 
defoliator  and  subsequent  attacks  by  the  bark  beetle  is  shown  by 
the  abnormal  increase  of  beetle  infestations  in  the  stands  of  defoli- 
ated pine.  Beetle  infestations  became  highly  epidemic  in  the  stands 
which  had  been  severely  defoliated,  while  at  the  same  time  they 
showed  but  slight  increase  in  stands  outside  these  areas. 

The  data  on  beetle  infestations  in  the  defoliated  areas  were  ob- 
tained by  surveys  of  an  area  of  2,000  acres  made  annually  since  1921, 
and  by  observations  made  throughout  the  infested  region. 

The  damage  caused  by  bark  beetles  has  been  far  greater  in  its 
effect  than  the  primary  damage  of  the  defoliator,  which  results  in 
retarded  growth  but  not  always  in  the  death  of  the  trees.  Attack 
by  the  two  species  of  bark  beetles  DendroctoTms  hrevicoTnis  Lee. 
and  D.  monticolae  Hopk.,  infesting  these  stands,  always  results  in 
the  death  of  the  tree. 

Sections  from  defoliated  trees,  later  killed  by  bark  beetles,  are 
shown  in  Figure  6,  D  and  E.  These  are  typical  in  that  the  annual 
growth  for  a  few  years  previous  to  the  attack  of  the  beetles  had  been 
greatly  retarded. 

Previous  to  1923  the  defoliated  stands  were  remarkably  free  from 
infestations  by  the  bark  beetle,  and  had  been  so  for  a  long  period. 
In  1923,  however,  five  years  after  the  pine-moth  epidemic  began,  the 
defoliated  stands  were  invaded  by  these  beetles,  and  within  two  years 
an  outbreak  of  them  developed  which  seriously  menaced  the  entire 
area.  The  progress  of  the  outbreak  on  the  2,000-acre  area  mentioned 
was  as  follows :  In  1923  the  area  contained  50  trees  infested  by  beetles, 
which  may  be  considered  a  normal  infestation  in  these  stands.  In 
1924  this  infestation  included  in  all  391  trees,  an  increase  of  682  per 
cent.  Five  hundred  and  six  trees  had  become  infested  in  1925,  an 
increase  for  the  year  of  29  per  cent,  and  in  1926  a  total  of  Y44  trees 
had  been  killed,  an  increase  of  47  per  cent  in  the  third  year.  These 
figures  show  that  in  three  years  the  bark-beetle  epidemic,  which  was 
a  secondary  result  of  the  defoliations,  had  increased  1,388  per  cent. 
This  is  a  very  abnormal  increase  in  infestations  by  these  beetles. 
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That  a  similar  increase  in  infestations  by  the  beetles  during  the  same 
years  occurred  throughout  all  the  defoliated  stands  was  shown  by 
observations  made  in  widely  separated  sections. 

The  loss  by  bark  beetles  in  merchantable  trees  throughout  the  de- 
foliated stands  from  the  beginning  of  the  epidemic  in  1923  to  and 
including  the  year  1926  was  tremendous.  In  1926  this  loss  amounted 
to  nearly  100,000,000  board  feet  of  pine  on  the  Klamath  Indian  Reser- 
vation. However,  it  is  not  probable  that  this  enormous  loss  will 
continue  after  the  trees  have  recovered  from  the  effects  of  the  defolia- 
tion. It  is  now  believed  that  a  return  to  normal  growth  will  very 
probably  be  followed  by  a  sharp  decline  in  the  losses  due  to  the 
beetles.  The  rapidity  of  recovery  of  these  stands  will  depend  upon 
a  number  of  factors,  chief  of  which  are  the  disappearance  of  the 
defoliator,  the  physiological  condition  of  the  severely  defoliated  trees, 
soil  conditions,  and  precipitation. 


Figure  7. — Chart  showing  the  stages  of  Coloradia  pandora  as  related  to  its  2-year 
life  cycle.  The  two  intervals,  each  extending  from  September  to  June,  are  omitted, 
one  being  occupied  by  the  larval  period  and  the  other  by  the  pupal 

BIOLOGY 

The  generations  of  Coloradia  pandora  are  biennial,  the  life  cycle  of 
the  species  covering  a  period  of  exactly  two  years,  as  shown  in  Figure 
7.  The  adults  emerge  between  June  20  and  July  20  of  alternate  years. 
On  the  area  studied  by  the  writer,  flights  of  the  adults  have  occurred 
in  the  even  years— 1920,  1922,  1924,  and  1926,  although  it  was  found 
that  a  few  stragglers  departed  from  the  cycle  of  the  main  broods  and 
emerged  in  the  odd  years.  However,  these  stragglers  have  the  same 
life  span  as  the  others,  and  two  years  are  required  to  complete  their 
development. 

After  emerging  from  the  pupal  cases  near  the  surface  of  the  soil, 
the  new  adults  crawl  through  the  litter  on  the  ground  to  the  trunks  of 
trees  or  to  bushes,  which  they  ascend.  On  these  they  remain  at  rest 
for  from  20  minutes  to  an  hour  while  their  wings  are  unfolding,  and 
the  scales  and  hairs  on  the  body  and  wings  become  dry.  The  adults 
are  strong  fliers,  and  are  strictly  diurnal.  In  the  writer's  studies 
individuals  could  never  be  found  active  at  night,  nor  could  they  be 
attracted  to  lights  displayed  in  the  forest  after  dark  or  before  day- 
light.    The  males  take  to  flight  as  soon  as  their  wings  have  hardened, 
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and  fly  erratically  about  through  the  forest,  searching  for  mates.  The 
females,  while  equal  to  the  males  in  their  ability  for  sustained  flight, 
usually  do  not  fly  until  after  mating. 

The  males  appear  two  or  three  days  before  the  females  and  die 
soon  after  mating.  The  females  die  shortly  after  they  have  finished 
depositing  their  eggs.  The  writer  observed  that  in  a  lot  of  20 
individuals,  12  males  and  8  females,  confined  in  a  wire-screen  cage 
in  the  open  woods,  all  the  males  died  first,  and  within  the  day  of 
mating.  The  females  lived  from  5  to  7  days  longer,  but  all  died 
within  from  1  to  3  days  after  oviposition. 

Females  have  been  observed  in  the  act  of  oviposition  in  the  field 
as  well  as  in  captivity,  and  under  both  conditions  the  procedure  is 
the  same.  The  moth  does  not  make  a  preliminary  search  for  a 
suitable  location  in  w^hich  to  place  her  eggs,  but  deposits  them  indis- 
criminately on  the  bark  of  tree  trunks,  in  the  foliage,  on  brush  and 
undergrowth,  and  even  on  the  litter  covering  the  ground.  A  moth 
does  not  always  lay  all  her  eggs  in  one  cluster  or  in  one  location ;  a 
second  or  even  a  third  cluster  may  be  deposited.  It  is  quite  usual, 
for  instance,  for  a  moth  to  deposit  her  first  cluster  of  eggs  upon  the 
trunk  of  a  tree,  and  then  crawl  or  fly  to  the  foliage,  where  the  rest 
of  her  eggs  are  laid.  The  eggs  are  but  loosely  attached  to  the 
support  upon  which  they  are  deposited,  although  they  adhere  to 
one  another  very  firmly. 

The  eggs  are  deposited  in  clusters  containing  from  3  to  70  eggs 
each.  (Fig.  1,  C  and  D.)  In  one  instance  a  total  of  258  eggs  were 
laid  by  5  females  caged  separately,  or  an  average  of  51.6  eggs  each. 
The  greatest  number  laid  by  1  female  was  68  and  the  smallest,  42. 
A  period  of  6  days  was  covered  in  the  deposition  of  these  eggs,  2 
laying  all  their  eggs  in  1  day,  the  other  3  taking  2  days  each  for  the 
egg  laying. 

The  maximum  period  of  oviposition  extends  from  July  10  to  July 
20.  The  incubation  period  is  rather  prolonged,  lasting  approxi- 
mately 40  days.  Eggs  deposited  by  moths  in  captivity  on  July  16, 
1924,  hatched  on  August  25.  Changes  in  the  external  appearance 
of  these  eggs  during  incubation  were  not  noticeable  until  August  2, 
or  17  days  after  they  were  laid.  At  this  time  the  color  had  changed 
to  a  deep  olive,  the  sides  were  deeply  depressed,  and  the  embryo  had 
taken  form.  From  August  11  to  14  the  well-incubated  young  cater- 
pillars became  visible  through  the  egg  walls.  On  August  25  all  the 
fertile  eggs  hatched.  It  has  been  found  that  incubation  in  the  field 
follows  the  same  course  and  is  of  the  same  duration. 

A  relatively  high  percentage  of  the  eggs  are  infertile.  Out  of  a 
lot  of  200  eggs  taken  in  the  field  and  put  into  glass  vials,  1  egg  in 
each  vial,  40  eggs,  or  20  per  cent,  proved  to  be  infertile,  while  in  58 
eggs,  or  29  per  cent,  the  embryos  partially  developed,  but  died. 

The  young  larvae  begin  to  emerge  about  August  20  and  continue 
emerging  until  September  15.  The  maximum  emergence  occurs 
between  August  25  and  September  5.  The  larvae  leave  the  eggs  by 
way  of  holes  gnawed  in  the  ends  of  the  shells  (fig.  2,  A)  and  imme- 
diately crawl  to  the  tips  of  the  branches  and  begin  feeding  on  the 
needles  of  the  current  year's  growth.  They  develop  rapidly,  and 
by  September  20  reach  a  length  of  14  mm.     They  are  gregarious 
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durin<j:  the  first  feedin*?  stage;  from  4  to  20  mav  be  found  together  on 
the  needles  at  the  terminals  of  the  twigs.  Tney  attain  a  length  of 
23  mm.  by  the  end  of  the  first  feeding  season. 

When  winter  conditions  set  in,  w^hich  at  the  altitudes  where  the 
species  occurs  is  normally  about  October  20,  the  caterpillars  go 
into  hibernation,  in  clusters  of  from  4  to  30  individuals,  at  the  base 
of  the  needles  on  the  ends  of  the  pine  branches,  and  are  more  or  lesv 
dormant  (hiring  tlie  winter.  They  have  not  been  observed  to  feed 
during  hibernation  and  do  not  increase  in  size.  With  the  ce.ssation 
of  winter  conditions,  usually  at  about  April  1,  the  caterpillars  again 
become  active.  The  hibernating  masses  break  up  and  the  indi- 
viduals disperse  to  some  extent  and  resume  feeding. 

During  the  spring  feeding  period,  which  lasts  until  June  20,  the 
caterpillars  consume  an  enormous  quantity  of  needles  and  grow 
rapidly.  The  following  record  made  of  caterjiillars  which  were 
confined  in  a  wire-screen  cage  at  the  Klamath  Falls  laboratory  illus- 
trates the  development  of  the  larvae  during  this  second  feeding 
period: 


Date  (1923) 

Average 
length 

Color             1 

i 

Date  (1923) 

l^n^Sf 

Color 

Apr.  1 

(Mm.) 
23 
28 
33 

Olive  green. 
Do. 
Do. 

May  12. 

(Mm.) 
55 
60 
70 

Greenish. 

Apr.  14 

June  6 

Light  green. 

Mays 

June  16 

Yellowish  green. 

On  June  18  all  had  pupated. 

Feeding  is  not  confined  during  the  spring  period  to  the  needles  at 
the  tips  of  the  branches,  but  the  caterpillars  work  back  along  the  stem 
and  consume  all  needles  of  whatever  previous  years'  growth.  (Fig. 
2,  B.)  From  about  May  1  to  the  time  of  pupation  they  also  eat  the 
new  needles  w^hich  unfold  from  the  buds,  and  make  their  greatest 
growth  during  this  period.  The  terminal  buds,  how^ever,  are  not 
eaten,  although  the  new  needles  are  nearly  all  devoured.  (Fig.  8,  A.) 
Owing  to  the  2-year  life  cycle  of  the  insect  this  wholesale  destruction 
of  the  new  needles  at  the  critical  period  of  the  tree's  growth  occurs 
only  on  alternate  years,  the  corresponding  time  of  the  intervening 
years  being  passed  by  the  moth  in  the  pupal  stage. 

The  prepupal  caterpillars  are  excessive  feeders  and  consume  an 
enormous  quantity  of  needles.  A  lot  of  34  nearly  full-grown  cnter- 
l)illars  were  kept  in  a  cage  from  June  1  to  June  16.  During  this  time 
they  ate  an  average  of  700  yellow  pine  needles  each  24  hours,  or  an 
average  per  caterpillar  of  21  needles  a  day. 

The  great  quantity  of  food  taken  by  these  caterpillars  is  attested 
in  the  field  by  the  masses  of  droppings  found  under  infested  trees. 
These  droppings  closely  resemble  the  dried  and  fallen  mile  pine  cat- 
kins, and  under  large  trees  completely  cover  the  surface  of  tlie  ground 
from  the  base  of  the  tree  outward  as  far  as  the  branches  extenil. 

When  full-grow^n  the  caterpillars  crawl  down  the  trunks  of  the 
trees  on  which  they  have  been  feeding  and  enter  the  surface  of  the 
soil  to  pupate.  They  have  never  been  ob.^erved  to  lower  themselves 
from  trees  by  silken  threads. 
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Figure  8. — EflEects  of  feeding  of  Coloradia  pandora:  A,  Top  of  yellow  pine,  showing 
almost  complete  defoliation  resulting  from  successive  biennial  feeding  of  the 
caterpillars  ;  note  that  the  terminal  buds  are  not  injured  ;  B,  top  of  yellow  pine 
which  has  been  repeatedly  defoliated  up  to  the  last  two  years  ;  note  recent  recovery 
and  contrast  with  A  ;  C,  a  stand  of  mature  yellow  pine  at  Wocus  Bay,  Klamath 
Indian  Reservation,  Oreg.,  severely  defoliated.     July,  1921 

Pupation  occurs  in  the  upper  layer  of  the  soil  (fig.  2,  E),  from  1 
to  5  inches  below  the  surface,  both  directly  beneath  the  defoliated 
trees  and  at  some  distance  from  them.  The  caterpillars,  after  en- 
tering the  soil  to  the  desired  depth,  usually  sufficient  to  prevent  des- 


THE  PANDORA  MOTH  17 

sication,  revolve  in  their  tunnels,  making  elliptical  cells  in  which 
the^  transform  to  pupae.  Some  of  these  cells  are  sparsely  lined  with 
a  silky  material,  but  the  greater  number  are  entirely  unlined.  The 
pupa  rests  within  the  cell,  head  up,  and  inclined  about  60°  from  the 
vertical.  Pupae  begin  to  form  June  20,  and  pupation  is  over  by 
July  5.  This  stage  lasts  one  full  year,  the  insects  passing  the  second 
winter  of  their  life  as  pupae  in  the  ground. 

NATURAL  ENEMIES 

Coloradia  pandora  has  many  natural  enemies.  During  the  pre- 
pupal  stage,  and  while  the  caterpillars  are  descending  the  trees  to 
pupate,  a  large  percentage  of  them  are  attacked  by  a  wilt  disease, 
in  general  appearance  quite  similar  to  the  gipsy-moth  polyhedral 
wilt.  Caterpillars  infected  with  this  disease  become  limp,  turn  black, 
and  shrivel  to  about  one-third  the  normal  size.  Great  numbers  of 
the  caterpillars  are  destroyed  by  this  disease  during  epidemics  of  C. 
pandora  and  it  is  doubtless  a  major  factor  in  the  decline  of  severe 
infestations. 

Ground  squirrels  (several  species  of  Callospermophilus)  and  a 
chipmunk  (a  species  of  Eutamias)  dig  up  and  eat  large  numbers 
of  the  pupae.  These  rodents  were  observed  on  many  occasions  un- 
covering the  pupae ;  some  pupae  were  eaten  at  the  time  they  were 
removed,  though  many  were  stored  for  future  food.  A  chipmunk 
was  seen  carrying  pupae  to  a  rotten  log,  and  when  the  cache  was 
examined  54  were  found  in  a  hollow  in  the  interior. 

Birds  have  been  observed  to  feed  sparingly  on  the  caterpillars. 
Steller  jays  and  vireos  are  known  to  eat  the  caterpillars,  although 
the  stiff  bristles  and  hairs  on  the  backs  and  sides  of  the  larvae  are 
a  great  protection  from  birds.  Creepers  and  nuthatches  feed  on  the 
Qg^^^  of  the  moth  and  no  doubt  destroy  large  numbers  of  them. 

The  following  insects  are  parasitic  on  Coloradia  pandora.^ 

No.  1.  Blepha7ipeza  adusta  Locav.  .  This  dipteron  is  a  larval  para- 
site. The  maggots  emerge  from  the  prepupal  caterpillars  after  the 
latter  have  entered  the  ground  to  pupate,  and  form  naked  puparia 
in  the  soil  near  the  remains  of  the  host.  The  percentage  of  parasit- 
ism was  not  determined,  though  as  many  as  41  puparia  were  taken 
from  an  area  of  ground  5  feet  square  where  76  pupae  of  C.  pandora 
were  found. 

No.  2.  A  species  of  Tetrasiichus.  This  is  a  hymenopterous  parasite 
of  eggs  of  C.  pandora.  Of  100  isolated  eggs  of  the  moth  17  were 
parasitized  by  this  species  and  from  them  a  total  of  128  individuals 
emerged.  The  smallest  number  emerging  from  one  egg  was  3  and 
the  largest  11,  the  average  being  7%. 

No.  3.  Triclwgranwia  minutmn  Riley.  This  small  species  is  a  cos- 
mopolitan parasite;  it  breeds  in  the  eggs  of  C.  pandora  as  well  as 
having  many  other  hosts.  Of  100  isolated  eggs  of  C.  pandora.  5 
were  parasitized  by  this  species,  and  a  total  of  147  individuals 
emerged  from  them.  The  smallest  number  emerging  from  one  Qgg 
was  20  and  the  largest  37,  the  average  being  291/2- 

"  Determination  by  specialists  of  the  Bureau  of  Entomology  has  been  as  follows :  No.  1 
by  C.  T.  Greene ;  Nos.  2  and  3  by  A.  B.  Gahan  ;  No.  4  by  R.  A.  Cushman. 
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No.  4.  Hemiteles  fenellus  Say.  Only  one  individual  of  this  rather 
large  braconid  was  reared  by  the  writer  from  a  larva  of  C.  pandora. 
This  species  is  a  larval  parasite,  and  its  papery  cocoons  are  attached 
to  the  body  of  the  caterpillar.  It  emerges  late  in  May.  The  percent- 
age of  parasitism  by  this  species  is  not  known. 

METHODS  OF  CONTROL 

It  seems  probable  that  this  pine  defoliator  might  be  held  in  check 
during  the  incipient  stages  of  an  epidemic  by  spraying  infested  trees 
with  arsenicals.  The  caterpillars  could  easily  be  poisoned  by  spray- 
ing the  foliage  during  the  spring  period  of  maximum  feeding.  The 
spraying  of  large  forested  areas,  however,  if  delayed  until  after  an 
epidemic  had  developed,  would  be  impracticable  because  of  the  exces- 
sive cost  of  such  operations.  Airplane  dusting  might  be  done  at  a 
reasonable  expense,  and  would  probably  be  effective. 

SUMMARY 

The  Pandora  moth  {Colorotdm  'pandora  Blake)  is  an  important 
enemy  of  pine  forests  in  certain  areas  of  the  West.  During  the  years 
from  1918  to  1925,  inclusive,  a  serious  epidemic  of  this  moth  occurred 
in  the  yellow-pine  forests  of  the  Klamath  Indian  Reservation  in 
southern  Oregon. 

This  insect  attacks  only  pines,  its  principal  hosts  beii^g  western 
yelloAv  pine  (Pinws  ponderosa)  and  Jeffrey  pine  {P.  jeffreyi). 
Lodgepole  pine  {P.  Tnurranjana)  is  sometimes  attacked.  Infestations 
by  this  moth  have  also  occurred  in  the  Inyo  National  Forest  of  east- 
central  California.  Its  range  is  known  to  cover  the  Pacific  States, 
and  specimens  have  been  collected  in  Colorado  and  Montana. 

Under  normal  conditions  infestations  of  this  moth  are  of  no  eco- 
nomic consequence  because  no  appreciable  injury  is  done  to  the  tree. 
Epidemic  infestations  by  this  moth  are,  howxver,  a  serious  menace  to 
pine  stands.  The  damage  resulting  from  such  infestations  divides 
itself  into  two  phases :  The  primary  injury  to  the  tree,  which  results 
directly  from  the  loss  of  needles,  and  the  secondary  injury  through 
the  impaired  vitality  of  the  tree,  which  renders  it  susceptible  to 
bark-beetle  attack. 

Although  Coloradia  pandora  at  some  periods  may  cause  practi- 
cally complete  defoliation  of  the  trees  which  it  attacks,  it  is  not 
always  of  itself  fatal  to  its  host.  This  is  due  to  the  fact  that  the 
terminal  buds  are  not  eaten  by  the  larvae  and  that  the  trees  have  a 
rest  every  other  year.  Thus  the  more  vigorous  specimens  survive  the 
defoliations.  Economic  loss  results,  however,  even  though  the  trees 
attacked  are  not  killed,  because  their  growth  is  greatly  suppressed 
during  years  of  heavy  defoliation,  as  shown  by  comparison  of  the 
width  of  the  annual  rings.  Losses  on  the  Klamath  Indian  Reserva- 
tion from  this  suppression  of  grow^th  during  the  last  epidemic  have 
been  conservatively  estimated  at  several  hundred  thousands  of 
dollars. 

The  damage  caused  by  bark-beetle  attacks  in  stands  of  pine  de- 
foliated b}^  the  Pandora  moth  has  been  far  greater  than  the  pri- 
mary damage  of  the  defoliator.  Infestations  of  Dendroctonus 
hrevicoTTiis  and  of  D.  monticolae  have  shown  an  abnormal  increase 
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in  the  defoliated  areas  studied.  These  iafestations  were  of  far 
greater  intensity  than  were  contemporary  infestations  in  stands  ad- 
joining the  defoliated  areas,  and  beetle  attacks  upon  defoliated  trees 
were  always  fatal. 

The  life  cycle  of  this  moth  covers  a  period  of  two  years.  The 
adults  are  brownish  gray  with  a  wing  expanse  of  approximately 
3  inches.  They  are  diurnal,  and  in  epidemic  infestations  count- 
less numbers  are  seen  on  the  wing.  The  eggs  are  deposited  on  the 
bark  and  foliage  of  trees  and  bushes,  and  sometimes  on  ground  lit- 
ter. Tlie  incubation  period  is  approximately  40  days.  The  young 
larvae  feed  in  colonies  upon  the  needles  of  the  terminal  shoots  dur- 
ing the  first  summer  and,  when  winter  sets  in,  hibernate  in  clusters 
at  the  base  of  the  needles.  Feeding  is  resumed  the  following  spring, 
and  during  this  second  feeding  period  large  quantities  of  needles 
are  consumed,  and  the  greatest  damage  is  suffered  by  the  host. 
Pupation  begins  in  June  of  the  second  year  and  takes  place  in  the 
ground  from  1  to  5  inches  below  the  surface.  Tlie  pupal  stage  covers 
one  full  year,  the  species  passing  the  second  winter  as  pupae  in  the 
ground. 

The  caterpillars  are  subject  to  a  wilt  disease  similar  in  general 
manifestations  to  the  gipsy-moth  wilt.  Ground  squirrels  eat  large 
numbers  of  the  pupae,  and  birds  prey  upon  the  caterpillars.  The 
insect  enemies  of  Coloradia  pandora  are  three  hymenopterous  para- 
sites and  one  dipteron. 

No  direct  efforts  have  been  made  to  control  this  moth.  It  seems 
probable  that  it  might  be  held  in  check  during  incipient  stages  of 
its  attack  by  spraying  with  arsenicals  or  by  airplane  dusting. 

LITERATURE  CITED 

(1)  Aldrich,  J.  M. 

1912.    LARV-E  OF  A   SATURNIID   MOTH   USED  AS  FOOD  BY  CALIFORNIA   INDIANS. 

Jour.  N.  Y.  Ent.  Soc.  20:  28-31,  illus. 

(2)  

1921.  COLORADIA   PANDORA   BLAKE,    A    MOTH   OF   WHICH    THE!  CATERPILLAR   IS 

USED  AS  FOOD  BY  MONO  LAKE  INDIANS.     Ann.  Ent.  Soc.  Amei".  14 : 
30-38. 

(3)  Barnes,  W. 

1900.  new    species    and    varietties    of    north    american    lepidoptera. 
Canad.  Ent.  32:  42-48. 

(4)  and  Bknjamin,  F.  H. 

192(5.  NEW  SPECIES  OF  COLORADIA  (LEPiD.,  SATURNIID^).     Pan-Pacific  Ent. 
3:  13-15. 

(5)  Blake,  C.  A. 

1863.    DESCRIPTION  OF  A   SUPPOSED   NEW  GENUS  AND  SPECIES  OF  SATURNIID.E 

FROM  THE  ROCKY  MOUNTAINS.     Ent.  Soc.  Phila.  VvoQ.  2 :  279. 

(6)  Chamberlin,  W.  .J. 

1922.  A  NEW   lkpidopterous  knkmy  of  ykllow   pine  in   OREGON.     Jour. 

N.  Y.  Ent.  Soc.  30:  69-71. 

(7)  Craighead,  F.  C. 

1924.  STUDIES  ON   the  spruce  budworm   [cacobcia  fumiferana  clem.] 

PART    IL       GENERAL    BIONOMICS     AND    POSSIBILITIES    OF    PRE\'ENT10N 

AND  CONTROL.     Canadu  Dipt.  Agr.  Bill.  (n.  s.)  37:  28-57,  illus. 

(8)  EssiG,  E.  O. 

1926    INSECTS  OF  WESTERN  NORTH  AMERICA.     1035  p.,  ilUis.  Now  York. 

(9)  Packard,  A.  S. 

1914.    MONOGRAPH   OF  THE  BOMBYCINE   MOTH^   OF   NOKTH    AMMUCA   .    .    .    PART 

III.     Mem.  Nat.  Acad.  Sci.,  v.  12,  pt.  1,  516  p.,  illus. 
(10)   Patterson,  J.  p].  ',1 

19213.  pine  DEFOLIATION  ON  THE  KLAMATH  RESERVATION.     Tlmberman  24 
(8)  :  39.  illus. 


ORGANIZATION  OF  THE 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

September    27,    1929 


Secretary  of  Agriculture Arthur  M.  Hyde. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Wmk A.  F.  Woods. 

Director  of  Regulatory  Work Walter  G.  Campbell. 

Director  of  Extension  Work C.  W.  Warburton, 

Director  of  Personnel  and  Business  Admin-      W.  W.  Stockberger. 
istration. 

Director  of  Information M.  S.  Eisenhower. 

Solicitor R.  W.  Williams. 

Weather  Bureau Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Serince R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey ,  Paul  G.  Redington,  Chief. 

Bureau  of  PuUic  Roads -  Thomas  H.  MacDonald,  Chief. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Administration  C.  L.  Marlatt,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvbl,  Chief. 

Food,  Drug,  and  Insecticide  Administration-^  Walter  G.  Campbell,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations E.  W.  Allen,  Chief. 

Office  of  Cooperative  Extension  Work .  C.  B.  Smith,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 


This  bulletin  is  a  contribution  from 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Division  of  Forest  Insects F.  C.  Craighead,  Principal  Ento- 
mologist, in  Charge. 
20 


U,  S.  GOVERNMENT  PRINTING   OFFICE:  1929 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D,  C.     -     -     -     Price  5  cents 


Technicai  Bulletin  No.  li6(0'^^\SSgv/.^^^  September,  1929 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


BREEDING  HARD  RED  WINTER  WHEATS 

FOR  WINTER  HARDINESS 

AND  HIGH  YIELD 

By  Karl  S.  Quisenberry,  Associate  Agronomist,  and  J.  Allen  Clark,  Senior 
Agronomist,  Office  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry^ 


CONTENTS 


Page 

Importance  of  hard  red  winter  wheals l 

Winter  hardiness 2 

Acre  yield 3 

Material  and  methods 3 

Varieties  used  as  parents 3 

Stations  at  which  testing  was  done 3 

DiflBculties  in  studying  winter  hardiness  in 

the  field 4 

Inheritance  of  winter  hardiness 6 


Page 
Laboratory   methods   used    to   check   field 

results 7 

Growing  the  hybrid  material 8 

Plant-row  results 11 

Bulk-row  results 17 

Nursery  experiments 18 

Plot  experiments 25 

Summary 26 

Literature  cited 28 


IMPORTANCE  OF  HARD  RED  WINTER  WHEATS 

The  hard  red  winter  wheats  occupy  the  largest  acreage  of  an^ 
class  of  wheat  grown  in  the  United  States.  According  to  the  vari- 
etal survey  of  1924  by  Clark  and  others  (4),^  about  41  per  cent  of 
the  total  wheat  acreage  of  the  United  States  was  of  the  hard  red  win- 
ter class.  This  class  of  wheat  is  grown  chiefly  in  the  central  and 
southern  sections  of  the  Great  Plains  area  of  the  United  States. 

One  of  the  most  important  factors  limiting  the  northeri\  expansion 
of  the  hard  winter  wheat  acreage  is  winterkillmg.  The  long,  cold,  and 
often  rather  dry  winters  frequently  cause  severe  losses  from  killing. 
During  the  26-year  period  from  1901  to  1926  an  average  of  about  10 
per  cent  of  the  total  winter-wheat  acreage  of  the  United  States  was 
abandoned  annually,  largely  because  of  winter  injury. 

»  The  writers  acknowledge  the  assistance  and  cooperation  received  from  the  following  persons  during  the 
course  of  these  investigations:  John  H.  Martin,  agronomist,  had  charge  of  the  work  from  191U  to  1925. 
John  H.  Parker,  of  the  Kansas  Agricultural  Experiment  Station,  aided  in  making  some  of  the  crosses  and 
in  growing  the  material  during  the  first  years.  V.  H.  Florell  made  some  of  the  crosses  at  Chico,  Calif. 
The  following  men  assisted  in  growing  the  material:  R.  W.  May,  formerly  at  Moccasin,  Mont.;  B.  B. 
Bayles,  Moccasin.  Mont.;  K.  W.  Smith,  Dickinson,  N.  Dak.;  L.  R.  Waldron,  Fargo,  N.  Dak.;  G.  F. 
Sprague,  North  Platte.  Nebr.;  F.  A.  Coffman,  formerly  at  Akron,  Colo.;  and  A.  F.  Swanson,  Hays,  Kans. 
Crude-protein  and  milling  and  baking  results  were  obtained  in  cooperation  with  the  Grain  Division  of  the 
Bureau  of  Agricultural  Economics. 

1  Italic  numbers  in  parentheses  refer  to  "Literature  cited,"  p.  28. 
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The  growing  of  hard  red  winter  wheat  in  the  Great  Plains  area 
dates  back  to  1873,  when  Turkey  wheat  was  first  introduced  from 
Russia  by  Mennonite  immigrants  to  Kansas  and  other  States.  This 
variety  was  first  grown  in  Kansas,  and,  owing  in  large  measure  to  its 
winter  hardiness  and  high  yields,  it  soon  replaced  the  varieties  of 
soft  wheat  then  grown.  Since  this  early  date  the  growing  of  hard 
winter  wheats  has  been  extended  farther  and  farther  north,  being 
limited  chiefly  by  severe  winter  weather. 

As  a  general  rule,  winter  wheat  is  more  productive  than  spring 
wheat  wherever  winter  wheat  can  survive  the  winter.  It  also  ripens 
earlier,  thus  being  less  exposed  to  injury  from  rust  and  drought.  In 
the  growing  of  winter  wheat  farm  labor  is  better  distributed  than  in 
the  growing  of  spring  wheat. 

As  a  class  the  hard  red  winter  wheats  are  fairly  winter  hardy,  but 
many  of  the  varieties  will  not  survive  the  winters  in  the  northern 
Great  Plains  area.  Various  cultural  practices  have  been  developed  to 
reduce  winterkilling,  such  as  seeding  in  furrows,  seeding  in  standing 
stubble,  and  mulching  the  crop  with  straw.  These  practices  help  to 
catch  and  hold  more  snow,  thus  affording  a  protective  covering 
against  rapid  changes  in  temperature. 

WINTER  HARDINESS 

While  various  cultural  practices  have  been  of  great  value  in  reduc- 
ing losses  due  to  winterkilling,  they  are  recognized  as  a  temporary 
rather  than  a  permanent  solution  of  the  problem. 

The  possibility  of  developing  hardier  varieties  through  breeding 
has  been  recognized  for  many  years.  Considerable  breeding  work  has 
been  done  in  this  country  and  in  Europe  to  produce  hardier  varieties. 
Most  of  the  European  work  has  been  done  in  Russia  and  Sweden. 
Russian  varieties  have  shown  considerable  promise  when  introduced 
into  this  country,  but  the  hardiest  varieties  from  Sweden,  which  are 
soft  wheats,  have  been  less  hardy  than  the  hard  red  winter  varieties 
grown  in  the  United  States  and  Russia. 

In  1919  the  Office  of  Cereal  Crops  and  Diseases,  in  cooperation 
with  certain  State  experiment  stations,  started  extensive  investi- 
gations on  the  problem  of  winter  hardiness  in  wheats.  As  one  part  of 
this  study,  uniform  winter-hardiness  nurseries  were  established  in 
cooperation  with  numerous  stations  in  the  northern  United  States  and 
in  Canada  to  test  the  hardiness  of  the  existing  varieties.  The  results 
of  the  first  five  years  of  this  work,  published  by  Clark,  Martin,  and 
Parker  (5),*  showed  definitely  that  varieties  differ  greatly  in  their 
ability  to  resist  unfavorable  winter  conditions  and  that  Turkey  was 
not  the  hardiest  variety.  In  general,  the  varieties  that  had  the  great- 
est hardiness  were  poor  in  quality  or  low  in  yield.  Such  varieties  as 
Minhardi,  Buffum  No.  17,  and  Odessa  proved  to  be  the  hardiest,  but 
as  they  are  soft  wheats  and  very  late  in  maturing  they  are  not  suited 
to  commercial  growing  in  the  Great  Plains  area. 

The  second  phase  of  this  work  was  to  enlarge  the  breeding  program 
with  the  object  of  combining  hardiness,  quality,  and  yield.  Earlier 
breeding  for  winter  hardiness  had  been  carried  on  in  North  Dakota  by 
Clark  (1)  and  by  workers  in  Minnesota.  The  results  reported  by 
Hayes  and  Garber  (5)  in  developing  the  Minhardi  and  Minturki 
varieties  in  Minnesota  demonstrated  the  possibilities  of  success  by 
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this  method  of  attack.  The  purpose  of  this  bulletin  is  to  report  the 
progress  of  the  breeding  resulting  from  the  enlarged  program  started 
in  1919. 

ACRE  YIELD 

The  development  of  hardy  strains  of  hard  red  winter  wheat  must 
be  associated  with  an  increased  acre  yield.  High  yield  is  the  end 
result  and  may  be  obtained  from  strains  not  having  the  greatest  com- 
parative hardmess,  provided  the  winters  are  not  too  severe.  A  high 
degree  of  winter  hardiness  must  be  associated  with  high  yield  if  a 
winter  variety  is  to  be  successfully  grown  in  the  Northern  States. 

MATERIAL  AND  METHODS 

The  choice  of  high-yielding  varieties  possessing  good  quality, 
earliness,  or  other  desirable  characters,  for  crossing  with  hardy 
varieties;  the  method  of  growing  and  selecting  the  material;  and  the 
choice  of  locations  for  testing  the  progeny  were  considered  in  develop- 
ing the  breeding  program.  ^ 

VARIETIES  USED  AS  PARENTS 

The  original  crosses  were  made  at  Manhattan,  Kans.,  and  Chico, 
Calif.,  in  1919  and  1920.  The  varieties  Turkey,  Kanred,  Kharkof, 
Eureka,  and  Nebraska  No.  28  were  the  principal  parents,  having  good 
yield  and  quality  but  lacking  hardiness.  The  varieties  Minhardi, 
Odessa,  Minessa,  BufFiim  No.  17,  and  four  Beloglir.a-Buffum  hybrid 
strahis  were  used  as  hai'dy  parents.  For  a  description  and  history  of 
these  varieties,  see  Clark,  Martin,  and  Ball  (2).  About  45  combina- 
tions, including  reciprocal  crosses,  were  made  w^ith  these  and  other 
varieties.  At  the  time  the  crosses  were  made,  relatively  little  was 
known  of  the  merits  of  some  of  the  parent  varieties.  For  this  reason 
many  crosses  were  made,  and  the  least  promising  were  soon  discarded. 

STATIONS  AT  WHICH  TESTING  WAS  DONE 

Part  of  the  crossed  kernels  obtained  in  1919  at  Manhattan,  Kans.,^ 
and  Chico,  Calif.,  were  sown  at  Chico  and  part  at  Manhattan  in  the 
fall,  in  order  to  insure  against  loss  and  to  obtain  an  ample  supply  of 
seed  the  following  year. 

The  entire  Fa  generation  was  grown  at  Manhattan,  Kans.,  in; 
1920-21.  Beginning  in  1921-22  the  hybrid  and  parental  material  was 
grown  at  various  northern  stations  in  the  United  States.  The  original 
plan  included  growing  most  of  the  material  in  bulk,  although  some  of 
the  more  promising  crosses  were  continued  by  individual-plant- 
selections.  The  plan  used  was  to  grow^  plant  selections  from  the  more' 
promising  crosses  in  plant  rows  until  they  apparently  were  homo- 
zygous  and  then  increase  the  best  of  these  to  rod  rows  as  rapidly  as 
seed  was  available. 

In  addition  to  the  crosses  that  were  carried  in  plant  rows,  seed  of 
each  Fa  was  bulked  and  grown  in  bulk  from  year  to  year  in  rows 
approximately  132  feet  long.  Table  1  gives  a  summary  of  the  number 
of  plant  rows,  rod  rows,  and  bulk  rows  seeded  at  the  various  coop- 
erating stations  during  the  period  from  1921  to  1928.  This  summary 
shows  that  most  of  the  work  has  been  done  at  Dickinson,  N.  Dak.,, 
and  Moccasin,  Mont.     In  all,  26,085  rows  were  seeded  in  these  testa.. 
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Table  1. — Number  of  plant,  rod,  and  bulk  rows  of  wheat  sown  in  winter-wheat 
breeding  nurseries  at  11  experiment  stations,  1920-21  to  1927-28 


1 

(A 
p. 

1921-22 

1922-23 

1923-24 

1924-25 

1925-26 

1926-27 

1927-28 

Station 

2 
1 

i 

o 

o 

a 

s 

o 

2 

o 

a 

03 

o 

2 
3 

1 

o 

O 

60 

i 
1 

O 

Ph 
60 

1 
o 

« 

50 

1 

o 

Manhattan,  Kans... 

481 
260 

641 

Chi  CO,  Calif-. 

260 

Dickinson,  N.  Dak.. 
JMoccasin,  Mont 

358 
467 
470 

1,029 
702 
105 

597 

50 

2,084 

1,976 

1,200 

654 

430 

"60 
"60 

1,600 

1,150 

826 

430 
615 

"60 

340 

500 
500 
800 

48 
60 

450 
740 

552 
552 

30 

535 
742 

30 

1,000 
1,520 

30 

- 

8,586 
8,579 
3,401 

Targo,  N.  Dak 

Mandan,  N.  Dak....|.... 

60 

1,371 

Akron,  Colo.. 

860 

St.  Paul,  Minn ___. 

500 
168 
216 
168 

2,242 

1, 115 

North  Platte,  Nebr. 

.  J-  - 

60 
60 

— 

150 
150 

— 

150 
150 

528 

Hays,  Kans  .  . 

576 

Bozeman,  Mont 

■ 

168 

741 

1;  ?95 

50 

120 

340 

108 

1,284 

30 

30 

i 

Total 

2,433 

6,344 

120 

4,621 

1,800 

1,627 

2,870 

26,  085 

DIFFICULTIES  IN  STUDYING  WINTER  HARDINESS  IN  THE 

FIELD 

A  general  summary  of  the  results  obtained  from  the  various  stations 
for  each  year  in  which  material  was  grown  is  given  in  Table  2.  It 
will  be  seen  that  hardiness  data  were  not  obtained  every  year.  In 
many  cases  the  killing  was  so  severe  that  all  the  material  was  lost. 
In  other  cases  there  was  little  or  no  killing  and  the  least  hardy  strains 
survived  100  per  cent.  Another  difficulty  was  caused  by  the  fact  that 
fall  germination  often  was  very  poor,  and  some  of  the  plants  did  not 
emerge  until  spring,  thus  making  spring-stand  counts  worthless.  In 
some  cases  the  Idlhng  may  not  have  been  caused  by  extreme  cold  but 
by  soil  blowing,  drought,  heaving,  or  smothering  by  ice  crusts. 
Because  of  these  difficulties  it  seemed  desirable  to  grow  the  material 
at  several  stations  and  over  a  period  of  years. 

While  this  work  was  outHned  primarily  as  an  improvement  project, 
an  attempt  was  made  to  obtain  data  on  inheritance  of  winter  hardiness 
in  a  few  of  the  more  promising  crosses. 

In  presenting  the  results  of  these  studies,  only  the  data  from 
stations  where  partial  kilhng  occurred  will  be  considered. 
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INHERITANCE  OF  WINTER  HARDINESS 

A  number  of  F3  rows  of  the  cross  Buffum  No.  17  X  Eureka  were 
grown  in  comparison  with  the  parents  at  Fargo,  N.  Dak.,  in  1922 
and  at  Moccasin,  Mont.,  in  1923.  No  kilHng  had  occurred  in  this 
material  in  the  F2  generation.  Data  as  to  the  winter  survivals  of 
this  material  are  presented  in  Table  3.  At  Fargo  the  percentages 
were  based  on  actual  counts  made  in  the  fall  and  spring,  whereas  at 
Moccasin  they  were  based  on  estimates  of  spring  stands,  in  which 
the  Buffum  No.  17  parent  (which  showed  no  kilhng)  was  used  as 
the  standard  of  comparison. 

Table  3. — Survival,  in  frequency  classes,  of  Fz  winter-wheat  hybrid  strains  and 
parents  grown  at  Fargo,  N.  Dak.,  in  1922  and  at  Moccasin,  Mont.,  in  1923 


station,  year,  variety,  and  hybrid  strains 

Number  of  rows  with  survival 
centage  of— 

I  per- 

Total 
rows 

Average 

survival 

(per 

cent) 

0 

10 

30 

50 

70 

90 

Fargo,  N.  Dak.,  1922: 

Buflfum  No.  17        .  .                       

7 

109 

3 

13 

7 

7 
120 

7 

13 

257 

13 

90.0 

F3  hybrid  strains 

3 
1 

8 
3 

87.7 

Eureka 

75.7 

Moccasin,  Mont.,  1923: 

Buffum  No.  17 

90.0 

F3  hybrid  strains 

31 
0 

144 
6 

52 
4 

17 
2 

6 

1 

19.1 

Eureka 

26.9 

At  Fargo  the  average  survival  of  the  hybrids  was  intermediate 
between  that  of  the  two  parents,  while  at  Moccasin  the  hybrids 
showed  an  average  survival  which  was  lower  than  that  of  either 
parent.  Hybrids  less  hardy  than  Eureka  were  obtained,  as  well  as 
some  segregates  as  hardy  as  Buffum  No.  17. 

Table  4  presents  survival  data  obtained  from  F3  hybrid  strains  of 
Kanred  X  Minhardi  and  Minturki  X  Turkey  (C.  I.^  No.  6152)  crosses 
at  Dickinson,  N.  Dak.,  iii  1923.  The  hybrids  had  not  been  subjected 
to  killing  previously.  In  each  case  the  hybrids  and  parents  showed 
about  the  same  range  of  survival,  but  the  average  of  the  hybrids 
was  slightly  less  than  that  of  either  parent.  In  each  cross  some 
hybrid  rows  had  as  high  a  survival  as  the  hardiest  parent  rows. 


Table  4. 


-Survival,  in  frequency  classes,  of  Fz  winter-wheat  hybrid  strains  and 
parents  grown  at  Dickinson,  N.  Dak.,  1923 


Cross  and  parents,  and  hybrid  strains 

Number  of  rows  with  survival 
percentage  of— 

Total 
rows 

Average 
survival 

0 

10 

30 

60 

70 

(per  cent) 

Kanred  X  Minhardi: 

Minhardi. 

5 

101 

4 

2 

41 

2 

3 
53 
4 

""35" 
3 

1 
20 

1 

1 

12 

1 

1 
4 

2 

10 
185 
10 

6 

99 

6 

13.0 

F3  hybrid  strains 

9.6 

Kanred .. 

12.0 

Minturki  X  Turkey  (C.  I.  No.  6152):  a 

Minturki 

34.0 

F3  hybrid  strains _.               . 

"'"T!        7 

16.2 

Turkey  (C.  1.  No.  6152) 

1 

16.7 

'  The  initials  "C.  I."  refer  to  accession  numbers  of  the  Office  of  Cereal  Crops  and  Diseases. 
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In  addition  to  the  Fj  material  grown  at  Dickinson  in  1923,  F4  strains 
of  three  crosses  and  F5  strains  of  one  cross  also  were  grown.  The 
data  are  presented  in  Table  5.  For  the  F4  strains  of  the  three  crosses, 
Minessa  X  Turkey  (C.  I.  No.  6152),  Minhardi  X  Eureka,  and  Belog- 
lina-Buffum  (C.  I.  No.  5547)  X  Odessa  (C.  I.  No.  3687),  the  average 
survival  of  the  hybrids  was  intermediate  between  that  of  the  two 
parents,  although  individual  rows  were  obtained  which  were  hardier 
than  the  hardiest  parental  row.  The  F5  strain  of  Turkey  (C.  I.  No. 
1558)  X  Odessa  (C.  I.  No.  3687)  showed  an  average  survival  slightly 
higher  than  that  of  the  Odessa  parent,  and  13  of  the  63  hybrid  strains 
grown  were  hardier  than  the  hardiest  parent  row. 

Table  5. — Survival,  in  frequency  classes,  of  F4  and  Fs  winter-wheat  hybrid  strains 
and  parents  grown  at  Dickinson,  N.  Dak.,  1923  ^ 


Cross  and  parents,  and  hybrid 

Number  of  rows  with  survival  percentage  of  — 

Total 

Average 
survival 
(per  cent) 

strains 

0 

5 

15 

25 

35 

46 

66 

65 

76 

86 

95 

rows 

Minessa  X  Turkey  (C.  I.  No.  6152): 
Minessa 

2 
25 

2 

15 
1 

1 
14 

6 
83 
4 

2 

47 
3 

3 

53 
4 

3 
63 
3 

16.7 

F4  hybrid  strains 

6 

3 

1 

15.7 

Turkey  (C.  I.  No.  6152) 

6.3 

Minhardi  X  Eureka: 

Minhardi 

1 
5 

1 
4 

"2 

80.0 

F4  hybrid  strains 

2 
2 

3 

7 

8 

1 

4 

46.7 

Eureka 

15.0 

BeloglinarBuffura  (C.I.5547)  X  Odessa 
(C.  I.  No.  3687): 
Beloglina-Buffum  No.  17 .. 

1 
7 
1 

1 
3 
1 

1 
2 

38.3 

F4  hybrid  strains 

7 
1 

1 

? 

12 

11  . 

1 

2 

27.7 

Odessa    

25.0 

Turkey  (C.  I.  No.  1658)  X  Odessa  (C.I. 
No.  3687): 
Odessa  

1 

37 

2 

16.7 

Fs  hybrid  strains 

2 

0 

0 

^ 

2 

1 

2 

17.5 

Turkey 

1.7 

1  Progenies  of  surviving  plants  at  Dickinson  in  1922. 

It  would  seem  safe  to  conclude  from  these  data  that  winter  hardi- 
ness is  a  heritable  character  but  of  a  very  complex  nature  and  that 
it  is  greatly  influenced  by  environment.  By  selection  it  is  possible 
to  recover  hybrid  lines  which  are  as  hardy  as,  and  in  some  cases  hardier 
than,  the  hardy  parents.  Tliis  seems  to  indicate  that  parent  varieties 
possess  different  factoi-s  for  hardiness,  which  when  combined  may  give 
increased  hardiness. 

Martin  (7)  briefly  summarized  these  results  and  pointed  out  the 
difficulties  of  studying  the  inheritance  of  this  character  in  the  field. 

LABORATORY  METHODS  USED  TO  CHECK  FIELD 

RESULTS 

Owing  to  the  difficulty  of  studying  the  inheritance  of  winter  hardi- 
ness in  the  field,  several  investigators  have  been  endeavoring  to  de- 
velop laboratory  methods  which  will  give  a  better  index  to  the  probable 
hardiness  of  strains  than  can  be  obtained  in  the  field.  Recent  investi- 
gations by  Martin  (7)  and  Hill  and  Salmon  {6)  tend  to  show  that  the 
best  test  is  the  actual  exposure  to  certain  low  temperatures.  Because 
of  difficulties  in  developing  a  satisfactory  hardening-off  process,  the 
laboratory  tests  have  not  exactly  paralleled  the  results  obtained  under 
field  conditions.     Hill  and  Salmon  pointed  out  that  the  laboratory 
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methods  indicated  that  Kanred  and  Kharkof  were  more  hardy  than 
Minhardi.^  This  reaction  is  probably  caused  by  the  methods  used 
in  hardening  off,  as  Kanred  and  Kharkof  may  be  able  to  withstand 
sudden  drops  of  temperature  better  than  Minhardi,  provided  the 
latter  is  not  well  hardened  off. 

During  the  winter  of  1927-28  all  of  the  winter-wheat  hybrids  and 
leading  parents  grown  in  nursery  experiments  at  Dickinson,  N.  Dak., 
and  Moccasin,  Mont.,  were  subjected  to  freezing  tests  in  the  laboratory 
at  Manhattan,  Kans.^  The  object  of  these  studies  was  to  accumulate 
information  on  the  hardiness  of  new  strains  and  to  perfect  the  methods 
so  as  to  check  field  results  and  speed  up  the  breeding  program.  Some 
progress  was  made  in  perfecting  the  technique,  so  that  the  greenhouse 
results  correlated  rather  closely  with  the  behavior  in  the  field.  More 
work  along  this  line  is  being  done. 

GROWING  THE  HYBRID  MATERIAL 

The  Fi  plants  of  all  crosses  grown  at  Chico,  Calif.,  and  Manhattan, 
Kans.,  in  1919-20  furnished  an  abundant  supply  of  seed.  One  head 
from  each  plant  was  seeded  at  Chico  and  the  remainder  at  Manhattan. 
In  the  fall  of  1920,  481  plant  rows  were  space-planted  at  Manhattan, 
Kans.,  with  the  seed  from  the  Fi  plants.  Winter-survival  data  were 
obtained  on  this  material,  the  rows  were  harvested  in  bulk,  some  of 
the  least  promising  crosses  were  discarded,  and  the  remaining  ma- 
terial from  each  cross  and  reciprocal  was  bulked. 

The  F2  generations  of  all  crosses  were  grown  at  Manhattan,  Kans. 
The  winter  of  1920-21  was  rather  mild,  and  the  killing  that  occurred 
was  due  largely  to  an  early  spring  freeze.  The  injury  was  not  severe, 
except  in  the  less  hardy  combinations.  A  summary  of  the  survival 
data  obtained  in  the  spring  of  1921  is  presented  in  Table  6. 

Each  cross  and  its  reciprocal  were  grown  separately,  and  the  per- 
centage of  winter  survival  was  determined  on  each.  In  the  summary, 
however,  the  crosses  and  reciprocals  have  been  combined,  as  the  data 
failed  to  show  any  marked  differences  in  percentages  of  survival. 
The  crosses  are  presented  in  Table  6  in  the  order  of  average  survival. 
It  will  be  seen  that  most  of  the  material  showed  a  rather  high  average 
survival. 

The  combinations  showing  the  most  hardiness  were  those  that  had 
as  one  parent  such  varieties  as  Minhardi,  Minessa,  Turkey  (C.  I.  No. 
6152),  Padui,  and  Beloglina-Buffum  (C.  I.  Nos.  5545  and  5547). 
The  differences  in  killing  were  not  wide  enough  to  give  a  real  index 
of  the  hardiness  possessed  by  the  various  combinations.  Such  combi- 
nations as  Minhardi  X  Buffum  No.  17  and  Padui  X  Odessa  did  not 
show  as  good  survival  as  might  be  expected,  on  the  basis  of  the  known 
hardiness  of  the  parents.  This  may  be  explained  partially  by  the 
fact  that  both  parents  in  these  crosses,  while  hardy,  are  not  adapted 
to  Kansas  conditions.  The  cross  Kanred  X  Nebraska  No.  28  had  a 
survival  of  only  70  per  cent,  but  as  neither  of  these  two  varieties  is 
outstanding  in  hardiness,  little  hardiness  would  be  expected  in  this 
cross.  On  the  other  hand,  the  lowest  survival,  67.5  per  cent,  was 
recorded  for  the  cross  Kanred  X  Buffum  No.  17.  As  the  Buffum 
No.  17  parent  is  much  more  hardy  than  Nebraska  No.  28,  it  would 
be  expected  *to  produce  hardier  hybrids. 

*  This  work  was  conducted  by  B.  B.  Bayles  in  cooperation  with  the  Kansas  Agricultural  Experiment 
Station,  under  the  supervision  of  S.  C.  Salmon. 
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Table  6. — Average  vercentage  of  winter  survival  of  the  ¥%  generation  of  various 
unrUer-wheat  hyhrias  grown  at  Manhattan^  Kans.,  during  the  winter  of  1920-21 

{The  figures  in  parentheses  are  accession  numbers  of  the  Office  of  Cereal  Crops  and  Diseases] 


Cross 


Plant 

Sur- 

rows 

vival 

grown 

Number 

Per  cent 

3 

95.1 

20 

94.9 

4 

93.9 

3 

93.7 

4 

93.4 

13 

93.2 

8 

92.8 

1 

92.6 

1 

.     92.6 

6 

92.4 

19 

92.1 

12 

91.3 

6 

89.8 

7 

89.8 

2 

89.0 

39 

87.8 

30 

87.6 

7 

87.4 

6 

87.2 

1 

87.1 

1 

87.1 

12 

86.9 

30 

86.2 

6 

86.1 

7 

85.9 

1 

85.5 

11 

85.1 

2 

85.0 

8 

84.5 

16 

83.4 

24 

83.1 

28 

82.7 

25 

82.2 

19 

•      82.1 

23 

82.0 

13 

81.5 

11 

80.8 

5 

7a  2 

4 

74.9 

30 

74.8 

6 

73.1 

1 

70.6 

2 

70.0 

6 

67.5 

Minhardi  (5149)  X  Beloglina-Buflum  (6545) 

Minessa  (6154)  X  Turkey  (6152) 

Padui  (6153)  X  BcloKlina-Bufluin  (5545).... 
Kaored  (5146)  X  BeloKlina-Buffum  (5547).. 

Kanred  (5146)  X  Turkey  (6152) 

Minturki  (6155)  X  Turkey  (6152) 

ianred  (5146)  X  Minhardi  (5149) 

Minhardi  (5149)  X  Beloglina-Buflum  (5547) 

Bacska  (61.56)  X  Minhardi  (5149) 

Minturki  (6155)  X  Beloglina-Buffum  (5546) 

Minessa  (6154)  X  Bacska  (6156) 

Kanred  (5146)  X  Padui  (6153) 

Montana  No.  36  (5549)  X  Odessa  (3687) 

Minturki  (6155)  X  Bacska  (6156) 

Kanred  (5146)  X  Beloglina-Buflum  (5548).. 

Minessa  (6154)  X  Eureka  (5170) 

BulTum  No.  17  (3330)  X  Eureka  (5170) 

Kanred  (5146)  X  Montana  No.  36  (5549).... 

Odessa  (6151)  X  Turkey  (6152) 

Minhardi  (5149)  X  Buflum  No.  17  (3330)... 

Minhardi  (5149)  X  Minturki  (6155) 

Bacska  (0156)  X  Odessa  (6151) 

Minliardi  (5149)  X  Eureka  (5170) 

Odessa  (6151)  X  Montana  No.  36  (5549) 

Kanred  (5146)  X  Beloglina-Buffum  (5545).. 
Minturki  (6155)  X  Beloglina-Buflum  (5545) 

Kanred  (5146)  X  Odessa  (6151) 

Minhardi  (5149)  X  Beloglina-Buflum  (5548) 
Beloglina-Buffum  (5547)  X  Odessa  (3687) ... 

Odessa  (6151)  X  Padui  (6153) 

Padui  (6153)  X  Odessa  (3687) 

S:anred  (5146)  X  Minturki  (6155) 

Eureka  (5170)  X  Turkey  (6152).... 

Beloglina-Buflum  (5545)  X  Odessa  (3687)... 

Eureka  (5170)  X  Odessa  (6151) 

Sianred  (5146)  X  Eureka  (5170) 

Kanred  (5146)  X  Minessa  (6154) 

Odessa  (6151)  X  Beloglina-Buffum  (5547) ... 

Beloglina-Buflum  (5548)  X  Odessa  (3687) 

Eureka  (5170)  X  Minturki  (6155) 

Minturki  (6155)  X  Odessa  (6151) 

Minturki  (6155)  X  Odessa  (3687) 

Kanred  (5146)  X  Nebraska  No.  28  (5147)... 
Kanred  (5146)  X  Buffum  No.  17  (3330) 


The  most  promising  F2  material  grown  at  Manhattan  in  1920-21 
was  transferred  to  northern  stations,  where  the  conditions  were  more 
severe  and  therefore  the  percentage  of  kilUng  Hkely  to  be  higher. 
The  F2  plants  grown  from  each  Fi  plant  row  were  harvested  in  bulk. 
Each  lot  was  divided  into  four  parts  and  seeded  in  the  fall  of  1921 
at  Mandan  and  Dickinson,  N.  Dak.,  and  Moccasin,  Mont.  At  Dick- 
inson the  material  was  seeded  in  18-foot  rows,  duphcate  plantings 
being  made  on  fallow  and  on  stubble  land. 

The  Fi  and  F2  material  grown  at  Chico,  Calif.,  in  1920-21  pro- 
duced an  abundant  crop.  Selections  were  made  in  the  F2  from  some 
of.  the  crosses,  and  the  remainder  was  bulked  for  each  cross  and 
reciprocal.  The  seed  from  the  Fi  plants  was  sent  to  Fargo  and  Moc- 
casin. The  F2  selections  were  sent  to  Fargo,  Dickinson,  and  Moc- 
casin.    The  bulk  material  was  sent  to  Moccasin. 

From  Table  2  it  is  seen  that  there  was  no  killing  at  Fargo  in 
1921-22  except  in  Eureka  and  Eureka  crosses.  There  was  complete 
killing  at  Mandan  and  no  kiUing  at  Moccasin  in  this  period. 

•      55542—29 2 
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Table  7  presents  a  summary  of  the  Dickinson  data,  which  shows 
that  in  1921-22  the  kiUing  was  very  much  more  severe  on  fallow 
land  than  on  stubble  land.  Three  varieties  of  winter  rye  are  included 
in  this  table  for  comparison,  and  all  show  high  survival  on  fallow; 
however,  in  the  case  of  rye  there  was  spring  germination  on  the 
fallow  land.  The  highest  survival  for  wheat  on  fallow  land  was 
from  Buffum  No.  17,  which  showed  a  survival  of  5.6  per  cent,  whereas 
most  of  the  strains  were  completely  killed. 

In  Table  7  the  varieties  and  hybrids  are  arranged  in  order  of  their 
survival  on  stubble  land.  Odessa  (C.  I.  No.  6151)  showed  the  highest 
survival  for  wheats,  followed  by  Minhardi.  These  two  wheats 
are  Imown  to  be  very  hardy,  but  generally  Minhardi  is  the  hardier. 
Crosses  containing  Odessa,  Minhardi,  BufFum  No.  17,  and  Beloglina- 
Buffum  strains  showed  the  most  hardiness.  The  hardiest  cross, 
Minturki  X  Odessa  (C.  I.  No.  3687),  had  a  winter  survival  of  44.4 
per  cent.  The  difficulties  of  obtaining  critical  data  are  emphasized 
by  the  fact  that  Eureka  and  Minturki  showed  nearly  identical  per- 
centages of  survival,  although  it  is  a  well-known  fact  that  Minturki 
is  much  hardier  than  Eureka. 

Table  7. — Percentage  of  winter  survival  of  F3  winter-wheat  hybrid  strains  and 
parents  grown  in  rod  rows  on  fallow  and  on  stubble  land  at  Dickinson,  N.  Dak.y 
1921-22 


Name  of  cross  or  parent 

C.I. 

No. 

Percentage  survival 
on — 

Fallow 
land 

Stubble 
land 

Dakold  (rye)i 

2  100 

.2 
UOO 
UOO 

1.7 

0 
.1 

0 

5.6 
.7 

1.2 
.5 

1.3 

2.2 

0 
.6 

0 
.      .7 

0 
.2 
.9 
.3 

0 

1.5 
.3 
.2 

1.0 

0 
.6 

0 
.8 
.1 
.6 
.6 

0 
.1 

1.1 
.6 
.3 

80.0 

Odessa 

6151 

68.9 

Advance  (rye)i 

64.8 

Swedish  (rye)i  .                                                                            

62.0 

Minhardi 

6149 

46.4 

Minturki  X  Odessa  (C.  I.  No.  3687)          — - 

44.4 

Bacska  X  Odessa  (C.  I.  No.  6151) 

38.4 

Odessa 

4475 
3330 

36.8 

Buffum  No.  17                  .                                                        

36.6 

Minhardi X  Eureka. 

34.4 

Kanred  X  Buffum  No.  17 1 

33.2 

Beloglina-Buffum  (C.  I.  No.  5547)  X  Odessa  (C.  I.  No.  3687) 

30.0 

Odessa  (C.  I.  No.  6151)  X  Padui 





29.5 

Minessa  X  Turkey                                                           .         

27.2 

Odessa  (C.  I.  No.  6151)  X  Beloglina-Buffum  (C.  I.  No.  5547) 

26.9 

5548 

25.8 

Minturki  X  Odessa  (C.  I.  No.  6151)                                                    

24.4 

6154 

24.3 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546)                       

24.1 

Turkey                                                                                                           

.  6152 

23.2 

Odessa  (C.  1.  No.  6151)  X  Turkey  (C.  f.  No.  6152) 

22.1 

Beloglina-Buffum                                                               

6547 

20.9 

Eureka  X  Odessa  (C  I  No  6151) 

20.5 

Minhardi  X  Beloglina-Buffum  (C.  I.  No.  5545) 

19.3 

Odessa                        "                                                              

3687 

19.3 

18.8 

Minhardi  X  Minturki                        

17.6 

Kanred  X  Turkey                                                                            .  .  .  .. 

16.7 

6545 

14.9 

14.6 

Padui  X  Beloglina-Buffum  (C  I  No  5545) 

14.0 

5146 
6153 

13.0 

Padui                                                                                        

12.2 

Beloglina-Buffum  (C  I  No  5545)  X  Odessa  (C.  I.  No  3687) 

11.9 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5545)        

11.6 

Minessa  X  Eureka                                                                               

11.6 

Padui  X  Odessa  (C  I  No  3687) 

11.4 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  5548)          

10.8 

Kanred  X  Odessa  (C.  I.  No.  6151) 

10.5 

1  Included  for  comparison. 


« Largely  spring  germination. 
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Table  7. — Percentage  of  winter  survival  of  F3  winter-wheat  hybrid  strains  and 
parents  grown  in  rod  rows  on  fallow  and  on  stubble  land  at  Dickinson^  N.  Dak.t 
19^1-22— Continued 


Name  of  cross  or  parent 


Belogllna-Buffum 

BcloRlina-Buffum  (C.  I.  No.  6548)  X  Odessa  (C.  I.  No.  3687) , 

Eiireka 

Minturki 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  6547) , 

Kanred  X  Bcloglina-Bullum  (C.  I.  No.  5645) 

Kanred  X  Padui 

Eureka  X  Minturki 

Montana  No.  3fi  X  Odessa  (C.  I.  No.  3687) 

Minturki  X  Bacska 

Montana  No.  36 

MinessaX  Bacska 

Bacska 

Padui  X  Eureka 


C.I. 
No. 


6546 


5170 
6155 


5519 
'6156' 


Percentage  survival 
on- 


Fallow 
land 


Stubble 
land 


9.5 
9.2 
8.7 
8.5^ 
7.T 
6.0 
4.  ft 
4.2 
3.8 
8.3 
1.6 
1.0 
.2 
.2 


PLANT-ROW  RESULTS 

From  the  rows  showing  good  winter  survival  at  Dickinson  in 
1921-22,  plant  selections  were  made  and  the  seeds  sown  at  Dickinson, 
Mandau,  and  Fargo,  N.  Dak.,  and  Moccasin,  Mont.  There  was 
complete  killing  at  Fargo  and  Mandan  and  practically  no  killing  at 
Moccasin. 

THE  Fi  GENERATION 

At  Dickinson,  N.  Dak.,  the  material  was  space-planted  in  8-foot 
rows,  and  a  summary  of  the  winter-survival  data  is  presented  in 
Table  8. 

All  the  rows  of  a  cross  and  its  reciprocal  and  the  parent  check 
rows  are  combined,  and  the  percentage  survivals  on  a  row  basis  are 
shov^Ti  in  frequency  distributions.  The  total  number  of  rows  grown 
and  the  average  percentage  of  winter  survival  are  given.  The  parents 
and  crosses  are  arranged  according  to  the  average  percentage  of 
survival.  It  will  be  seen  that  the  average  survival  ranges  from  52.5 
to  0  per  cent.  Because  of  the  influence  of  soil  conditions  on  winter- 
killing, the  data  based  on  only  a  few  rows  are  not  so  reliable  as  those 
based  on  many  rows.  The  hardiest  crosses  were  Kanred  X  Minessa 
and  Minhardi  X  Eureka,  with  average  survivals  of  51.3  and  43.8 
per  cent,  respectively.  The  Minhardi  parent  had  a  survival  of  21 
per  cent,  and  the  Kanred  X  Minhardi  hybrids  showed  an  average 
survival  of  7.5  per  cent.  Padui  and  Bacska  showed  little  winter 
resistance,  and  the  10  rows  of  the  Minhardi  X  Minturki  cross  were 
all  killed. 
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THE  F{  GENERATION 

Selections  made  at  Dickinson  in  the  Fg  generation  were  grown 
in  plant  rows  at  Fargo  and  Dickinson,  N.  Dak.,  and  at  Moccasin, 
Mont.,  in  1923-24.  There  was  no  killing  at  Moccasin.  Killing  at 
Fargo  was  very  severe  in  all  strains  grown  with  the  exception  of  Dakold 
rye.  The  Fargo  data  are  presented  in  Table  9.  Buffum  No.  17  was 
the  hardiest  wheat  variety,  with  a  survival  of  37.5  per  cent,  and  the 
Kanred  X  Buffum  No.  17  cross  was  the  hardiest  of  the  hybrids.  Many 
of  the  less-hardy  parents  and  hybrid  strains  were  completely 
winterkilled  or  nearly  so.  Selections  made  from  the  surviving 
hvbrid  material  and  reseeded  at  Fargo  in  the  fall  of  1924  were  com- 
pletely killed,  so  that  this  material  was  lost. 

The  data  obtained  from  Dickinson,  N.  Dak.,  in  1923-24  are  pre- 
sented in  Table  10.  Killing  was  not  so  severe  as  at  Fargo,  as  in  no 
case  was  any  strain  or  row  completely  killed.  BufTum  No.  17  was  the 
hardiest  variety,  with  a  survival  of  67.5  per  cent — slightly  better  than 
Dakold  rye,  which  had  a  survival  of  62.5  per  cent.  Kanred  X  Odessa 
progeny  were  the.  hardiest  of  the  hybrids.  Several  hybrid  com- 
binations containing  Buffum  No.  17,  Minhardi,  or  Odessa  as  the 
hardy  parent  showed  very  good  survival.  Inconsistencies  are  pres- 
ent in  these  data,  however,  as  Kanred  and  Eureka  had  nearly 
identical  percentages  of  survival,  whereas  it  is  known  that  Kanred  is 
much  hardier  than  Eureka.  Of  the  hybrids,  the  Buffum  No.  17  X 
Eureka  hybrid  material  showed  the  poorest  survival. 
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Kanred  X  Odessa  (C.  I.  No.  6151; i 

Minhardi 

Minturki  X  Turkey  (C.  I.  No.  6162) 

Beloglina-Buffum  (C.  I.  No.  5547)  X  Odessa  (C.  I.  No.  3687) 

Minturki  X  Odessa  (C.  I.  No.  3687) 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  5645) 

Beloglina-Buffum 

Turkey  (C.  1.  No.  6152)  X  Minessa 

Kanre«l  X  Minhardi 

Odessji  (C.  I.  No.  6161)  X  Beloglina-Buffum  (C.  I.  No.  5547) 

Turkey 

Eureka  X  Minturki 

Beloglina-Buffum 

Minturki 

Odessa 

Do 

Kanred  X  Buffum  No.  17 

Minessa  X  Eureka 

Kanred 

Eureka 

Minhardi  X  Minturki 

Beloglina-Buffum  (C.  1.  No.  5548)  X  Odessa  (C.  I.  No.  3687) 

Beloglina-Buffum 

Kanre<l  X  .Minturki 

Beloglina-Buffum  (C.  I.  No.  5545)  X  Odessa  (C.  I.  No.  3687) 

Padui  X  Odessa  (C.  I.  No.  3687) 

Padui 

Padui  X  Beloglina-Buffum  (C.  I.  No.  5545) 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546) 

Eureka  X  Turkey  (C.  I.  No.  6152) 

Minturki  X  Odessa  {C.  1.  No.  6151) 

Buffum  No.  17  X  Eureka 

Turkey 
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SUMMARY  OF  WINTER  SURVIVAL  OF  HYBRID  SELECTIONS  AND  PARENTS 

Detailed  data  on  winterkilling  of  hybrid  selections  and  parents  are 
availabls  from  Manhattan,  Kans.,  in  1921,  and  from  Dickinson,  N. 
Dak.,  from  1922  to  1924,  also  from  Fargo,  N.  Dak.,  in  1924.  At 
these  stations  partial  killing  w-as  recorded  in  the  spring  of  the  years 
mentioned,  and  the  material  for  growing  the  following  year  was 
selected  from  the  surviving  plants.  Table  11  presents  a  summary 
of  these  data.  In  no  case  were  parents  grown  at  Manhattan  in 
1921;  only  those  hybrids  are  included  which  had  beengrow^n  through 
the  entire  series  of  years.  The  parents  and  hybrids  are  ranked  accord- 
ing to  the  average  winter  survival  from  1922  to  1924.  For  sake  of 
comparison  the  1921-1924  average  is  also  included  for  the  hybrids. 

Table  11. — Summary  of  winter  survival  of  hybrid  strains  and  parents  grown  in 
plant  rows  at  Manhattan,  Kans.,  and  at  Dickinson  and  Fargo,  N.  Dak.,  in 
stated  years 


Name  of  cross  or  parent 


Buffum  No.  17 - 

Odessa .-. 

Minhardi . 

Minhardi  X  Eureka .-. 

Minturki  X  Odessa  (C.  I.  No.  3687) 

Odessa  (C.  I.  No.  6151)  X  Beloglina-Buffum  (C.  I.  No. 

5547) 

Beloglina-BufEum 

Kanred  X  Buffum  No.  17 -.. 

Odessa  (C.  I.  No.  3687)  X  Beloglina-Buffum  (C.  I. 

No.  5547) 

Kanred  X  Minessa 

Minessa 

Minturki  X  Odessa  (C.  I.  No.  6151) — 

Beloglina-Buffum 

Do - 

Kanred  X  Odessa  (C.  I.  No.  6151) 

Beloglina-Buffum... 

Minturki 

Turkey  X  Minessa 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546) 

Padui  X  Beloglina-Buffum  (C.  I.  No.  5545) 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  5545).. 

Odessa 

Turkey 

Eureka  X  Minturki 

Minhardi  X  Minturki 

Minessa  X  Eureka 

Beloglina-Buffum  (C.  I.  No.  5548)  X  Odessa  (C.  I. 

No.  3687) -. 

Odessa  (C.I.  No.  3687)  X  Beloglina-Buffum  (C.  I. 

No.  5545).. 

Eureka  X  Turkey 

Kanred 

Eureka .j 

Kanred  X  Minhardi 

Padui  X  Odessa  (C.  I.  No.  3687) 

Padui 


C.I. 

No. 


3330 
6151 
5149 


5548 


Average  percentage  of  survival 


Man- 
hat- 
tan, 
1921 


70.6 
78.2 
"67.'5" 


84.5 
80.8 


Dickinson 


19221  1923  1924 


73.1 


5546 
5547 


85.1 


5545 
6155 


3687 
6152 


94.9 
92.4 


85. 


74.8 
87.1 
87.8 

74.9 

82.1 
82.2 


5146 
5170 


92.8 
83.1 


46.4 
34.4 
44.4 

26.9 
25.8 
33.2 

30.0 
18.8 
24.3 
24.4 

9.5 
20.9 
10.6 
14.9 

8.5 
27.2 
24.1 
14.0 

5.0 
19.3 
23.2 

4.2 
17.5 
11.6 

9.2 

11.9 
14.6 
13.0 

8.7 

0 

11.4 
12.2 


20.0 
19.3 
21.0 
43.8 
34.4 

40.5 
52.5 
12.5 

27.2 
51.3 
20.0 
42.5 
47.5 
29.4 
30.0 
26.7 
40.2 
14.3 
29.1 
25.0 
28.1 
15.0 
11.8 
24.5 
0 
17.7 

18.8 

19.7 
22.1 
13.9 
18.3 
7.5 
7.4 
1.3 


67.5 
48.3 
59.0 
56.6 
52.7 

49.3 

48.8 
47.5 

54.0 
43.3 
50.4 
37.6 
43.8 
50.5 
59.5 
50.0 
48.4 
50.5 
39.5' 
39.9 
51.7 
48.1 
49.3 
49.0 
44.2 
45.0 

44.1 

42.5 
38.9 
44.9 
44.7 
49.6 
42.5 
40.0 


Far- 
go, 
1924 


37.5 
5.0 

14.7 
4.2 
6.1 

13.1 
0 
32.3 

8.5 
5.3 

15.4 
4.5 
3.8 
1.9 
2.2 

10.0 
3.1 
7.4 
6.5 

19.8 
8.6 


4.7 

1.8 

0 

1.0 

.4 
10.9 

.4 
0 


Average 


1921-  1922- 
1924  1924 


45.0 
41.6 

41.6 

38."6 

40.8 


36.4 


37.5 


38.9 
38.3 
38.5 
35.9 


31.6 
33.7 
33.3 

30.3 

31.6 
31.6 


32.2 
29.0 


40.4 
35.4 
35.3 
34.8 
34.4 

32.5 
31.8 
31.4 

29.9 
29.7 
27.5 
27.3 
26.2 
25.7 
25.6 
25.4 
25.1 
24.9 
24.8 
24.7 
23.4 
22.8 
21.2 
20.9 
20.4 
19.7 

19.2 

19.0 
18.9 
18.2 
18.0 
17.0 
15.4 
13.4 


1  The  F3  hybrid  data  in  1922  are  averages  of  F2  lines  grown  in  rod  rows. 

The  hardiest  parents  are  Buffum  No.  17,  Odessa  (C.  I.  No. 
6151),  and  Minhardi,  followed  by  the  several  Beloglina-Buffum 
strains,  Minessa  and  Minturki,  the  least  hardy  parents  being  Padui, 
Eureka,  and  Kanred.  This  general  order  agrees  fairly  well  with  the 
results  obtained  from  the  uniform  winter-hardiness  nurseries,  except 
that  Eureka  usually  is  much  less  hardy  than  Kanred  or  Padui. 

Of  the  hybrids,  Minhardi  X  Eureka  showed  the  best  survival. 
In  most  cases  the  hybrids  showed  a  survival  intermediate  to  that  of 
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the  parents.  There  are,  however,  exceptions;  in  some  instances  the 
hybrids  ranked  higher  than  either  parent,  as,  for  example,  the  combina- 
tions Mintiirki  X  Odessa  (C.  I.  No.  3687)  and  Kanred  X  Minessa.  In 
some  cases  the  hybrids  were  less  hardy  than  either  parent.  Kanred  X 
Minhardi,  Minhardi  X  Mintiirki,  and  Odessa  (C.I.  No.  3687)  X  Belog:- 
lina-Biiffum  (C.  I.  No.  5545)  showed  this  condition.  The  Minhardi 
X  Eureka  cross  showed  an  average  survival  of  34.8  per  cent,  while  the 
Kanred  X  Minhardi  cross  averaged  17  per  cent.  This  clearly  in- 
dicates that  certain  combinations  give  more  hardiness  than  others. 

BULK-ROW  RESULTS 

In  addition  to  the  material  growTi  in  plant  rows  from  year  to  year, 
several  of  the  hybrid  combinations  were  carried  in  bulk  rows.  The 
seed  was  obtained  from  the  F2  generation  of  the  various  crosses 
grown  at  Manhattan,  Kans.,  and  Chico,  Calif.,  in  1920-21,  and  was 
continued  at  Moccasin,  Mont.,  from  1922  to  1925.  Winter  survivals 
were  recorded  for  each  row  in  each  year.  These  data  are  presented 
in  Table  12.  In  this  table  the  hybrids  are  ranked  in  the  order  of 
their  average  survival.  In  all  cases  the  data  from  reciprocal  crosses 
have  been  combined.  In  1922  and  1924  no  killing  occurred  in  any  of 
the  rows.  There  is  little  difference  in  the  average  survival  of  the 
different  combinations.  Of  the  36  combinations  grown,  26  had  an 
average  survival  of  90  per  cent  or  more.  Only  two  combinations, 
Bacska X Odessa  (C.  I.  No.  6151)  and Bacska X Odessa  (C.I. No.  3687), 
had  survivals  of  less  than  80  per  cent. 

Table  12. — Summary  of  winter  survival  of  winter-wheat  hybrid  strains  grown  in 
8-rod  bulk  rows  at  Moccasin,  Mont.,  1922-1925  9 


Name  of  cross 


Percentage  of  survival 


1922     1923     1924     1925    ^7^ 


Beloglina-Buffum  (C.  I.  No.  5545)  X  Odessa  (C.  I.  No.  3687). 
Beloglina-Buffum  (C.  I.  No.  5548)  X  Odessa  (C.  I.  No.  3687) 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  5547) 

Padui  X  Beloglina-Buffum  (0.  I.  No.  5545) 

Kanred  X  Minhardi 

Beloglina-Buffum  (C.  I.  No.  5545)  X  Odessa  (C.  I.  No.  3687).. 

Minturki  X  Odessa  (C.  I.  No.  3687) 

Kanred  X  Buffum  No.  17 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546). 

Kanred  X  Padui 

Kanred  X  Minessa. 

Odessa  (C.  I.  No.  6151)  X  Padui 

Padui  X  Odessa  (C.  I.  No.  3687) 

Minhardi  X  Eureka.- 

Karmont  X  Odessa  (C.  I.  No.  3687) 

Kanred  X  Beloglina-Buffum  (C.  I.  No.  5545) 

Minturki  X  Turkey  (C.  I.  No.  6152) 

Kanred  X  MinturKi 

Kanred  X  Odessa  (C.  I.  No.  6151).. .., 

Minessa  X  Turkey  (C.  I.  No.  6152) 

Kanred  X  Turkey  (C.  I.  No.  6152) 

Odessa  (C.  I.  No.  6151)  X  Karmont 

Odessa  (C.  I.  No.  6151)  X  Turkey  (C.  I.  No.  6152) 

Eureka  X  Minturki 

Minessa  X  Eureka 

Eureka  X  Odessa  (C.  I.  No.  6161) 

Minessa  X  Bacska 

Eureka  X  Turkey  (C.  I.  No.  6152) 

Buffum  X  Eureka 

Kanred  X  Eureka 

Odessa  (C.  I.  No.  6151)  X  Beloglina-Buffum  (C.  I.  No.  5547).. 

Bacska  X  Minhardi : ,,. 

Kanred  X  Karmont -. -..•...'. 

Minturki  X  Bacska 

Bacska  X  Odessa  (C.  I.  No.  3687)..^,..,^.,.*...^ ^ 

Bacska  X  Odessa  (C.  I.  No.  6151)..--.——-—--——-: 


rr,rr^.- 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


98 
98 
100 
95 
95 
95 
95 
95 
98 
98 
98 
94 
90 


95 


«Hh»- 


70 
95 
70 
C5 

43  I 


100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100  ' 

100  , 

100 

100  I 

100  ' 

100  : 

100  I 

100  ! 

100  I 

100  j 

100  I 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


100 

100 

95 

100 

100 

100 

100 

100 

95 

95 

95 

98 

100 

100 

90 

90 

90 

90 

90 

95 

95 

95 

95 

88 

80 


90  ' 
95  i 
80 

100  i 
75 
50 
55 
60 
60 


99.5 
99.5 
98.8 
98.8 
98.8 
98.8 
98.8 
98.8 
98.3 
98.3 
98.3 
98.0 
97.5 
97.3 
97.0 
97.0 
96.8 
96.8 
96.3 
95.8 
95.8 
93.8 
92.5 
91.8 
90.0 
90.0 
88.8 


88.8 
87.5 
86.3 
86.3 
81.3 
78.8 
75.8 
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The  bulk  hybrids  were  grown  at  Moccasin  in  rows  approximately 
132  feet  long.  Each  year  the  entire  row  was  cut  and  threshed,  and 
from  this  seed  a  random  sample  was  obtained  for  seeding  the  next 
crop.  Yields  were  determined  on  each  row  and  are  shown  in  Table  13. 
In  this  table  the  hybrids  are  arranged  in  the  order  of  their  average 
yield.  Kanred  X  Beloglina-Buffum  (C.  I.  No.  5547),  which  produced 
the  highest  average  yield,  also  was  one  of  the  highest  for  winter 
survival.  The  second  highest  yielding  hybrid  combination  was 
Kanred  X  Buff um.  The  lowest  yielding  hybrid,  Bacska  X  Odessa 
(C.  I.  No.  6151),  also  was  the  poorest  for  winter  survival. 

Table  13. — Summary  of  yields  of  the  winter-wheat  hybrid  strains  grown  in  8-rod 
bulk  rows  at  Moccasin,  Mont.,  1922-1925 


Yield  per  acre 

Name  of  cross 

1922 

1923 

1924 

1925 

Aver- 
age 

Kanred  X  Beloglina-Buffum  (0. 1.  No.  5547)  ..  .     . 

Bush. 
30.0 
27.0 
29.5 
28.5 
29.5 
29.5 
27.5 
34.0 
29.5 
27.5 
28.3 
28.0 
27.5 
28.0 
29.0 
29.5 
26.5 
31.5 
25.5 

23.  e 

27.8 
25.0 
38.0 
30.0 
28.2 
28.0 
24.5 
27.0 
29.0 
29.0 
27.8 
26.5 
20.5 
29.0 
24.7 
- 

Bush. 
37.0 
29.0 
30.0 
24.0 
21.5 
22.0 
26.5 
24.0 
22.0 
20.5 
24.3 
22.0 
19.5 
22.5 
23.0 
22.0 
30.5 
22.0 
20.0 
27.0 
20.5 
22.5 
10.5 
19.5 
15.0 
16.5 
23.0 
13.0 
13.0 
21.5 
19.8 
13.3 
15.5 
12.0 
14.5 

Bush. 
37.5 
34.5 
33.3 
35.5 
43.0 
39.5 
38.0 
34.5 
39.0 
39.0 
28.0 
42.5 
39.0 
35.0 
34.8 
37.5 
23.0 
35.5 
39.0 
32.0 
30.8 
32.0 
35.5 
27.5 
31.2 
32.8 
29.0 
32.5 
33.0 
25.5 
29.5 
31.0 
35.5 
28.0 
27.8 

Bush. 
18.0 
23.0 
20.5 
24.0 
18.0 
19.0 
18.0 
17.0 
18.0 
20.5 
25.5 
13.0 
19.0 
19.5 
17.5 
15.5 
24.0 
15.0 
17.5 
19.0 
21.0 
20.0 
14.0 
20.5 
19.3 
16.5 
17.0 
19.0 
16.5 
14.5 
12.5 
18.5 
17.0 
16.5 
14.0 

Bush. 
30  6 

Kanred  X  Buflfum                     ..    .  . 

28  4 

Minturki  X  Turkey  (C.  I.  No.  6152) 

28.3 

Kanred  X  Minhardi      . .  . 

28  0 

Karmont  X  Odessa  (C.  I.  No.  3687) 

28.0 

Kanred  X  Turkey  (C.  I.  No.  6152) 

27.5 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546) 

27  5 

Kanred  X  Minessa 

27.4 

Padui  X  Belnglina-BiifFnm  (C  T,  No.  ."1545) 

27. 1 

Beloglina-Buffum,  (C.  I.  No.  5548)  X  Odessa  (C.  I.  No.  3687). 

Minessa  X  Turkey  (C.  I.  No.  6152). 

26.9 
26.5 

Kanred  X  Karmont .... 

26  4 

Odessa  (C.  I.  No.  6151)  X  Karmont 

26.3 

Kanred  X  P^dui 

26.2 

Kanred  X  Minturki ...      ..      .         .. 

26  1 

Kanred  X  Beloglina-Buffum (G.  I.  No.  5545).. 

26.1 

Odessa  (C.  I.  No.  6151)  X  Padui 

26.0 

Kanred  X  Odessa  (C.  I.  No.  6151).- 

26  0 

Beloglina-Buffum  (C.  I.  No.  5545)  X  Odessa  (C.  I.  No.  3687") 

Beloglina-Buffum  (C.  I.  No.  5547)  X  Odessa  (C.  I.  No.  3687)... 

Minhardi  X  Eureka 

25.5 
25.3 
25  0 

Padui  X  Odessa  (0.  I.  No.  3687) 

24.9 

Kanred  X  Eureka 

24.5 

Odessa  (C.  I.  No.  6151)  X  Turkey  (C.  I.  No.  6152) 

24.4 

Eureka  X  Odessa  (C.  I.  No.  6151) 

23.4 

Eureka  X  Minturki ... . 

23.4 

Minturki  X  Odessa  (C.  I.  No.  3687) 

23.4 

Buflum  X  Eureka. 

22.9 

Bacska  X  Odessa  (C.  I.  No.  3687) 

22  9 

Minessa  X  Bacska 

22  6 

Minturki  X  Bacska 

22.4 

Eureka  X  Turkey  (C.  I.  No.  6152) 

22  3 

Odessa  (C.  I.  No.  6151)  X  Beloglina-Buffum  (C.  I.  No.  S547) 

Bacska  X  Minhardi 

22.1 
21.4 

Bacska  X  Odessa  (C.  I.  No.  6151)  .. 

20.3 

At  harvest  time  in  1925  head  selections  were  made  from  the  more 
outstanding  crosses  for  survival  and  yield.  These  selections  were 
grown  in  head  rows  at  several  stations  in  the  winter- wheat  belt.  At 
this  time  these  selections  have  not  been  grown  long  enough  to  deter- 
mine their  value. 

After  harvest  in  1925  the  least  promising  combinations  were  dis- 
carded, and  those  remaining  were  seeded  at  Dickinson,  N.  Dak.,  for 
growing  under  conditions  of  more  severe  winterkilling. 


NURSERY  EXPERIMENTS 


As  promising  homozygous  material  became  available  from  plant 
rows  at  the  several  stations  it  was  advanced  to  nursery  experiments. 
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TESTS  IN  NORTH  DAKOTA  AND  MONTANA 

At  harvest  in  1924  at  Dickinson,  N.  Dak.,  the  seed  from  the  most 
hardy  and  promising  plant  rows  which  seemed  to  be  homozygous 
was  bulked  and  then  seeded  in  rod  rows  at  Dickinson,  N.  Dak.,  and 
Moccasin,  Mont.  The  first  year  the  material  was  grown  in  single 
rod  rows  replicated  three  times.^  As  rapidly  as  possible,  the  more 
outstanding  strains  were  advanced  to  3-row  plots  replicated  three 
times.  At  Dickinson  the  material  was  seeded  in  stubble,  whereas 
at  Moccasin  the  seeding  was  done  on  fallow.  In  general,  the  same 
strains  were  grown  at  both  places,  although  this  practice  was  not 
followed  entirely.  After  each  harvest  the  strains  were  studied  for 
quality  of  grain.  The  earlier  studies  were  made  on  kernel  appear- 
ance and  texture  and  the  later  on  crude-protein  content.  These 
data,  together  with  data  regarding  winter  hardiness  and  yield, 
furnished  the  basis  for  discarding  the  less  promising  strains.  In 
all,  17  hybrid  strains  and  10  parent  varieties  have  been  grown  at 
both  the  Moccasin  and  Dickinson  stations  for  the  4-year  period 
1925-1928.  Many  other  hybrid  strains  have  been  grown,  but  only 
those  grown  in  all  years  are  included  in  the  tables. 

TESTS    AT   DICKINaON.  N.  DAK. 

Table  14  presents  the  winter  survival  and  yield  data  obtained  from 
34  hybrid  strains  and  13  parent  varieties  grown  in  replicated  rod  rows 
at  Dickinson,  N.  Dak.,  from  1925  to  1928,  inclusive.  A  study  of  the 
data  shows  that  during  each  of  four  winters  killing  was  rather  severe. 
The  winter  of  1926-27  was  the  most  severe,  the  highest  survival 
recorded  being  10  per  cent.  The  strain  having  the  highest  average 
survival  for  the  4-year  period  was  Kanred  X  Minhardi  (C.  I.  No.  8031), 
which  had  an  average  survival  of  48  per  cent.  Minhardi  and  another 
strain  of  Kanred  X  Minhardi  (nursery  No.  130)  were  second,  each 
with  an  average  survival  of  44.3.  Other  hybrid  strains  showed 
survivals  nearly  equal  to  Minhardi,  while  some  were  less  hardy  than 
Kanred  and  Turkey. 

The  varieties  and  strains  are  listed  in  the  order  of  their  average 
yield.  The  average  yields  are  all  low,  ranging  from  6  to  13.7  bushels 
per  acre.  In  general,  the  hybrid  strains  giving  the  highest  yields  had 
as  one  parent  such  varieties  as  Minturki,  Minhardi,  or  Buffum  No.  17. 
Several  strains  gave  higher  average  yields  than  either  Minhardi  or 
Buffum  No.  17,  and  only  four  hybrid  strains  ranked  below  Min- 
turki and  Kanred. 

The  correlation  between  average  yield  and  average  winter  survival 
is  not  so  great  as  might  be  expected,  since  some  of  the  strains  ranking 
low  for  survival  ranked  rather  high  for  yield.  This  would  seem  to 
indicate  that  strains  probably  differ  in  their  ability  to  recover  in  the 
spring  and  to  utilize  the  available  supply  of  moisture  and  plant  food. 

*  Triplicate  rows. 
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Table  14. — Average  percentage  of  winter  survival  and  acre  yield  of  hybrid  selections 
and  parent  varieties  grown  in  replicated  rod  rows  at  Dickinson,  N.  Dak.,  1925-1928 


Name  of  cross  or  parent 


Minturki  X  Beloglina-Buffum 

(C.  1.5546) 

Minhardi  X  Minturki 

Do 

Minturki  X  Beloglina-Buffum 

(C.I.  5546) 

Kanred  X  Buffum  No.  17 

Turkey  X  Minessa 

Beloglina-Buffum  (C.  I.  5647) 

X  Odessa  (C.  I.  3687).. 

Kanred  X  Minhardi 

Buffum  No.  17. 

Minhardi  X  Minturki 

Minturki  X  Beloglina-Buffum 

(C.I.  5546) 

Kanred  X  Minhardi 

Minhardi 

Padui  X  Odessa  (C.  I.  3687)... 

Turkey  X  INIinessa.. 

Kanred  X  Minessa 

Minhardi  X  Minturki 

Padui  X  Odessa  (C.  I»3687)... 
Minhardi  X  MinturkS. 


Kanred  X  Minhardi 

Padui  X  Odessa  (C.  I.  3687).. . 

Odessa 

Beloglina-Buffum 

Minessa 

Lureka  X  Minhardi 

Lei.,  lina-Buffum  (C.  I.  5547) 

X  Odessa  (C.  1.3687) 

Kanred  X  Beloglina  -  Buffum 

(C.  I.  5545) 

Beloglina-Buffum 

Kanred  X  Beloglina  -  Buffum 

(C.  1.5545) 

Beloglina-Buffum 

Kanred  X  Minhardi 

Do 

Eureka  X  Minhardi 

Kanred  X  Minhardi 

Kanred  X  Minturki 

Beloglina-Buffum 

Kamred  X  Minhardi... 

Padui 

Kanred  X  Minhardi 

Minturki 

Kanred  X  Odessa  (C.  I.  3687).. 

Turkey 

Kanred 

Turkey  selection.. 

Kanred  X  Beloglina  -  Buffum 

(C.  1.5545) 

Do 

Kanred  X  Minhardi 


C.I. 

No. 


8034 


8028 


8031 
3330 
8047 


8040 
5149 


8035 
8045 


3687 
5545 
6154 


5647 
5548" 


8037 
5546" 


6153 
6155" 


1558 
5146 
6152 


8041 


Nurs- 
ery 
No. 


162 
171 
167 

160 
116 


178 
126 


166 


161 
123 


175 
45 
136 
170 
173 
169 
128 
172 


76 
177 


164 


156 


119 
130 

78 
120 
142 


125 


148 


161 
154 
124 


Percentage  of  survival 


1925 


1926 


1927 


24  33 
41 

29  46 

50  40 


1928 


8 

56 
4  i  66 
1      67 


«^-g«    vTval 


Rank      Yield  in  bushels  per  acre 
for 


32.8 
29.3 
39.3 

28.0 
42.0 
22.8 

38.8 
48.0 
35.8 
39.6 

27.0 
40.6 
44.3 
31.3 
19.6 
35.3 
33.0 
26.6 
31.0 
23.8 
38.3 
34.8 
42.5 
34.3 
40.5 

33.8 

29.3 
32.0 

43.0 
42.8 
33.3 
44.3 
40.0 
33.5 
31.5 
30.3 
33.5 
35.3 
39.5 
32.0 
28.5 
37.0 
30.6 
29.6 

30.5 
24.8 
30.3 


1926 


30.5  ! 
22.5 
30.8  , 
I 
18.3 
2G.4 
2L7 

18.2 
24.0 
16.4 
26.6 

18.8 
16.0 
18.5 
19.3 
18.9 
17.2 
22.0 
17.2 
20.4 
17.6 
15.4 
16.3 
10.2 
16.8 
17.3 

15.0 

18.4 
18.6 


13.0 
12.7 
15.7 
13.6 
13.2 
16.3 
13.5 
15.1 
13.7 
13.6 
13.4 
12.7 

9.7 
11.1 

8.1 

11.4 
12.9 
13.2 


3.5 
2.4 
3.0 

2.7 
3.3 
2.9 

3.0 
3.9 


1927 


3.9 
2.2 
1.1 

3.8 
1.0 
3.6 

8.3 
8.1 


17.0 
21.2 
12.4 

21.9 
15.2 
17.9 


1 
2 

5.9     2.3  I  20.0 
3.2     1.0  i  14.0 


2.6 
3.3 
6.0 

2.8 
4.1 


3.6 

1.7 

2.7 

2.3 

2  7 

1.4 

3.9 

2.3 

2.3 

2  0 

3.9 

0 

a  2 

2.1 

1.8 

6.7 

0 

3.3 

2.8 

3.6 

6.0 

3.4 

2.2 

3.2 

1.6 

3.5 

2.7 

4.1 

1.0 

2.9 

5.0 

2.6 

2.2 

2.? 

4.7 

2.6 

6.7 

5.1 

3.0 

3.3 

0 

2.7 

2.8 

2.4 

.8 

3.7 

4.6 

2.3 

0 

4.9 

2.8 

2.7 

0 

3.7 

.3 

1.2 

0 

2.8 

3.2 

1.7 

2.5 

1.8 

4.5 

19.7 
18.1 
15.0 
15.5 
15.0 
16.1 
11.8 
17.1 
11.3 
16.1 
18.3 
18.2 
22.9 
15.7 
12.4 

11.3 

11.2 
10.9 

17.9 
16.0 
12.6 
12.1 
11.3 
11.0 

7.8 
14.8 

9.3 
12.4 

6.5 
12.0 

6.2 
13.0 
10.5 
16.2 

7.3 
7.  2 
4  5 


Av 
erage 


13.7 
12.1 
11.8 

11.7 
11.5 
11.6 

11.4 
11.3 
11.2 
10.9 

10.8 
10.5 
10.3 
10.3 
10.2 
9.7 
9.7 
9.6 
9.5 
9.5 
9.4 
9.4 
9.3 
9.3 
9.0 

9.0 

8.8 
8.6 

8.5 
8.5 
8.3 
8.2 
8.1 
8.1 
8.1 
7.9 
7.6 
7.3 
7.1 
6.9 
6.7 
6.4 
6.4 
6.4 

6.2 
6.1 
6.0 


TESTS    AT    MOCCASIN,  MONT. 

In  all,  39  hybrid  strains  and  12  parent  varieties  were  ^rown  at 
Moccasin,  Mont.,  in  replicated  rod  rows  throughout  the  4-year 
period  Trom  1925  to  1928.  The  winter  survival  and  yield  data  of 
these  strains  are  presented  in  Table  15.  Except  in  1928,  the  winter- 
killing at  Moccasin  was  rather  light  and  almost  no  killing  occurred 
in  1927.  Three  strains  of  Kanred  X  Minhardi  had  average  survivals 
higher  than  Minhardi.  Kanred  X  Minhardi  (C.  I.  No.  8031)  ranked 
first  for  average  winter  survival  at  Moccasin  as  well  as  at  Dickinson. 
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Table  15. — Average  percentage  of  winter  survival  and  acre  yields  of  hybrid  selections 
and  parent  varieties  grown  in  replicated  rod  rows  at  Moccasin,  Mont.,  1925-1928 


O.I. 
No. 

Nur- 
sery 
No. 

Percentage  of  surviyal 

Rank 
for 
aver- 
age 
sur- 
vival 

Yield  in  bushels  per  acre 

Name  of  cross  or  parent 

1926 

1926 

1927 

1928 

Aver- 
age 

1925 

1926 

1927 

1928 

Aver, 
age 

Turkey  X  Minessa 

486 

93 

93 
90 

88 
90 
100 
100 
100 
99 

100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
70 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
95 
100 

58 
62 

47 
29 
72 
69 
60 
62 
49 
53 
47 

50 
32 
33 
81 
79 
68 
78 
60 

75 
66 
21 
47 
87 
57 
49 

51 
28 

32 

47 
68 
56 
58 

86.0 
76.3 

82.5 
63.5 
93.0 
90.3 
88.8 
88.3 
84.3 
81.6 
78.0 

82.3 
79.3 
79.0 
94.5 
93.8 
79.5 
93.8 
89.3 

88.3 
90.5 
79.3 
69.0 
95.0 
86.8 
85.5 

82.8 
78.3 

66.0 
83.0 
90.5 
85.3 
85.8 

22 

46 

30 
50 
6 

10 
14 
15 
27 
34 
43 

33 

38 

40 

3 

4 

36 

4 

.  12 

15 

A 

47 

2 

20 

24 

29 
42 

49 
28 
8 
26 
23 
24 
34 
18 

36 
46 
21 
11 

1 
12 
30 

7 

16 
19 
44 
30 
40 
50 
48 

37.3 
32.6 

33.6 
19.7 
37.1 
28.8 
25.5 
25.6 
24.5 
23.6 
23.9 

27.1 
30.1 
24.3 
24.2 
26.9 
23.4 
27.4 
29.6 

32.1 
29.5 
27.5 
23.1 
27.4 
21.9 
23.0 

27.0 
27.6 

21.2 
21.7 
25.1 
22.0 
23.9 
26.7 
24.8 
26.7 

22.4 
22.6 
21.5 
25.3 
28.3 
33.9 
25.2 
21.6 
21.9 
21.3 
22.4 
20.3 
21.6 
15.7 
10.5 

47.3 
39.1 

43.1 
41.0 
29.4 
34.2 
32.7 
30.9 
36.7 
36.5 
41.2 

32.1 
33.0 
31.8 
35.8 
30.9 
37.5 
28.4 
28.4 

27.5 
27.7 
28.0 
36.5 
32.0 
37.6 
31.9 

33.1 
29.4 

39.1 
32.3 
29.0 
34.0 
33.8 
30.3 
32.8 
31.6 

31.6 
32.9 
31.7 
27.3 
26.6 
28.8 
28.7 
25.3 
25.6 
30.6 
28.4 
32.7 
27.6 
28.2 
30.5 

41.8 
40.1 

32.7 
40.0 
39.9 
36.4 
45.1 
44.9 
42.0 
37.6 
36.0 

40.2 
37.2 
44.3 
39.5 

7.4 
5.9 

6.5 
15.2 
6.2 
12.7 
5.7 
7.9 
6.1 
11.4 
6.9 

8.3 
6.9 
6.7 
6  4 

33  5 

MInard 

6690 

63 

617     96 
491     36 
123    100 
133  1  92 

53  ,  95 
132  !  92 

29  4 

Padui  X  Beloglina-Buflum 

(C.I.  5545) 

Eureka  X  Turkey 

29.0 
29  0 

Kanred  X  Minhardi . 

8040 

28.2 

Do 

27  5 

Turkey  X  Minessa        .  .  .  . 

27.3 

Kanred  X  Minhardi 

8044 

27.3 

Turkey  X  Minessa 

54     88 

100 

27  3 

Beloglinn-BufTum               

5545 

i  75 

98 
92 

97 
100 
100 

too 

100 
95 

100 
99 

96 
98 
98 
96 
100 
100 
100 

97 
97 

72 
100 

98 
100 

98 
100 
100 

97 

98 
98 

100 
97 
98 

100 
99 

100 
97 

100 
98 

100 
93 
92 
92 

27.0 

Turkey  X  Odessa  (C.  I.  3687). 
Minturki    X    Beloglina-Buf- 

fum  (C.  I.  5546) 

Turkey  X  Odess?  (C.  I.  3687) 
Minessa  X  Eureka 

518 

160 
197 
492 

73 

82 
85 

27.0 

28.9 
28.8 
28  8 

Kanred  X  Minhardi     

125     97 

!  96 

495  ;  55 

76  1  97 
78     98 

151  i  82 

77  98 
190  I  98 
616     33 
127     93 
168     90 

93 

162     83 
68     88 

615  1  60 
75  i  85 

28.6 

Minhardi 

5149 

42.4     5.8 
39. 3     5. 8 

44. 1  5.  7 
42. 3     6. 6 

38.2  7.1 
40.  7     6. 3 
41. 7     7. 3 
35. 7     0  1 

28  5 

Kanred  X  Minhardi 

26  6 

Eureka  X  Minhardi 

8036 

28  4 

Do 

28  2 

Kanred  X  Beloglina-Buflum 
(C   I  5545) 

26  2 

Eureka  X  Minhardi 

26  1 

Turkey  X  Odessa  (C.  I.  3687). 
Minhardi  X  Minturki      



26.1 
26. 1 

Kanred  X  Minhardi 

8042 
8048 
5548 

8033 
8029 

38.1 

6.3 

26.0 

Minhardi  X  Minturki 

Beloglina-Buffum                 .  . 

37.4 
41.3 

32.6 
40.7 

36.3 
36.1 
41.2 
42.3 
35.7 
40.7 
38.4 
.38.4 

37.8 
38.5 
40.4 
40.8 
34.2 
27.9 
32.3 
37.0 
33.4 
33.9 
33.3 
31.4 
29.8 
34.4 
25.8 

6.9 

7.4 

10.7 
5.9 

6.5 
12.5 
7, 1 
4.0 
8.2 
3.0 
4.6 
4.2 

8.2 
3.9 
3.8 
3.0 
5.5 
3.3 
6.4 
6.8 
9.6 
4.4 
3.2 
2.3 
6.1 
2.0 
3.4 

28.0 
25.9 

Minturki    X    Beloglina-Buf- 
fum (C.  I.  5546) 

Minturki  X  Turkey         .  - 

25.9 
25  9 

Minturki    X    Beloglina-Buf- 
fum (C.  I.  5546) 

Minhardi  X  Eureka 

25.8 
25  7 

Minessa 

6154 

Qfi 

25.6 

Kanred  X  Minhardi 

128 
131 
130 
186 
148 

163 

'126' 
147 
128 
136 
167 
44 
115 

85 
87 
88 
97 
93 

65 
77 
88 

100 
96 

100 
80 
93 
92 
88 
73 
95 
86 
63 
43 

25  6 

Do 

8043 

25.4 

Do - 

54     85. 5 

25.2 

Turkey  X  Odessa  (C.  I.  3687). 
Kanred  X  Odessa  (C.  I.  6161). 
Kanred  X  Beloglina-Buflum 
(C.  I.  5545)                      

29 

61 

65 
50 
58 
62 
88 
57 
51 
72 
64 
60 
36 
35 
37 
14 
32 

81.5 
87.8 

79.5 
73.8 
86.5 
89.8 
95.3 
89.3 
82.5 
91.3 
88.3 
87.0 
76.8 
82.5 
79.0 
63.5 
66.8 

25.2 
25.0 

25  0 

Turkey  selection 

6152 


24.6 

Karwed  X  Minhardi 

24.4 

Kanred  X  Odessa  (C.  I.  6151). 

Kanred  X  Minhardi 

Kanred  X  Minessa 

Minhardi  X  Minturki 

Turkey  X  Minessa 

"8031" 
8045 
8034 
8028 

24.1 
23.7 
23.6 
23.2 
22.7 

Kanred  X  Buflum  No.  17 

Buffum  No  17        .         - 

8030 
3330 
6151 
3687 
6155 
5146 
1658 

22.6 
22.6 

Odessa 

21.8 

Do 

21.7 

Minturki 

21.3 

Kanred 

20.1 

Turkey 

17.6 

according 


to  average 


vield 


The  varieties  and  strains  are  ranked 
per  acre  in  bushels.  Turkey  X  Minessa  (nursery  No.  485)  ranked 
first,  followed  by  Minard  (C.  I.  No.  6690).  Minard  is  a  production  of 
the  Minnesota  Agricultural  Experiment  Station.  A  total  of  13 
hybrid  strains  ranked  higher  in  average  yield  than  Minhardi.  All  of 
the  hybrid  strains  grown  show  average  yields  higher  than  Turkey 
(C.  I.  No.  1558),  Kanred,  Minturki,  Odessa,  and  Buflum  No.  17  parents. 
The  consistent  high  yield  of  Minhardi  is  hard  to  explain,  since  some 
years  previous  this  variety  was  grown  in  plot  tests  at  Moccasin  and 
discarded  because  of  low  yield.  Since  it  has  been  included  in  the 
nursery  tests  it  has  yielded  well. 
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A  comparison  of  the  data  in  Tables  14  and  15  brings  out  the  fact 
that  winter  conditions  at  Dickinson,  N.  Dak.,  are  much  more  severe 
than  at  Moccasin,  Mont.  For  this  reason  strains  such  as  Minturki 
X  BelogHna-BufFum  (C.  I.  No.  5546)  (C.  I.  No.  8033),  Minhardi  X 
Minturki  (C.  I.  No.  8034),  Kanred  X  Buffum  No.  17  (C.  I.  No.  8030), 
and  Turkey  X  Minessa  (C.  I.  No.  8028),  which  are  known  to  possess 
considerable  winter  hardiness,  ranked  well  for  yield  at  Dickinson,  but 
at  Moccasin  they  were  surpassed  by  strains  having  less  hardiness  but 
greater  yielding  ability.  It  would  seem,  however,  that  h3^brid  strains 
are  available  which  have  greater  winter  hardiness  and  yielding  ability 
than  commercial  varieties  now  grown. 

TESTS  IN  KANSAS  AND  NEBRASKA 

In  the  fall  of  1925,  17  of  the  hybrid  strains  that  appeared  promising 
in  the  nurseries  at  Dickinson,  N.  Dak.,  and  Moccasin,  Mont.,  were 
selected  for  testing  in  Kansas  and  Nebraska.  These  strains  were 
grown  at  Manhattan  and  Hays,  Kans.,  and  at  North  Platte,  Nebr., 
during  the  season  of  1925-26.  The  material  was  grown  in  single  rows 
replicated  three  times. 

Table  16  presents  a  brief  summary  of  the  data  obtained  with  these 
strains  and  with  Kanred  at  the  three  stations.  In  no  case  was  there 
any  winterkilling.  At  Manhattan  a  late  frost  in  March,  after  the 
wheat  had  made  some  spring  growth,  caused  slight  injury  in  a  few 
of  the  strains.  In  no  case  was  any  strain  injured  more  than  Kanred, 
and  in  most  cases  less. 

Table  16. — Summary  of  data  obtained  with  17  winter-wheat  hybrid  strains  grown 
at  Manhattan  and  Hays,  Kans.,  and  at  North  Platte,  Nebr.,  1925-26 


Name  of  variety  or    C.I. 
cross  No. 


Kanred  (checks) 

Kanred  X  Min- 
hardi  

Turkey  X  Odessa. . 

Turkey  X  Minessa. 

Minhardi  X  Min- 
turki.  

Eureka  X  Min- 
hardi  

Kanred     X     Min- 


Kanred     X     Min- 
hardi  

Do 

Do 

Do 

Minhardi  X  Min- 
turki  

Kanred     X     Min- 
hardi.  

Kanred     X     Min- 
turki  

Kanred     X     Min- 
hardi  

Do... 

Turkey  X  Minessa. 

Beloglina  -  Buffum 

X  Odessa 


6146 


8050 
8029 


8047 


8045 

8044 
8043 
8037 
8040 


8042 
8046 


8041 
8035 


8049 


At  Manhattan     Yield  in  bushels  per  acre 


Frost 
injury 

in 
March 


Per  cent 
10 

0 
10 
5 

6 

0 

10 

10 
10 
0 
0 

5 

0 

10 

0 
0 
5 


Date 
of  first 
heads 


May  21 

May  22 
May  24 
—do 

May  23 

...do 

-do 

May  19 

May  20 

May  21 

May  24 

May  23 

...do 

May  22 

...do 

May  23 
May  26 

...do 


Man- 
hat- 
tan 


30.0 

37.6 
30.6 
34.6 

27.6 

27.6 

25.4 

28.1 
27.6 
27.1 
25.3 

26.3 

29.0 

25.3 

25.6 
26.2 
19.6 

17.1 


Hays 


23.7 

13.9 
16.6 
12.6 

15.8 

15.5 

17.6 

17.4 
18.8 
16.6 
14.9 

16.2 

13.6 

19.3 

16.1 
12.0 
7.6 

8.7 


Ne- 
bras- 
ka 

North 
Platte 


Aver- 


27.9 

25.1 
26.1 
24.8 

28.4 

27.6- 

27.3 

24.2 
23.0 
24.9 
28.5 

26.8 

25.2 

23.3 

23.9 
26.1 
23.1 

24.3 


27.2 

26.6 
24.4 
24.0 

23.9 

23.6 

23.4 

23.2 
23.1 
22.9 
22.9 

22.8 

22.6 

22.6 

21.8 
21.4 
16.8 

16.7 


Remarks  on  strains  at- 


Hays 


Promising 

Too  late 

Promising 

Too  late 

Promising 

Hurt  some.. 

Hurt  some.. 

Hurt 

Promising 

....do 

Worthless... 
Too  late  .... 

....do 


Manhattan 


Good,  very  hard. 
Good  vigor. 
Good. 

Late. 

Dark,  hard. 


Good,  very  hard. 

Do. 
Good. 


Hard. 
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The  strains  are  arranged  in  the  order  of  the  average  yield  at  the 
three  stations.  Kanred,  which  was  used  as  a  check,  produced  the 
highest  average  yield.  At  Manhattan  3  of  the  17  strains  yielded 
more  than  Kanred.  At  Hays  there  were  no  strains  which  equaled 
Kanred,  whereas  at  North  Platte  there  were  2  strains  which  yielded 
slightly  more  than  the  checks.  While  these  data  are  based  on  the 
results  of  only  one  year  from  replicated  single  rows,  it  would  indicate 
that  none  of  the  new  hybrid  strains  is  any  better  than  Kanred  for 
yield  under  the  conditions  in  Kansas  and  Nebraska. 

DATE    OP    MATURITY 

Table  16  presents  dates  of  heading  for  each  of  the  17  hybrid  strains 
grown  at  Manhattan  in  comparison  with  Kanred.  Only  3  of  the 
hybrids  headed  as  early  as  or  earlier  than  Kanred,  whereas  some 
strains  headed  as  much  as  five  days  later.  At  Hays,  Kans.,  all  of  the 
strains  were  so  late  that  they  were  all  discarded  after  the  first-year 
test.  At  North  Platte  the  differences  in  date  of  heading  were  not  so 
marked. 

For  successful  growing  in  Kansas  a  variety  must  not  be  later  in 
maturity  than  Kanred,  and  it  w^ould  be  desirable  to  have  varieties  a 
few  days  earlier  than  Kanred.  Under  the  conditions  in  Montana  and 
North  Dakota,  earliness  is  not  so  important,  and  little  attempt  was 
made  to  obtain  earliness.  By  growing  the  material  under  severe 
winter  conditions  the  less  hardy  strains  were  eliminated,  and  by  grow- 
ing the  hardier  lines  in  the  southern  part  of  the  hard  red  winter-wheat 
area  it  appears  that  most  of  the  early  strains  had  been  eliminated. 
From  the  results  obtained  and  from  general  observations  it  appears 
that  the  strains  which  are  hardiest  are  also  late  in  maturing.  It  would 
seem  that  for  the  material  herein  reviewed  lateness  and  winter  hardi- 
ness usually  are  associated. 

UNIFORM  WINTER-HARDINESS  NURSERIES 

Eight  of  the  more  promising  hybrids  were  selected  to  be  included  in 
the  uniform  winter-hardiness  nurseries,  w^hich  are  grown  at  experi- 
ment stations  in  the  northern  part  of  the  United  States  and  in  Canada. 

WINTER   HARDINESS 

Table  17  presents  the  winter-survival  data  obtained  for  these  hybrids 
in  comparison  with  several  standard  varieties.  The  average  survival 
recorded  in  each  year  for  a  vanety  is  based  on  reports  from  stations 
where  partial  killing  occurred.  Data  from  stations  reporting  either 
no  survival  or  no  lulling  were  not  used.  In  1926,  18  stations 
reported  partial  killing;  in  1927,  21  stations;  and  in  1928,  20  stations. 
The  table  shows  the  weighted  average  for  the  years  grown  and  the 
percentage  of  survival  in  comparison  with  Kharkof.  The  varieties 
and  strains  are  presented  in  the  order  of  their  percentage  survival  in 
terms  of  Kharkof.  It  is  seen  from  these  data  that  none  of  the  new 
hybrid  strains  has  as  much  hardiness  as  Buffum  No.  17  and  Minhardi. 
All  of  the  hybrid  strains  are  distinctly  hardier  than  Kanred  and 
KLarkof.  The  hardiest  hybrid  strains  are  Kanred  X  Buffum  No.  17 
(C.  I.  No.  8030),  Turkey  X  Minessa  (C.  I.  No.  8028),  and  Minturki  X 
BeloglinarBuffum   (C.  I.  No.  8033).     Kanred    X    Minhardi   (C.  I. 
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No.  8031),  which  showed  so  well  at  Moccasin  and  Dickinson,  ranked 
a  little  lower. 

Table  17 .—Percentage  of  winter  survival  of  winter-wheat  hybrids  and  some  standard 
varieties  grown  in  the  uniform  winter-hardiness  nurseries,  1926-1928 


C.I. 

No. 

Survival 

Station 
years 

Survi- 

Name of  cross  or  variety 

In  1926, 

at  18 
stations 

In  1927, 

at  21 
stations 

In  1928, 

at  20 
stations 

Aver- 
(weight- 

Khar- 
kof, 
same 
years 

val  in 

terms  of 

Khar- 

kof 

Buff um  No.  17 

3330 
5149 
8030 
8028 
8033 
8036 
6165 
8031 
8034 
1543 
8047 
8040 
5146 
1442 

Per  cent 
69.7 
70.4 
70.4 
70.5 
67.8 

""m.i 

68.7 
67.6 
64.9 

'"52.T 
56.7 

Per  cent 
11.  b 
71.5 
69.4 
67.3 
69.8 
67.0 
67.1 
64.7 
65.3 
65.8 
67.0 
66.6 
61.2 
59.1 

Per  cent 
64.5 
59.6 
60.2 
58.2 
67.8 
67.2 
68.8 
66.8 
62.8 
51.4 

"■i5.'8" 
42.8 

Per  cent 
68.6 
67.1 
66.6 
65.2 
65.1 
62.2 
64.0 
62.9 
61.8 
60.6 
67.0 
66.6 
53.3 
52.8 

Per  cent 
62.8 
62.8 
52.8 
52.8 
52.8 
51.1 
62.8 
52.8 
52.8 
52.8 
59.1 
59.1 
52.8 
52.8 

Num- 
ber 
59 
59 
59 
59 
59 
41 
59 
59 
69 
69 
21 
21 
59 
59 

Per  cent 
129.9 
127.1 
126  1 

Minhardi     ..  . 

Kanred  X  Buffum  No.  17 

Turkey  X  Minessa 

123  6 

Minturki  X  Beloglina-Buffum 

123.3 
121  7 

Eureka  X  Minhardi     . 

Minturki 

Kanred  X  Minhardi 

119  1 

Minhardi  X  Minturki 

117  0 

Beloglina 

114.8 
113  4 

Minhardi  X  Minturki 

Kanred  X  Minhardi 

112  7 

Kanred 

100.9 
100.0 

Kharkof... 

Several  of  the  cooperators  who  grow  the  uniform  winter-hardiness 
nurseries  have  been  harvesting  the  varieties  and  strains  and  deter- 
mining yields.  In  these  nurseries  the  strains  are  grown  in  single  rows 
replicated  three  times.  This  does  not  make  possible  the  elimination 
of  border  effect  or  competition  between  varieties.  This  is  of  con- 
siderable importance  in  winter  wheat  where  strains  are  winterkilled 
in  varying  percentages.  The  strains  in  the  nurseries  are  so  arranged, 
however,  that  the  hardier  varieties  are  grown  side  by  side,  which 
would  tend  to  reduce  the  competition. 

Table  18  presents  the  yield  data  for  the  hybrid  strains  and  six 
standard  varieties  grown  in  the  winter-hardiness  nurseries  in  1926, 
1927,  and  1928.  Yields  were  reported  from  14  stations  in  1926, 
from  18  stations  in  1927,  and  from  12  stations  in  1928.  The  varieties 
are  arranged  in  the  table  in  the  order  of  their  percentage  of  yield  as 
compared  with  Kharkof.  The  strain  producing  the  highest  yield 
was  Minhardi  X  Minturki  (C.  I.  No.  8034),  followed  by  Minturki  X 
Beloglina-Buffum  (C.  I.  No.  8033).  Minturki  showed  the  highest 
yield  of  the  standard  varieties.  Minhardi  produced  the  lowest  yield 
of  all  the  varieties  and  strains  shown. 

From  the  data  presented  in  Tables  17  and  18  it  would  seem  that 
some  of  the  new  hybrid  strains  have  winter  hardiness  approximating 
that  of  Minhardi  and  Buffum  No.  17,  and  in  addition  have  the  ability 
to  yield  very  much  more.  The  new  hybrid  strains  also  have  at 
least  equal  quality  with  the  leading  hard  red  winter  varieties.  During 
the  testing,  all  strains  with  grain  which  was  soft  or  appeared  to  be 
inferior  to  that  of  the  hard  parents  have  been  discarded,  and  the 
appearance  of  the  grain  from  the  new  strains  has  been  very  good 
when  grown  where  they  are  fairly  Veil  adapted.  This  would  indicate 
that  the  desired  combination  of  winter  hardiness,  yield,  and  quahty 
apparently  has  been  obtained. 
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Table  18. —  Yield  of  winter-wheat  hybrids  and  some  standard  varieties  grown  in  the 
uniform  winter-hardiness  nurseries,  1926-1928 


C.I. 
No. 

Yield  per  acre 

Sta- 
tion 
years 

Yield 

in 
terms 

of 
Kharkof 

Name  of  cross  or  variety 

In 

1926, 
at  14 
Sta- 
tions 

In 
1927, 
at  18 

sta- 
tions 

In 
1928, 
^tl2 

sta- 
tions 

Aver- 

(weight- 

Kharkof, 
same 
years 

Minhardl  X  Minturki 

8034 
8033 
6155 
8047 
5146 
8036 
1442 
1543 
8028 
8030 
8040 
3330 
8031 
5149 

Bushels 
40.0 
39.5 
40.1 

""33^8" 


36.8 
35.2 
38.1 
35.1 

33.5 
32.1 

Bushels 
34.2 
33.6 
31.2 
32.2 
34.2 
30.7 
30.9 
31.9 
30.6 
30.4 
28.7 
25.8 
25.6 
24.4 

Bushels 
34.8 
35.3 
35.2 

"■32.T 
32.7 
30.0 
28.8 
27.5 
30.7 

"'si.'s' 

25.2 
26.6 

Bushels 
36.2 
35.9 
35.1 
32.2 
33.6 
31.5 
32.5 
32.1 
32.1 
32.0 
28.7 
28.5 
28.0 
27.5 

Bushels 
32.5 
32.5 
32.5 
30.9 
32.5 
30.5 
32.5 
32.5 
32.5 
32.5 
30.9 
32.5 
32.5 
32.5 

Number 
44 
44 
44 
18 
44 
30 
44 
44 
44 
44 
18 
44 
44 
44 

Percent 
11L4 

Minturki  X  Beloglina-Buflum 

Minturki 

110.5 
108.0 

Minhardi  X  Minturki 

104.2 

Kaured                              

103.4 

Eureka  X  Minhardi 

103.3 

Kharkof     

100.0 

Beloglina                                      

98.8 

Turkev  X  Minessa 

96.8 

Kanred  X  Buffum  No.  17 

98.5 

Kanred  X  Minhardi 

92.9 

BulTum  No.  17 

87.7 

Kanred  X  Minhardi 

86.2 

Minhardi 

84.6 

PLOT  EXPERIMENTS 

In  the  fall  of  1927  several  of  the  more  outstanding  strains  were 
increased  to  plot  experiments  at  Dicldnson,  N.  Dak.,  and  Havre  and 
Moccasin,  Mont.  At  Dickinson  four  hybrid  strains  were  grown  in 
single  Yio-SiCTe  plots.  At  Havre  three  strains  were  grown  in  dupHcate 
Ko-acre  plots,  and  at  Moccasin  the  four  strains  were  grown  in  dup- 
licate Yio-acre  plots.  Although  none  of  these  tests  have  run  long 
enough  or  on  a  scale  extensive  enough,  they  give  some  indication  of  the 
behavior  of  the  new  strains  in  comparison  with  standard  varieties. 

The  winter-survival  and  yield  results  from  Dicldnson,  N.  Dak., 
are  presented  in  Table  19.  At  this  station  the  new  hybrids  produced 
yields  better  than  Minhardi,  but  were  outyielded  by  Turkey,  Min- 
turki, and  Beloglina.  The  survival  figures  show  the  hybrids  to  be 
hardier  than  Minhardi. 

Table  19. — Yield  and  percentage  of  winter  survival  of  some  hybrid  strains  and  parent 
varieties  grown  in  single  plots  at  Dickinson,  N.  Dak.,  1928 


Name  of  cross  or  variety 

C.I. 
No. 

Sur- 
vival 

Yield 
per  acre 

Name  of  cross  or  vM-iety 

C.I. 
No. 

Sur- 
vival 

Yield 
per  acre 

Turkey      ... 

1571 
6155 
1543 
8030 
1583 

8033 

Per  cent 
76 

77 
75 
81 
78 

82 

Bushels 
33.8 
31.5 
28.0 
26.6 
25.0 

24.8 

Turkey  X  Minessa_ 

8028 
5146 
3330 
8034 
5149 

Per  cent 

78 
80 
83 
87 
76 

BusheU 
22.3 

22.1 

Beloglina 

Buffum  No.  17      

22.1 

Kanred  X  Buffum  No.  17.. 
Kharkof 

Minhardi  X  MinturkL 

Minhardi 

21.7 
21.3 

MinturkiXBeloglina- 
BufTum 

In  the  Havre,  Mont.,  experiment,  shown  in  Table  20,  the  hybrid 
strains  were  outyielded  by  ^fontana  No.  36  and  Newturk,  while 
Turkey  X  Minessa  (C.  I.  No.  8028)  yielded  slightly  more  than  Kar- 
mont.  The  three  strains  in  this  test  are  probably  among  the  hardiest 
of  the  hybrid  lines  now  available. 
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Table  20. — Average  yield  of  some  hybrid  strains  and  standard  varieties  grown  in 
plot  tests  at  Havre,  Mont.,  1927-28  i 


Name  of  cross  or  variety 

C.I. 

Nk). 

Average 
yield 

Name  of  cross  or  variety 

C.I. 
No. 

Aver- 
age 
yield 

Montana  No.  36- _ 

5549 
6935 
8028 

Bushels 
42.9 
41.2 
38.4 

6700 
8030 
8031 

Bushels 
37.8 

Newturk..  .  . 

TTanrfld  X  ■Rnffiirn  No,  17 

34.4 

Turkey  X  Minessa 

Kanred  X  Minhard  j_  . .  _ 

33.7 

»  Data  from  M.  A.  Bell. 

At  Moccasin,  Mont.,  the  new  hybrids  were  rather  outstanding  in 
winter  survival  and  yield,  as  shown  in  Table  21.  Three  of  the  hybrids 
greatly  outyielded  the  standard  varieties  and  made  fair  yields,  whereas 
in  most  cases  the  standard  varieties  were  nearly  a  failure.  The 
survivals  of  the  hybrid  strains  were  very  encouraging  and  indicate 
that  progress  has  been  made.  Minturki  X  Beloglina-Buffum  (C.  I. 
No.  8033),  which  gave  the  highest  yield,  has  also  been  found  to  be 
very  resistant  to  bunt  or  stinking  smut  under  conditions  at  Moccasin. 

Milling  and  baking  experiments  (conducted  in  cooperation  with  the 
grain  division  of  the  Bureau  of  Agricultural  Economics)  have  been 
made  on  the  samples,  and  the  data  on  protein  content,  flour  yield, 
and  loaf  volume  are  shown  in  Table  21.  These  data  indicate  that 
the  quality  of  the  new  hybrid  selections  compares  favorably  with 
that  of  Kharkof,  Karmont,  and  Newturk,  the  principal  commercial 
varieties  of  winter  wheat  grown  in  the  Judith  Basin  section  of 
Montana. 


Table  21. — Average  yield  per  acre,  percentage  of  winter  survival,  and  quality 
data  ^  of  some  hybrid  strains  and  standard  varieties  of  wheat  grown  in  plot  tests  at 
Moccasin,  Mont.,  1928 


C.I. 

No. 

Sur- 
vival 

Yield 

Quality 

Name  of  cross  or  variety 

Protein 
content 

Flour 
yield 

Loaf 
vohime 

Minturki  X  Beloglina-Buffum  (C.  I.  No.  5546) 

8033 
8040 
8036 
8045 
6935 
1583 
6700 

Per  cent 
75 
88 
88 
55 
10 
9 
10 

Bushels 

18.6 

13.3 

11.9 

7.1 

3.6 

1.8 

1.6 

Per  cent 
15.0 
15.4 
15.3 
16.5 
16.9 
17.4 
17.7 

Per  cent 
72.1 
69.6 
71.3 
67.7 
69.5 
65.7 
66.5 

C.c. 
2,210 

Kanred  X  Minhardi 

2,290 

Eureka  X  Minhardi 

2,080 

Kanred  X  Minessa           ....         

2,230 

Newturk 

2,200 

Kharkof 

2,120 

Karmont 

2,360 

1  The  crude-protein  and  milling  and  baking  results  were  obtained  in  cooperation  with  the  research  and 
milling  and  baking  laboratories,  grain  division,  Bureau  of  Agricultural  Economics. 

SUMMARY 

The  hard  red  winter  wheats,  which  now  occupy  about  41  per  cent 
of  the  total  wheat  acreage  of  the  United  States,  are  limited  in  their 
northward  expansion  chiefly  by  winterkilling.  Winter  wheat  is 
more  productive  than  spring  wheat  if  the  former  is  not  injured 
during  the  winter. 

As  a  class,  the  hard  red  winter  wheats  are  fairly  winter  hardy,  but 
not  hardy  enough  to  be  grown  in  the  northern  portion  of  the  Great 


BREEDING  WHEATS   FOR   HARDINESS  AND   HIGH   YIELD  27 

Plains  area.  The  use  of  various  cultural  practices,  such  as  mulching 
with'straw  or  seeding  in  furrows  or  in  stubble,  offers  a  partial  solution 
of  the  problem  of  winterkilling. 

In  order  to  develop  hardier,  high-quality,  and  high-yielding  wheats, 
numerous  crosses  were  made  between  hardy  soft  wheats  (like  Min- 
hardi,  BufFum  No.  17,  and  Odessa)  and  high-quality  hard  wheats, 
such  as  Turkey,  Kanred,  and  Kharkof. 

Because  of  the  difficulty  of  studying  winter  hardiness  in  the  field, 
the  plan  used  was  to  grow  the  hybrid  material  at  several  northern 
stations  over  a  period  of  years.  The  material  was  grown  at  11 
stations  during  the  period  from  1920  to  1928,  a  total  of  26,085  nursery 
plantings  being  made. 

An  attempt  was  made  to  study  the  inheritance  of  winter  hardiness. 
It  was  shown  that  hardiness  is  inherited,  but  the  character  proved 
to  be  very  complex  and  probably  is  controlled  by  many  genetic  factors 
which  may  be  overshadowed  by  environmental  factors. 

Laboratory  methods  are  being  developed  for  studying  inheritance 
and  testing  the  cold  resistance  of  parents  and  hybrids  under  con- 
trolled conditions. 

The  Fi  plants  of  about  45  crosses  were  grown  at  Manhattan, 
Kans.,  and  Chico,  Calif.,  in  1919-20.  The  F2  generation  was  grown 
at  Manhattan  in  1920-21  and  was  only  slightly  killed.  The  F3  gen- 
eration material  grown  at  Dickinson,  N.  Dak.,  was  seeded  both  on 
fallow  and  on  stubble  ground.  Much  more  of  the  material  on  fallow 
than  of  that  on  stubble  ground  was  killed. 

Selections  from  the  surviving  F3  rows  at  Dickinson  were  continued 
into  the  F4  at  Dickinson,  in  1922-23,  where  partial  killing  again 
occurred,  the  combinations  from  the  hardiest  parents  in  general 
showing  the  best  survivals. 

Selections  made  in  the  F4  generation  were  continued  in  the  F5  at 
Fargo,  N.  Dak.,  where  killing  was  severe,  and  at  Dickinson,  N.  Dak., 
where  there  was  only  about  50  per  cent  killing. 

In  addition  to  the  material  grown  and  selected  each  year,  all 
crosses  were  grown  in  bulk  at  Moccasin,  Mont.,  from  1922  to  1925, 
inclusive.  Yields  and  winter  survivals  were  recorded  on  this  material. 
Head  selections  were  then  made  in  the  most  promising  of  these 
crosses. 

The  most  promising  Fs  head  rows  at  Dickinson,  N.  Dak.,  in  1924, 
which  appeared  homozygous  for  botanical  characters,  were  placed 
in  nursery  experiments  at  Dickinson,  N.  Dak.,  and  Moccasin,  Mont. 
In  these  experiments  many  hybjid  selections  were  discarded  on  the 
basis  of  lack  of  winter  hardiness,  yield,  and  quality. 

In  the  fall  of  1925  several  hybrid  strains  which  appeared  promising 
were  included  in  the  uniform  winter-hardiness  nurseries,  which  are 
seeded  at  28  stations  in  the  northern  United  States  and  in  Canada. 

From  the  results  obtained  in  the  nursery  experiments  at  Dickinson, 
N.  Dak.,  and  Moccasin,  Mont.,  covering  four  years  and  from  the 
experirnents  in  the  uniform  winter-hardiness  nurseries  covering  three 
years,  it  is  concluded  that  strains  have  been  developed  which  are 
approximately  as  hardy  as  the  hardy  soft  red  winter  wheats,  Minhardi, 
Buffum  No.  17,  and  Odessa,  in  addition  to  possessing  the  ability  to 
outyield  these  varieties  and  also  the  hard  red  winter  wheats,  Turkey, 
Kanred,  and  Minturki,  in  Montana  and  North  Dakota. 
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-The  best  of  these  hybrid  strains  when  tested  in  Kansas  and 
Nebraska  were  found  to  be  too  late  in  maturity  and  therefore  of 
little  value  for  the  central  and  southern  sections  of  the  Great  Plains 
area.  This  seems  to  indicate  that  the  characters  of  winter  hardiness 
and  late  maturity  are  associated. 

The  most  promising  strains  have  been  increased  to  plot  experiments 
at  Dickinson,  N.  Dak.,  and  at  Havre  and  Moccasin,  Mont.  From 
one  year's  results  they  appear  to  have  promise  for  winter  hardiness, 
high  yield,  and  good  milling  and  baking  qualities. 
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INTRODUCTION 

The  investigations  of  Pyrausta  nuhUalis  Hbn.  which  have  been 
carried  on  in  central  Europe  by  the  United  States  Department  of 
Agriculture,  and  which  have  now  covered  a  4-year  period  (from  1924 
to  1927,  inclusive),  were  founded  upon  two  demands  for  iniformation. 
The  first  arose  from  the  realization  that  certain  specific  problems  con- 
cerning the  seasonal  history  and  habits  of  this  insect  could  not  be 
solved  and  the  proper  conclusions  drawn  by  the  use  of  data  obtained 
solely  from  research  experiments  in  the  new  home  of  the  insect,  where 


>  The  writers  take  this  opportunity  to  thank  the  various  European  entomologists,  agriculturists,  and 
officials  of  the  ministries  of  agriculture  who  have  personally  assisted  in  making  these  investigations  pos- 
sible. The  interest  and  active  cooperation  of  Drs.  Karl  Escherich  and  Hermann  Eidmann,  Dr.  Alexander 
Ogloblin,  Dr.  Jo.seph  Jablonowski,  Dr.  W.  Knechtel,  and  Dr.  Constantin  Lsaakides  in  assisting  the  writers 
in  their  investigations  in  Germany,  Czechoslovakia,  Hungary,  Rumania,  and  Greece,  respectively,  are 
deeply  appreciated.  For  the  excellent  information  obtained  from  the  province  of  Baden,  in  Germany, 
and  willing  cooi)eration  with  the  senior  writer,  the  writers  are  indebted  to  Dr.  W.  Zwolfer,  in  charge  of 
corn-borer  investigations  at  the  plant-breeding  experiment  station  of  the  Baden  Agricultural  Chamber, 
located  at  Rastatt,  Baden.  The  detailed  data  supporting  statements  contained  in  the  sections  of  this 
bulletin  dealing  with  the  increase  of  infestation  ana  a  corresponding  increase  in  the  quantity  of  a  favored 
host  plant  grown,  as  well  as  the  statements  regarding  the  effectiveness  of  clean-up  as  a  means  of  control 
of  the  corn  borer,  have  been  made  available  to  the  senior  writer  through  personal  correspondence.    The 
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gradual  adaptation  to  a  new  environment  was  taking  place.  The 
second  demand  for  authentic  data  from  the  native  home  of  the  insect 
arose  from  the  immediate  necessity  for  facts  which  might  aid  in  the 
adoption  of  suitable  quarantine,  scouting,  and  control  policies. 

The  needs  for  this  information  have  been  stated,  and  the  funda- 
mental problems  in  the  study  of  the  ecology  of  the  insect  have  been 
presented,  in  two  publications  by  the  senior  writer  {1 ,  2)}  The 
habits  and  life  history  of  the  insect  have  been  discussed  thoroughly 
in  two  bulletins  issued  by  the  United  States  Department  of  Agricul- 
ture {S,  6).  In  a  more  recent  bulletin  Thompson  and  Parker  (5), 
of  the  field  laboratory  at  Hyeres,  France,  devoted  to  the  study  of  the 
corn  borer,  have,  in  a  general  treatment  of  the  insect  in  Europe, 
presented  its  relationship  to  various  environments. 

The  writers  had  intended  to  present  in  detail  the  mass  of  informa- 
tion which  has  been  collected  during  the  four  years  1924,  1925,  1926, 
and  1927,  but  it  seems  better  to  present  at  the  outset  a  brief  general 
summary  of  the  entire  project,  reserving  for  later  and  more  detailed 
discussion  the  several  phases  of  the  investigation. 

The  more  detailed  studies  discussed  in  this  publication  were  made 
principally  in  Hungary  and  northeastern  Yugoslavia,  in  the  region 
embraced  by  or  contiguous  to  the  confluence  of  the  Theiss  and  Danube 
Rivers.  Cursory  studies  were  also  conducted  in  Austria,  Germany, 
Poland,  Rumania,  Greece,  and  Bohemia  and  Slovakia  in  Czecho- 
slovakia. 

DISTRIBUTION  SURVEYS 

Since  the  project  here  discussed  includes  the  work  of  defining  the 
limits  of  distribution  of  Pyrausta  nuhilalis,  a  certain  portion  of  each 
of  the  years  1924  to  1927,  inclusive,  was  devoted  to  the  collection  of 
biological  data  bearing  upon  this  point,  from  Austria,  Germany, 
Poland,  Czechoslovakia,  Rumania,  southern  and  western  Yugoslavia, 
and  Greece.  The  results  of  the  work  done  in  each  of  these  countries 
will  be  briefly  considered.  For  the  convenience  of  the  reader  a  map 
(fig.  1)  has  been  prepared,  presenting  features  of  the  more  important 
portion  of  the  corn  belt  in  central  Europe  and  the  number  of  larvae 
per  100  plants  of  corn,  averaged  for  the  four  years  1924-1927.  The 
figures  representing  this  infestation  are  shown  under  the  names  of 
towns.  The  figures  for  Cegled,  Hatvan,  Miskolc,  Nylregyh§,za,  and 
Kalocsa  are  for  1927  only,  but  are  believed  to  represent  average 
conditions  in  these  localities.  The  shaded  portion  represents  the 
center  of  the  com  belt  and  the  center  of  infestation  by  the  corn  borer. 

senior  writer  takes  this  opportunity  to  express  his  gratitude  to  Doctor  Zwolfer  for  his  innumerable  kind- 


In  all  countries  in  which  the  writers  have  carried  on  field  observations,  had  it  not  been  for  the  assist- 
ance of  the  Foreign  Service  of  the  United  States  Department  of  State  the  efficiency  of  the  organization 
would  have  been  materially  decreased.  The  writers  again  thank  the  members  of  the  consulates  and 
legations  in  the  countries  visited  for  their  interest  and  assistance  in  the  oflScial  problems.  Particular 
credit  is  due  to  the  consular  and  legation  staffs  at  Budapest,  Hungary,  for  their  cooperation  with  the 
active  work  of  this  project,  the  headquarters  of  which  were  located  in  that  city. 

Smce  1920  the  senior  writer  has  been  in  charge  of  the  ecological  work  on  the  corn  borer  conducted  in 
the  United  States  and  Europe  by  the  Bureau  of  Entomology,  and  personally  directed  this  work  in  Europe 
in  the  years  1924  to  1927,  inclusive.  The  junior  writer  was  detailed  in  the  spring  of  1926  to  assist  in  this 
work  in  Europe,  and  through  two  consecutive  seasons  was,  under  the  direction  of  the  senior  writer,  per- 
sonally in  charge  of  the  collection  there  of  all  field  data  concerning  this  project.  Among  the  topics  that 
have  been  specially  his  are  the  data  upon  larval  survival,  infestation  of  sorghums,  and  selection  of  fields 
as  to  soil  type. 

The  writers  are  indebted  to  W.  R.  Walton,  J.  E.  Graf,  J.  A.  Hyslop,  and  S.  B.  Fracker,  who  reviewed 
the  manuscript  and  made  vahiable  suggestions  as  to  the  form  of  presentation  of  the  data  and  conclusions. 

2  Italic  numbers  in  parentheses  refer  to  * '  Literature  cited,"  p.  54. 
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Thirty  per  cent  of  the  arable  land  of  this  area  is  devoted  to  the  pro- 
duction of  corn.  The  region  between  this  area  and  the  heavy  line  to 
the  north,  west,  and  south  of  it  is  next  in  importance,  20  per  cent  of 
its  arable  land  producing  com. 

AUSTRIA 

In  1924  extensive  field  observations  were  made  in  the  district  about 
Salzburg  and  Linz,  but  no  evidence  of  the  corn  borer  was  found  there. 
In  the  vicinity  of  Graz,  in  Styria,  an  infestation  of  8.9  per  cent  was 
found  in  the  plants.  North  from  this  city,  up  the  valley  to  the  junc- 
tion of  the  rivers  Murz  and  Mur  at  Bruck,  the  infestation  gradually 


•Uzhorod 

125 

•Mukatevo 


Figure  1.— Map  of  the  more  important  portion  of  the  corn  belt  in  central  Europe.  The  numbers 
under  the  names  of  towns  indicate  the  average  local  infestation  by  the  corn  borer,  in  larvae  i)er  100 
plants  of  com.  The  shaded  area  represents  both  the  center  of  the  corn  belt  and  the  center  of  infesta- 
tion by  the  com  borer 

decreased  to  an  average  of  2.7  per  cent.  No  infestation  was  found 
at  Kapfenberg,  near  by,  where  practically  no  corn  is  grown. 
(PI.  1,  A.) 

GERMANY 

Through  the  cooperation  of  Doctors  Escherich  and  Eidmann,  of 
the  University  of  Munich,  and  Doctor  Zwolfer,  of  the  plant-breeding 
experiment  station  of  the  agricultural  chamber,  Rastatt,  Baden, 
several  regions  in  Bavaria  and  Baden  were  thoroughly  scouted.  The 
conditions  found  in  Bavaria  differ  markedly  from  those  witnessed  in 
the  com  areas  of  Baden,  the  warmest  section  of  Germany. 

In  Bavaria  the  regions  about  tlbersee,  in  southern  Bavaria,  and 
Wiirzburg  and  Bamberg,  in  northern  Bavaria,  were  scouted  and  a 
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slight  infestation  was  found  in  every  town  where  com  was  arrown. 
(PI.  2.) 

Owing  to  the  fact  that  during  the  season  of  1925  the  com  borer  did 
an  appreciable  amount  of  damage  to  graia  com  grown  on  the  fields 
of  the  Baden  experiment  station  at  Rastatt  (pi.  3,  A,  B),  a  thorough 
investigation  of  the  life  history,  habits,  and  control  of  the  insect  was 
instituted  under  the  supervision  of  Doctor  Zwolfer  in  the  spring  of 
1926. 

The  country  surrounding  the  city  of  Baden  is  a  flat  plain,  agricul- 
turally rich,  lying  at  the  foot  of  the  Black  Forest,  The  chief  produc- 
tion of  grain  com  there  began  in  1920  and  increased  rapidly  up  to 
1922,  when  the  com  borer  was  first  noticed  as  a  possible  pest.  The 
infestation  in  this  region  has  steadily  increased  up  to  the  season  of 
1927  and  it  is  feared  that  if  this  increase  continues  the  growing  of 
grain  com  will  be  seriously  handicapped.  A  survey  of  this  area, 
made  by  the  writers  in  company  with  Doctor  Zwolfer  in  1926,  showed 
average  infestations  of  60.3  per  cent  of  the  plants  and  23.1  per  cent 
of  the  ears,  and  the  presence  of  122  borers  per  100  plants. 

A  fact  of  particular  interest  in  the  conditions  at  Baden  is  that  with 
a  very  low  larval  population  severe  commercial  damage  can  be  in- 
flicted upon  the  native  Badischer  Landmais,  the  local  type  of  com. 
The  plants  are  small,  attaining  when  mature  a  height  of  from  4  to  5 
feet,  and  have  slender  stalks;  the  problem  of  control  is  thus  more 
acute  in  this  area  than  in  regions  where  a  much  more  severe  infesta- 
tion is  necessary  to  produce  damage. 

In  1927  Doctor  Zwolfer  (7)  published  an  excellent  account  of  the 
work  done  in  Baden  and  with  it  a  summary  of  the  status  of  the  borer 
in  Germany  as  a  whole.  This  paper  should  be  consulted  for  details 
on  the  status  of  the  insect  in  Germany. 

POLAND 

From  officials  and  from  reports  of  field  workers,  it  has  been  leamed 
that  there  is  no  record  of  serious  injury  from  the  corn  borer  in  Poland, 
but  that  at  the  present  time  the  insect  is  generally  distributed  in  small 
numbers  throughout  the  corn-producing  section  in  the  southeastern 
part  of  the  country.  This  region,  comprising  practically  all  of  the 
corn-growing  land  in  Poland,  lies  along  the  banks  of  the  main  branch 
of  the  Dniester  River,  extending  north  to  the  city  of  Lwow  (Lemberg). 
The  center  of  com  culture  is  at  Tarnopol,  where  annually  35.8  per 
cent  of  the  land  is  devoted  exclusively  to  this  crop.  The  percentage 
of  land  used  for  producing  corn  decreases  from  32.3  at  Stanislau  to 
5.1  at  Lwow  (Lemberg). 

RUMANIA 

With  the  cooperation  of  Doctor  Knechtel,  professor  of  applied 
zoology  in  the  University  of  Bucharest,  the  writers  have  collected 
information  from  two  distinct  corn-growing  regions  of  Rumania.  The 
first  comprises  the  Wallachian  Steppes,  represented  by  the  localities 
about  Domnita  and  Gherghi^a,  and  the  second  lies  in  Transylvania, 
Cluj  (Klausenburg)  being  the  center  of  observation. 

A  large  quantity  of  com  is  grown  in  each  area,  the  plantings  being 
more  extensive  in  the  first  than  in  the  second.     Aji  examination 
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PLATE  1 
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A.— V'alley  in  the  SemnierinK  KanKe,  near  Kapfenberp,  Austria. 

B.— Valley  of  the  Vardar  Hiver,  above  Skopleje  (Uskiib),  southern  Yugoslavia. 

C— Corn  in  the  valley  of  the  Vardar  River. 
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Plate  2 


A.— Agriculture  near  Bamberg,  Germany. 
B.— Fodder  corn,  July  17,  1926. 
C— Flint  corn,  July  17,  1926. 


Tech.  Bui.  135.  U.  S.  Dept.  of  Agriculture 


PLATE  3 
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A  ami  B.— Corn  growiuK  iu  lields  of  experimeut  staliou,  uear  Kastall,  Baden,  Germany. 
C— View  near  Larissa  and  Trikkala,  Thessaly,  Greece. 
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showed  that  3.2  per  cent  of  the  plants  were  infested  in  the  Wallachian 
region,  while  in  Transylvania  the  infestation  averaged  76.4  per  cent  of 
the  plants  and  2G.2  per  cent  of  the  ears,  and  the  larval  population 
averaged  588  borers  per  100  plants. 

In  contrast  with  the  level  stretches  of  the  Wallachian  Steppes,  the 
Transylvanian  region,  of  which  Cluj  (Klausenburg)  can  be  taken  as 
representative,  is  hilly,  with  a  slightly  moister  climate.  Drought  is  a 
normal  feature  of  the  climate  in  the  former  region,  in  1924  and  1925 
destroying  the  com  before  maturity,  whereas  in  Transylvania  such 
severe  dryness  occurs  less  frequently.  This  climatic  divergence  may 
be  the  real  explanation  of  the  difference  in  infestation  between  the 
two  regions. 

CZECHOSLOVAKIA 

Since  the  southern  portion  of  Czechoslovakia  is,  topographically 
speaking,  a  continuation  of  the  Great  and  Little  Alfolds  (plains)  of 
Hungary,  the  collection  of  data  throughout  this  region  has  been 
more  systematic  ond  detail(?d  than  it  would  have  been  if  the  object 
were  purely  one  of  determining  the  distribution  of  the  insect. 

The  com  region  in  Czechoslovakia,  represented  by  the  towns  of 
Bratislava,  Komamo,  and  Brno  (Briinn),  is  contiguous  with  the 
Little  Alfold  of  northwestern  Hungary,  and  the  district  in  which  lie 
the  towns  of  Ko§ice  (Kaschau),  U^horod,  Muka6evo,  and  Beregsas 
represents  the  northern  continuation  of  the  com  areas  of  northeastern 
Hungary. 

Both  of  these  areas  merge  into  regions  which  constitute  the  northern 
limits  of  com  growing  in  central  Europe.  The  most  northerly  point 
where  com  can  be  successfully  grown,  at  C^slav,  in  Bohemia,  was 
visited  in  1925,  and  examinations  were  made  in  the  experimental 
plats  at  the  agricultural  station  there.  Although  these  plantings 
had  been  carried  on  during  the  preceding  five  years,  no  evidence  of 
the  presence  of  the  insect  had  been  noted. 

The  infestation  in  northwestern  Czechoslovakia  is  discussed  on 
page  38.  For  details  of  the  intensity  of  infestation  in  this  country, 
see  Table  6. 

YUGOSLAVIA 

SOUTHERN  YUGOSLAVIA 

In  the  season  of  1925  the  district  surrounding  the  town  of  Skoplje 
(Usktib)  was  visited.  (PI.  1,  B,  C.)  This  town  lies  in  the  valley 
of  the  Vardar,  a  small  river  which  nearly  dries  up  in  the  summer. 
The  valley  is  about  2  miles  wide  at  this  point  and  is  surrounded  by 
high  niountains  entirely  devoid  of  trees.  The  vegetation  of  the 
valley  is  of  the  semiarid  type,  and  agriculture  there  is  chiefly  found 
along  the  banks  of  the  river,  where  all  plantings  are  irrigated.  The 
chief  crops  are  small  grains,  com,  sugar  beets,  Macedonian  tobacco, 
hemp,  and  the  opium  poppy.  Of  these,  tobacco  and  the  poppy  are 
the  most  important.  The  farm  practice  is  extremely  primitive  and 
conducted  on  a  small  scale.  During  five  months  of  the  year  the 
climate  is  characterized  by  intensely  hot  weather,  and  severe  droughts 
are  of  frequent  occurrence. 

The  infestation  by  the  com  borer  in  this  region  is  very  light. 
During  the  course  of  the  scouting  trip  only  28  larvae  were  found, 
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among  which  were  one  prepupa  and  one  newly  formed  pupa,  as 
evidence  of  smnmer  pupation.  The  actual  line  of  demarcation  be- 
tween the  one-generation  and  two-generation  areas  could  not  be 
determined  definitely,  owing  to  the  lack  of  material.  Probably, 
however,  it  lies  in  the  region  of  the  divide  between  the  valleys  of  the 
Vardar  and  Morava  Rivers. 

WESTERN  YUGOSLAVIA 

Through  the  courtesy  of  the  Royal  Yugoslav  Minister  of  Agri- 
culture, permission  was  given  an  assistant,  M.  N.  Popovitch,  to 
make  a  scouting  trip  through  the  corn-growing  areas  of  the  Dal- 
matian coast.  Extracts  from  the  report  of  the  latter  describe  the 
territory  covered  and  the  information  secured  as  follows: 

Most  of  my  observations  were  made  in  the  five  large  districts  of  southern  Dal- 
matia,  Pastrovi(5i,  Mrcevo-Polje,  Soliotsko-Polje,  Konavli,  and  2upa.  In  all 
these  districts  I  found  the  cornfields  infested  by  this  insect.  As  to  degree  of 
infestation,  that  in  Pastrovici,  Mrcevo-Polje,  and  Soliotsko-Polje  was  10  per 
cent;  in  Konavli,  5  per  cent;  and  in  Zupa,  3  per  cent. 

^  Elsewhere  in  Yugoslavia,  in  the  localities  of  Sarajevo,  U^ice, 
Cafiak,  Kraljevo,  Kru^evac,  and  Stalac,  also  visited  by  Mr.  Popo- 
vitch, either  the  presence  of  the  insect  was  not  discovered  or  the 
infestations  were  light. 

Mr.  Popovitch,  in  another  report,  discusses  the  types  of  com 
grown  in  the  areas  visited: 

Throughout  southern  Dalmatia,  Montenegro,  Bosnia,  and  Croatia  flint  corn 
is  cultivated  to  the  largest  extent.  In  Montenegro  and  in  Dalmatia  the  typical 
flint  is  Cinquantino.  Dent  corn,  known  as  "American,"  was  introduced  into 
Dalmatia  between  1905  and  1910. 

GREECE 

Through  arrangements  made  possible  by  Constantin  Isaakides, 
director  of  the  Phytopathological  Institute  at  Athens,  the  junior 
writer  in  the  summer  of  1926  made  a  scouting  trip  to  some  of  the  im- 
portant corn-growing  regions  of  Greece,  selecting  as  typical  Aliatros 
(near  Lake  Copias),  where  8,000  acres  of  corn  are  under  cultivation 
by  subirrigation,  Trikkala  (pi.  3,  C)  (center  of  Thessaly),  Karditsa 
(20  miles  from  Tril^kala),  and  Saloniki  (Macedonia). 

The  information  obtained  at  each  point  can  be  briefly  summarized. 
At  Aliatros  the  infestation  was  very  light.  On  July  24  it  was  found 
that  50  per  cent  of  the  larvae  had  pupated,  and  from  a  larva  collected 
July  26  an  adult  emerged  on  July  29.  The  insect  has  never  been 
abundant  in  this  locality.  At  Trikkala  scattered  specimens  were 
found  on  July  25,  and  pupation  was  beginning.  At  Karditsa  no 
trace  of  the  corn  borer  was  found.  Scattered  specimens  of  the  borer 
were  found  at  Saloniki. 

The  insect  seems  to  be  distributed  generally  over  the  chief  corn- 
growing  sections  of  Thessaly  and  Macedonia,  but  in  such  limited 
numbers  that  it  can  not  be  considered  an  economic  factor  in  the  grow- 
ing of  corn.  In  1926  pupation  of  the  first-generation  larvae  occurred 
in  the  latter  part  of  July  and  emergence  in  the  first  week  of  August. 
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THE  CENTRAL  EUROPEAN  PLAINS 

Owing  to  the  concentration  of  corn  in  the  central  European  plains 
and  the  similarity  of  this  region  in  climate  to  that  of  the  (Jom  Belt  of 
the  United  States  (although  less  extreme  as  to  the  heat  of  summer 
and  the  cold  of  winter),  the  chief  attention  of  the  investigators  was 
turned  to  these  plains,  drained  by  the  Danube  River  and  its  chief 
tributaries,  the  Theiss,  Maros,  Drave,  and  Save  Rivers.  This 
depression,  forming  a  part  of  the  countries  of  the  present  Czecho- 
slovakia, Hungary,  Rumania,  Yugoslavia,  and  Austria,  ranges  from 
30  to  1,300  feet  in  altitude,  for  the  most  part  averaging  from  290  to 
500  feet.  It  forms,  as  viewed  on  a  contour  map,  an  immense  elliptical 
area  bounded  on  the  west  by  the  Italian  and  Austrian  Alps,  on  the 
north  by  the  Carpathian  mountains,  on  the  east  by  the  Transylvanian 
Alps,  and  on  the  south  by  the  most  northerly  ranges  of  the  Dinaric 
Alps. 

To  discuss  a  region  so  diversified  would  require  a  paper  devoted 
principally  to  that  one  feature.  Since  this  bulletin  is  restricted  to 
the  presentation  of  data  concerning  the  status  of  the  corn  borer  in 
central  Europe,  only  a  brief  description  of  the  types  of  agriculture  in 
important  centers  and  the  chief  varieties  of  corn  grown  are  presented. 

As  Hungary  ranks  conspicuously  both  as  a  corn-producing  country 
and  as  a  center  of  infestation  by  the  corn  borer,  special  attention  will 
be  given  to  its  agricultural  practices. 

CLIMATE  OF  THE  CENTRAL  EUROPEAN  PLAINS 

The  region  which  has  been  described  is  characterized  by  a  cHmate 
which  might  be  termed  a  transition  from  that  of  the  coast  of  western 
Europe  to  the  true  continental  climate  found  in  Russia.  It  is  not 
possible,  however,  to  define  sharply  the  type  of  this  climate,  since 
the  normal  precipitation  has  features  quite  commonly  encountered 
in  a  study  of  the  type  of  climate  characterizing  the  region  about  the 
Mediterranean  Sea.  Precipitation  occurs  chiefly  with  pressure 
minima  originating  over  the  Adriatic  Sea,  and  moving  across  this 
region  in  a  northeasterly  direction. 

The  seasonal  characteristics  of  the  temperature  and  precipitation 
may  be  seen  by  referring  to  Tables  1  and  2,  in  which  are  given,  by 
intervals  of  from  one  to  three  months,  normals  for  the  area.  The 
total  normal  mean  temperature  and  the  total  normal  mean  precipi- 
tation for  the  hibernation  period  are  the  two  respective  totals  for  the 
interval  covered  by  the  months  of  October,  November,  December, 
January,  February,  and  March.  This  period,  and  the  other  periods, 
covering  from  one  to  three  months,  designated  in  the  box  heads,  were 
chosen  for  the  sake  of  separating  the  year  into  portions  suitable  for 
the  study  of  the  corn  borer  in  its  relation  to  temperature  and  precip- 
itation. The  maximum  precipitation  generally  occurs  in  May  and 
June.  The  outstanding  climatic  feature  preceding  the  appearance  of 
these  early  sunimer  rains  is  a  sharp  rise  in  temperature  in  March  and 
April.  The  rains  cease  abruptly,  with  only  occasional  showers  during 
August  and  September,  increase  again  at  the  beginning  of  winter, 
and  decrease  to  a  minimum  in  January,  February,  and  March.  The 
corn  belt  experiences  a  cold,  dry  winter,  with  sufficient  snowfall  to 
protect  winter  grains. 
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Table  1. — Normal  temperature,  for  the  portions  of  the  year  named,  at  specified 

towns  of  Hungary 


Town 


Szombathely.. 

Budapest 

Debrecen 

Nagykanizsa. . 
d 

Average 


January 
to  March 


F. 

33.4 

35.1 

31.8 

35.4 

35.2 


34.2 


April 
and  May 


F. 

63.2 

56.8 

55.0 

55.8 

57.0 


55.6 


June  to 
August 


F. 

65.8 
69.3 
58.0 
69.4 
71.1 


Septem- 
ber 


F. 

59.2 
61,5 
69.4 
60.6 
63.1 


October 
to  De- 
cember 


F. 

39.7 

41.5 

39.2 

41.7 

42.8 


41.0 


Total 
normal 
mean  for 
hiber- 
nation 
period 


F. 

251.5 

261.8 

245.6 

263.4 

266.5 


257.8 


Table  2. — Normal  precipitation,  for  the  portions  of  the  year  named,  at  specified 

towns  of  Hungary 


Town 


Szombathely- 

Budapest 

Debrecen 

Nagykanizsa.. 
d 

Average 


January 
to  March 


Inches 
1.30 


April 
and  May 


Inches 
2.56 
2.56 
2.13 
3.27 
2.32 


2.57 


June  to 
August 


Inches 
3.58 
2.28 
2.64 
3.43 
2.24 


2.83 


Septem- 
ber 


Inches 
2.68 
2.17 
1.85 
2.76 
1.77 


2.25 


October 
to  De- 
cember 


Total 
normal 
mean  for 
hiber- 
nation 
period 


Inches 
1.81 
2.17 
2.01 
2.44 
1.77 


2.04 


Inches 

9.44 
10.94 

9.92 
12.95 

9.17 


10.48 


The  warmest  month  of  the  year  is  generally  July,  although  the 
three  summer  months  differ  but  little  in  temperature.  The  coldest 
month  is  generally  February,  and  October  and  April  have  practically 
the  same  mean  temperature. 

Throughout  the  central  portion  of  the  corn  belt  there  are  strong 
winds,  the  direction  of  the  prevaiUng  wind  of  the  year  being  north- 
westerly. Northwesterly  and  westerly  winds  occur  in  the  summer, 
but  during  the  winter  the  prevailing  wind  is  from  the  southeast. 
In  the  latter  part  of  summer  it  is  not  unusual  for  the  winds  to  blow 
a  gale  for  three  or  four  days  at  a  time,  and  in  years  of  bad  infesta- 
tion by  the  corn  borer  the  breaking  of  the  plants  of  corn  by  the 
winds  has  a  distinct  influence  upon  the  resulting  damage  to  the 
crop. 

A  characteristic  of  this  area  is  sudden  thunderstorms,  accompanied 
by  high  winds  and  sometimes  by  hail,  which  are  frequent  during  June 
and  often  cause  severe  damage  to  the  crops. 


AGRICULTURE  IN  HUNGARY 


The  impression  gained  of  Hungary  as  a  whole  is  that  the  agricultural 
practice  there  is  clean  and  careful,  although  hand  labor  prevails  on  the 
majority  of  farms.  Throughout  the  northwestern  part  of  the  country 
much  of  the  land  is  planted  in  strips  about  20  yards  wide  and  100 
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yards  long,  with  a  diversification  of  crops  suited  to  the  requirements 
of  the  owner.  This  type  of  culture  has  become  more  common  since 
the  war,  after  the  close  of  which  many  of  the  large  estates  were  divided 
into  small  holdings,  ranging  in  size  from  15  to  500  acres.  On  the 
large  estates  yet  existing  the  land  is  divided  into  fields  larger  than  these 
holdings,  the  size  depending  on  the  terrain  and  the  system  of  crop 
rotation  practiced  by  the  owner.  On  such  estates  the  "owner's  fields " 
are  the  best  cared  for  and  usually  suffer  less  infestation  than  the 
''owner's  peasants  fields,"  from  which  the  peasant  receives  a  portion 
of  the  crop  as  part  payment  for  his  labor  during  the  season.  The 
third  type  of  cultivated  ground,  ordinarily  designated  as  the  "peas- 
ant's field,"  usually  has  a  poor  stand,  is  badly  cultivated  and  weedy, 
and  gives  an  inferior  yield. 

The  use  of  crop  rotations,  the  preparation  of  the  soil,  and  the  culti- 
vation of  the  crop  vary  widely,  and  all  gradations  exist  from  very 
good  agricultural  practice  to  very  bad.  The  impression  is  gained, 
however,  that  the  cultivation  of  com  is  kept  at  as  high  a  standard  as 
it  is  in  the  United  States.  On  the  larger  estates,  as  might  be  expected, 
the  highest  type  of  agricultural  practice  is  found,  the  growers  not 
only  carrying  on  experiments  in  plant  selection  but  also  following 
carefully  a  system  of  crop  rotation  suitable  to  their  needs. 

A  few  facts  will  illustrate  Hungary's  importance  as  a  grain-pro- 
ducing country.  The  seven  principal  agricultural  products  grown 
there  in  1926  were,  in  the  order  of  their  importance,  wheat,  com,  rye, 
barley,  oats,  p)otatoes,  and  sugar  beets.  An  average  of  65  per  cent 
of  the  yield  of  all  of  these,  except  the  sugar  beets,  is  obtained  from 
farms  of  145  acres  or  less,  while  the  remaining  35  per  cent  is  derived 
from  the  larger  properties.  This  is  not  true,  however,  in  the  case  of 
the  production  of  sugar  beets;  89.1  per  cent  of  the  yield  of  these  is 
obtained  from  the  large  estates  and  the  farms  naturally  convenient 
to  the  sugar  factories  and  alcohol-distilling  plants. 

The  importance  of  Hungary  as  a  typical  grain  center  is  shown  by 
some  statistics  of  its  crop  yields  in  1926.  Its  production  of  wheat 
was  71,488,563  bushels,  or  an  average  of  19.9  bushels  per  acre;  of 
corn,  73,417,259  bushels,  an  average  of  27.4  bushels  per  acre;  of  rye, 
28,299,333  bushels,  an  average  of  16.3  bushels  per  acre;  of  barley, 
18,085,591  bushels,  an  average  of  34.1  bushels  per  acre;  and  of  oats 
23,880,395  bushels,  an  average  of  34.1  bushels  per  acre.  Besides  these 
grains,  the  yield  of  potatoes  was  6,718,950  bushels,  or  an  average  of 
106  bushels  per  acre,  and  1,680,152  tons  of  sugar  beets  were  produced, 
or  an  average  of  10.1  tons  per  acre. 

Besides  these  important  staples,  garden  beets,  red  onions,  beans, 
cabbage,  and  other  common  vegetaoles  are  grown  around  such  centers 
as  Budapest,  Szeged,  and  Debrecen.  Other  important  crops  grown 
are  paprika,  in  the  environs  of  Szeged;  buckwheat,  chiefly  around 
Szombathely;  hops,  millet,  hemp,  broomcorn,  flax,  and  tobacco,  in 
the  west-central  region;  pasture  grass  and  vineyards,  chiefly  in  the 
hilly  and  rolling  sandy  countr}\  Fruits  are  also  cultivated  to  a 
considerable  extent,  and  much  of  the  apricot  and  peach  crop  is  used 
in  the  making  of  a  native  liqueur.  The  other  principal  crops  are 
plums,  pears,  walnuts,  almonds,  and  apples. 
64736°— 29 2 
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THE  DISTRIBUTION  AND  CULTIVATION  OF  CORN 

EASTERN  HUNGARY  AND  EASTERN  YUGOSLAVIA 

The  region  of  particular  interest  to  this  investigation,  and  the 
one  which  might  be  termed  the  center  of  the  corn  belt,  lies  between 
the  Danube  and  the  Theiss  Rivers,  extending  from  the  towns  of  Baja 
and  Szeged,  in  Hungary,  and  Subotica,  in  Yugoslavia,  southward  to 
the  junction  of  these  rivers  and  to  the  Drave  and  Save  Rivers.  In 
this  region,  known  as  the  Bacska  in  Hungary  and  the  Vojvodina  in 
Yugoslavia,  in  which  the  corn  borer  is  chiefly  concentrated,  the  land 
is  generally  flat  and  extremely  fertile.  Although  com  and  wheat 
are  the  principal  crops,  the  rotation  usually  includes  sugar  beets, 
spring  grain,  rye,  muhar  (a  species  of  Setaria),  barley,  oats,  hemp, 
and  hops.  Occasionally  plantings  of  alfalfa  are  included  in  the 
rotation. 

Throughout  this  large  region  there  is  to  be  found  only  a  slight 
variation  in  the  agriculture,  although  the  practice  may  vary  consid- 
erably, depending  upon  the  size  of  the  farm  and  the  initiative  of  the 
owner.  Before  the  World  War  this  was  a  region  of  large  estates  and 
a  highly  developed  system  of  tenantry.  More  recently,  these  large 
holdings  have  been  divided,  and  there  is  now  a  restriction  as  to  the 
maximum  number  of  acres  one  person  may  control. 

This  area  is  particularly  suited  to  the  cultivation  of  large  fields 
and  is  comparable  with  the  best  lands  in  the  center  of  the  Corn 
Belt  of  the  United  States.  Throughout  the  region  cornstalks  are 
commonly  left  in  the  fields  during  the  winter,  and  in  some  cases  they 
are  not  properly  disposed  of  the  following  spring.  Where  the  stalks 
are  removed  from  the  field  they  are  hauled  to  a  convenient  spot  near 
the  farm  buildings  and  piled  into  huge  stacks.  These  stacks  often 
contain  stalks  which  are  several  years  old.  In  many  locahties  only 
a  3-year  system  of  crop  rotation  is  practiced,  consisting  of  corn,  wheat, 
and  a  fodder  of  the  millet  type  (usually  Panicum  sanguini). 

In  the  northeast-central  portion  of  the  area,  surrounded  by  a  large 
expanse  of  drifting  sand,  is  the  locahty  about  Debrecen,  (pi.  4,  B) 
which,  although  it  differs  in  many  respects  from  the  other  centers 
of  com  production,  is  included  in  this  general  region  because  the 
intensity  of  infestation  in  it  differentiates  it  from  the  other  areas 
discussed.  The  soil  here  is  in  general  of  looser  texture  than  is  found 
farther  south.  The  region  is  also  more  heavily  wooded,  particularly 
the  portion  surroimding  the  town,  where  several  tracts  of  oak  forest 
have  been  preserved. 

Corii  is  chiefly  grown  in  small  plantings,  and  a  4-year  rotation 
locally  called  ''Norfolk  4,"  consisting  of  alfalfa,  wheat  or  rye,  com, 
and  either  sugar  beets  or  spring  fodder,  seems  to  be  generally  practiced. 
As  a  conmion  feature  of  agricultural  practice  one-third  of  the  land  is 
manured  every  five  years  with  a  mixture  of  horse  and  sheep  manure, 
one-third  treated  with  sewer  water,  and  one-third  superphosphated. 

Com  is  grown  in  quantity  throughout  the  valleys  in  Transylvania. 
Another  important  area,  although  ecologically  quite  separated  from 
the  central  European  plains,  as  previously  defined,  is  the  extensive 
depression  known  as  the  Wallachian  Steppe,  drained  by  the  Danube 
in  Rumania  and  extending  to  the  deltas  at  the  Black  Sea.  This  corn- 
growing  area  is  separated  from  the  former  locahty  by  the  southern 
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Carpathians,  or  Transylvanian  Alps,   and  the  status  of  the  com 
borer  in  this  region  is  very  different. 

WESTERN  HUNGARY 

Another  important  grain-prod ucing  area  in  the  central  European 
plains  lies  in  western  Hungary,  mainly  in  the  triangle  formed  by  the 
Danube  and  Drave  Rivers  and  a  line  drawn  from  Budapest  to  the 
Drave  River  through  Sz^kesfeh^rvar,  Lake  Balaton,  and  Nagy- 
kanizsa.  This  area,  although  including  much  level  ground,  is  more 
rolling  than  the  one  just  discussed.  Thi'ee  localities  in  this  area, 
characterized  by  important  differences,  will  be  mentioned. 

Szombathely  is  the  first,  and  is  in  the  extreme  west-central  part  of 
Hungary,  near  the  Austrian  border.  Nearly  all  com  grown  there  is 
in  small  garden  patches  maintained  almost  solely  for  the  immediate 
needs  of  the  families.  The  soil  is  light,  gravelly,  somewhat  sandy, 
and  less  adapted  to  large  areas  of  com  planting  than  any  other  part 
of  the  area.  This  is  one  of  the  chief  buckwheat-growing  locahties 
in  Hungary,  and  produces  considerable  tobacco. 

There  is  considerable  corn  production  about  Nagykanizsa,  in  the 
southw^estem  corner  of  Hungary,  south  of  Lake  Balaton  (pi.  4,  C.) 
The  land  there  is  rolling  and  sparsely  wooded.  Corn  is  grown  in 
valleys  between  wooded  hills.  The  soil  is  fertile,  although  sandy  in 
isolated  spots.  A  few  miles  farther  southwest,  near  the  town  of 
Murakeresztiir,  on  the  flatter  land  of  the  river  valley  of  the  Drave, 
is  found  another  center  of  corn  production.  Large  quantities  of  the 
adapted  Cinquantino  flint  are  grown  here. 

P^cs,  near  the  southern  boundary  of  Himgary,  about  midw^ay 
between  the  Drave  and  Danube  Rivers,  lies  in  a  semimountainous 
country,  well  wooded,  and  with  rich  land  in  the  valleys.  A  large 
quantity  of  com  is  produced  in  the  rolling  country  and  on  the  plateau 
surrounding  T^seny,  a  few  miles  north  of  P^cs.  The  soil  is  usually  of 
the  clay-loam  type  and,  in  general,  the  agricultural  practice  is  good. 
The  ears  of  com  are  stripped  from  the  stalks  in  the  field,  and  the  stalks 
left  standing  until  the  cattle  have  fed  upon  the  leaves;  the  stalks  are 
then  cut  and  carried  to  the  barnyard,  where  they  are  used  throughout 
the  winter  for  bedding,  fuel,  feed,  other  farm  purposes.  Around 
T^seny  the  remnants  are  generally  burned  in  the  spring.  Using  a 
portion  of  the  stalks  in  the  compost  piles  is  also  a  local  practice. 

NORTHWESTERN  HUNGARY 

The  last  important  area  of  com  production  to  be  mentioned, 
included  in  the  central  European  plains,  is  that  know^n  as  the  "Little 
Alfold,"  lying  in  the  northwestern  part  of  the  basin  w^hich  has  been 
described,  and  comprising  such  important  centers  as  Komarom,Gy6r, 
Bratislava,  and  Papa.  This  area,  however,  is  more  a  center  of  sugar- 
beet  production  than  of  com  production. 

Gyor  (Raab)  is  one  of  the  important  centers  in  the  Little  Alfold 
and  lies  on  the  Raab  River.  To  the  westward  of  the  city  the  land  is 
flat  and  agriculturally  rich.  This  is  not  a  typical  corn-growing  coun- 
try, but  the  com,  chiefly  of  the  flint  type,  is  heavily  manured  with 
each  planting  and  is  well  cultivated.  The  main  crops  produced  are 
sugar  beets,  wheat,  rye,  and  potatoes. 
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VARIETIES  OF  CORN  AND  METHODS  OF  PLANTING 

During  the  last  15  years  rapid  strides  have  been  made  in  central 
Europe  in  the  selection  and  breeding  of  varieties  of  corn  which  par- 
ticularly suit  the  needs  of  the  grower;  notwithstanding  this  fact,  the 
com  grown  on  the  peasant's  farms  can  rarely  be  separated  into  any 
other  classes  than  dent,  flint,  fodder,  and  the  Italian  varieties  known 
as  Cinquantino  and  Pignoletto,  both  of  which  have  characteristics 
that  relate  them  to  flint.  Among  these  varieties  some  have  white, 
some  yellow,  and  some  red  kernels,  ranging  in  character  from  the 
large,  soft  kernel  to  the  more  compact,  deeply  set  grain. 

Information  compiled  in  1921  by  J.  Jablonowski  ^  has  been  de- 
pended upon  to  furnish  infonmation  concerning  the  history  of  corn- 
growing  in  Hungary.  The  original  com  grown  in  this  area  was  a 
variety  of  dent,  having  soft,  yellow  kernels.  Crossings  of  this 
''Hungarian  maize"  with  such  American  varieties  as  Prairie  Queen, 
Farmers'  Favorite,  King  Philip,  Iowa  Gold  Mine,  Wisconsin  Early 
White,  Leaming,  etc.,  have  produced  certain  distinct  varieties,  which 
are  now  planted  throughout  the  region. 

Probably  the  chief  variety  in  Hungary  is  B^nkuti,  a  dent  corn  first 
developed  in  the  town  of  Bankiit,  in  the  southeastern  part  of  Hungary, 
near  Mezohegyes  and  Bek^scsaba  (pi.  4,  A).  According  to  Doctor 
Jablonowski,  this  originated  in  a  cross  between  Prairie  Queen  and  the 
native  dent,  which  was  followed  successively  by  crosses  with  Bristol 
and  Golden  Beauty.  The  development  of  this  variety  (owing  to  the 
efforts  of  Ladislaw  Baross  de  B^lus)  led  to  a  dent  com  of  extremely 
high  quality,  comparable  with  any  of  the  best  varieties  of  this  type 
in  the  United  States.  This  corn  ripens  early,  has  well-proportioned 
ears,  and  yields  by  weight  about  89  per  cent  of  shelled  corn  and  11 
per  cent  of  cob.  The  kernels  are  orange  yeUow,  hard,  deeply  set  in 
regular  rows  varying  from  18  to  20  to  the  cob  and  bearing  from  52  to 
64  kernels  to  the  row.  This  plant  is  of  very  sturdy  growth,  grows 
from  9  to  12  feet  high,  and  is  succulent,  remaining  for  a  considerable 
period  green  and  suitable  for  forage. 

The  most  widely  grown  type  of  flint  com,  known  as  Hungarian 
Flint,  has  hard,  white,  loosely  set  kemels.  Its  chief  subvariety  is 
known  as  Sz^k^y  8-row.  The  flint  corns  are  not  easily  distinguished 
from  one  another  by  actual  varietal  names,  but  the  natives  speak  of 
them  as  the  ''yellow,"  the  "100-Day,"  the  "White,"  and  the  "small- 
kemeled." 

Of  importance  also  are  the  long-eared  yellow  flints,  some  of  which 
are  fairly  pure  crosses  between  the  native  flints  and  Longfellow. 
A  crossing  between  Longfellow  and  Pignoletto,  an  Italian  type, 
has  resulted  in  the  production  of  an  excellent  close-grained,  hard- 
kemeled  variety.  Throughout  the  Little  Alfold,  or  northwestern 
portion  of  the  plains,  extending  into  Czechoslovakia,  is  found  a 
yellow  small-eared  flint  com,  the  plants  of  which  grow  to  a  height 
of  only  4  to  4J/^  feet  and  bear  two  ears. 

Throughout  the  southern  part  of  Hungary  is  found  the  Italian 
variety  Pignoletto,  a  useful  corn  ripening  early  and  producing  a 
short  ear  with  fine,  hard,  closely  set,  red  kemels.  Many  crosses 
have  been  made  between  this  com  and  the  Hungarian  types,  as 

»  Jablonowski,  J.  the  European  corn  borer  and  its  control  in  Hungary.    Abstracted  by  W,  R. 
Walton  and  J.  S,  Wade.    25  p.    [Washington,  D.  C,  1921.    Mimeographed.] 
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A.— Dent  corn  at  Mezohegyes,  June  17,  1924. 

B.— Typical  growth  of  corn  near  Debrecen,  ilungary. 

C— View  near  Nagykanizsa,  ilungary. 
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well  as  between  it  and  certain  American  varieties.  The  best  cross 
between  Pignoletto  and  the  American  variety  Prairie  Queen  is 
called  Putyi,  or  the  rose  com,  and  was  developed  first  in  the  region 
around  H6dmez6vasarhely.  Another  common  variety,  associated 
and  often  confused  with  Pignoletto,  is  Cinquantino,  an  Italian  com 
of  similar  characteristics,  but  having  kernels  of  a  yellow-orange 
color. 

In  most  cases  the  writers  foimd  it  impossible  to  assign  a  distinct 
varietal  name  to  a  com  selected  for  observation.  The  merging  of 
one  variety  mto  another  was  often  the  basis  for  a  new  name,  local 
in  character,  having  no  particular  scientific  foundation,  and  often 
used  to  designate  many  sub  varieties  of  com.  In  Hungary  and 
Yugoslavia,  on  large  estates  where  careful  com  breeding  is  done, 
definite  records  are  available  conceming  a  particular  variety;  but 
the  varietal  name  used  by  the  proprietor  does  not  aid  in  the  general 
separation  of  varieties  grown  outside  this  restricted  territory. 

The  outstanding  variety  grown  in  the  Yugoslavian  com  belt  is 
known  as  Ruma  Dent,  and  is  a  large,  well-formed,  golden-eared 
com.  This  com  is  the  result  of  the  acclimatization  and  crossbreed- 
ing of  native  varieties  with  several  American  varieties.  The  growth 
of  the  plant  resembles  that  of  the  Bankuti  variety. 

Flint  com,  with  the  exception  of  the  small-eared  Italian  varieties, 
is  seldom  grown  in  the  center  of  the  com  belt.  The  change  in  pre- 
dominance of  dent  com  over  flint  com  takes  place  from  south  to 
north,  the  flint  corns  entirely  superseding  the  dents  in  the  com  areas 
of  Slovakia. 

Sweet  com,  in  the  American  sense,  is  rarely  grown  in  the  central 
European  plains  except  where  seed  may  have  been  brought  over 
by  returning  emigrants  or  introduced  for  experimental  purposes. 
There  has  been  no  systematic  effort  to  breed  this  type  except  at  some 
of  the  experiment  stations  in  Slovakia,  and  when  a  variety  of  com, 
translated  as  sweet  com,  is  encountered  in  the  central  European 
plains  the  reference  is  usually  to  the  early-maturing  com  grown  for 
human  consumption  throughout  this  region.  This  com  was  evi- 
dently originally  a  type  of  flint,  the  ear  varying  from  5  to  10  inches 
in  length  and  having  8  to  12  rows  of  large,  loosely  set,  white  kernels. 
It  varies  greatly  in  quality,  and  one  acquainted  with  some  of  the 
American  varieties  of  sweet  com  does  not  enjoy  its  flavor  or  texture. 

Fodder  com  is  grown  extensively;  it  is  closely  sown  and  is  cut  and 
fed  while  green.  Silage,  as  Americans  understand  it,  made  in  silos, 
is  rare,  although  since  the  World  War  it  has  become  a  greater  source 
of  forage  than  previously. 

Silage,  in  the  native  sense  of  the  word,  is  a  mixture  of  forage  beets 
and  fodder  com,  cut  up,  sprinkled  with  salt  and  water,  and  left  to 
ferment  in  a  large  pit  dug  in  the  ground  and  covered  over  like  a 
mound.  Occasionally  fodder  corn  is  sown  thickly,  and  the  plants  are 
cut  while  fairly  green  and  cured  as  hay. 

Pop  com  is  also  grown  in  the  central  European  plains  and  is  of 
the  same  type  as  that  commonly  seen  in  the  United  States.  It  is 
prepared  for  consumption  in  the  same  manner  as  in  the  United  States, 
and  is  sold  during  the  winter  by  peddlers  at  street-corner  stands. 

In  the  center  of  the  corn  belt,  corn  is  planted  from  the  end  of  March 
to  the  beginning  of  May,  the  time  depending  upon  the  locahty  and 
the  season.     Most  of  the  crop  in  the  south  is  planted  during  the  first 
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two  weeks  of  April,  and  in  the  northern  section  of  the  country  about 
the  first  week  of  May.  All  methods  of  planting  are  in  use,  from  the 
most  modern  to  the  most  primitive,  but  on  the  better  farms  there 
are  two  definite  systems.  According  to  one  system  the  distance 
allowed  between  rows  is  28  inches,  and  the  plants  are  grown  in  hills 
1  foot  apart,  with  four  plants  to  a  hill.  According  to  the  other  system 
the  corn  is  drilled  in  rows  2}/^  to  3  feet  apart  and,  after  the  third 
spring  cultivation,  the  plants  are  thinned  so  as  to  grow  from  4  to  7 
inches  apart.  Although  the  larger  part  of  the  labor  is  performed  by 
hand,  the  fields  in  general  are  very  free  from  weeds. 

The  harvest  occurs  between  September  15  and  October  15.  Usually 
the  corn  is  husked  in  the  fields;  the  ears  are  then  carried  to  the  farm, 
graded,  weighed,  and  stored  in  cribs  until  shelled  in  the  latter  part  of 
winter  or  early  in  the  spring.  The  stalks  are  cut  shortly  after  the 
harvest  and  are  stacked  in  immense  piles  to  be  used  for  fodder,  bed- 
ding, and,  in  the  more  southern  regions,  as  a  valuable  item  of  fuel. 

THE  CORN  BORER  AS  A  NATIVE  OF  THE  CENTRAL 
EUROPEAN  PLAINS 

Thanks  to  the  painstaking  effort  of  J.  Jablonowski,  director  of  the 
Royal  Hungarian  Entomological  Experiment  Station  at  Budapest, 
much  valuable  information  concerning  the  corn  borer,  as  an  inhabi- 
tant of  central  Europe,  from  the  time  its  presence  there  was  first 
recorded  until  the  outbreak  of  1915-1917,  has  been  collected  and  is 
in  the  possession  of  the  Bureau  of  Entomology  at  Washington. 

ORIGINAL  HOST  PLANTS 

A  study  of  these  data  leads  to  the  belief  that  the  corn  borer,  which 
has  almost  a  strictly  one-generation  seasonal  history  throughout  this 
corn  area,  became  a  permanent  source  of  danger  to  the  production 
of  corn  soon  after  the  increase  of  the  planting  of  this  crop  as  an 
important  staple  in  central  Europe.  It  is  possible  that  the  borer 
was  originally  confined  to  plants  of  the  grass  family,  although  it  is 
equally  logical  to  assume  that  the  original  host  was  wild  hops.  In 
the  central  European  plains  the  insect  depended  for  its  existence 
chiefly  upon  three  plants — broomcorn  millet  {Pdnicum  miliaceum), 
hops,  and  hemp,  which  are  mentioned  in  the  earhest  pubhshed 
accounts  as  its  chief  hosts.  With  the  increase  in  corn  production 
the  preference  of  the  borer  for  maize  became  more  evident,  and 
first  attracted  widespread  interest  through  the  serious  outbreak  in 
1879.  At  the  present  day  the  transition  to  corn  might  be  charac- 
terized as  practically  complete,  so  favorable  has  the  insect  found  this 
introduced  host. 

To-day  the  corn  borer  has  practically  abandoned  hops  in  the  hop- 
growing  area  of  northern  Bohemia,  although  in  former  times  it 
repeatedly  caused  severe  damage  to  this  plant.  This  is  also  true 
of  hemp,  and  in  large  areas  of  hemp  which  have  been  scouted  an 
infestation  could  rarely  be  found.  The  use  of  millet  as  a  true  host 
plant,  however,  still  assumes  an  economic  character  in  certain  re- 
gions. (See  section  devoted  to  infestation  in  millet.)  But,  in 
general,  com  carries  the  bulk  of  the  infestation  in  whatever  area 
is  considered  in  these  investigations. 

The  picture  of  the  corn  borer  in  its  present  environment  is  more 
complete  when  one  considers  the  fact  that  the  heaviest  larval  con- 
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centrations  are  now  found  in  typical  com  regions,  such  as  southern 
Hungary,  northern  Yugoslavia,  western  Rumania,  and  the  valleys 
in  Transylvania  (now  a  part  of  Rumania). 

SEASONAL  HISTORY 

The  mature  larvae  which  have  survived  the  winter  in  the  central 
European  plains  begin  to  pupate  in  the  latter  part  of  May,  the 
first  pupa  observed  in  1925  in  these  investigations  having  been 
found  in  the  field  on  May  18,  the  first  in  1926  on  May  20,  and  the 
first  in  1927  on  May  23. 

Table  3  presents  the  average  dates  of  several  outstanding  events 
in  the  seasonal  history  of  the  European  corn  borer,  as  observed  in 
the  vears  1924  to  1927,  inclusive,  in  Hungary  and  Yugoslavia,  and 
Table  4  the  average  progress  for  the  same  years  of  other  features 
of  seasonal  development  as  related  to  selected  dates  of  the  develop- 
mental season. 

Table  3. — Average  dates  of  occurrence  in  the  field  of  certain  events  in  the  seasonal 
history  of  the  European  corn  borer,  1924  to  1927,  inclusive,  in  Hungary  and 
Yugoslavia 


Feature 


Average  date 

of  occurrence 

in  the  field 


First  pupa 

50  per  cent  pupation - 

100  per  cent  pupation 

First  adult 

50  per  cent  emergence 

100  per  cent  emergence 

First  egg 

Abundance  of  eggs 

Last  egg  observed 

First  larva.- 

1  per  cent  of  larvae  attain  fifth  instar 

50  per  cent  of  larvae  attain  fifth  instar. 


May  20. 
June  17-18. 
July  20. 
June  8-9. 
July  1-2. 
July  25-26. 
June  16-17. 
July  5-6. 
Sept.  15. » 
June  22-23. 
July  11. 
Aug.  3-4. 


»  The  date  of  the  last  field  observation  of  eggs  in  1927  is  not  included  in  this  average,  no  observations 
having  been  made  after  July  11. 

Table  4. — Average  progress  of  features  of  the  seasonal  development  of  the  Euro- 
pean corn  borer  in  the  central  European  plains  at  selected  dates  of  the  developmental 
season,  1924  ^o  1927,  inclusive 


Date 

Percentage 
of  pupa- 
tion 

Percentage 
of  emer- 
gence 

Oviposi- 
tion  (clus- 
ters per 
100  plants) 

Percentage 
of  appear- 
ance of 
fifth  instar 

May  20 

0.7 

1.6 
6.4 
16.1 
31.0 
46.0 
62.3 
69.3 
85.3 
87.7 
9L9 

25 

30 

June    4 

0.8 
7.5 
7.9 
15.7 
26.8 
42.2 
56.2 
68.4 

9 

14 

4.8 
15.1 
16.5 
26.0 
36.3 
40.3 

19 

24 

29 

July     4 

Q 

0  7 

12 

4.5 

14 

95.6 
99.3 

84.7 
88.4 

25.3 
9.3 

8.3 
12.7 
17  5 

19 

21 : . : 

24 

100.0 

a4 

19  3 

25 

28  3 

28 

34.8 

29 

6.5 

44.7 

31 ■ 

47  8 

Aug.     6 

71  7 

8 

0.8 

78.1 

16 

78.4 

25.- 



96.9 

Sept.  4:::::ii:;:3]i::::::'in:£:!:t!^:::::i:::::::::: 

"-'T----r  — 

98.5 
100.0 
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In  studying  the  normal  progress  of  pupation,  from  May  20  onward 
as  shown  in  Table  4,  it  wUl  be  seen  that  during  the  first  15  days  of  the 
period  the  advance  is  very  slow;  in  the  interval  from  June  4  to  June  9 
the  number  pupating  is  almost  doubled.  Pupation  continues  during 
a  period  of  two  months  and  is  nearly  completed  in  the  third  week  in 
July.  There  are,  however,  larvae  which  do  not  pupate  until  very 
late  in  the  summer,  more  especially  those  which  have  been  in  the 
cold,  moist  centers  of  immense  corn  piles. 

Although  the  four  years  of  observation  show  on  the  w^hole  an  evening 
up  of  development  toward  the  end  of  the  season,  the  course  of  develop- 
ment has  varied  in  different  seasons.  Fifty  per  cent  of  the  larvae  in 
the  field  had  pupated  approximately  one  week  earlier  in  1924  than 
was  the  case  in  1925,  1926,  and  1927;  but  emergence  was  completed 
in  1924  one  week  later  than  in  1925  and  1927,  and  tw^o  weeks  later 
than  in  1926.  The  first  adult  observed  in  1925  was  recorded  on  June 
2,  and  the  first  in  1926  and  1927  on  June  12.  Although  emergence 
proceeds  more  rapidly  than  pupation,  it  is  spread  out  over  a  period 
of  more  than  a  month  and  a  half,  extending  from  June  4  to  July  24. 
The  sharpest  rise  in  emergence  normally  occurs  between  June  19  and 
June  29.  Emergence  is  n^ver  naturally  complete  as  early  as  July  24; 
there  is  always  a  small  percentage  of  late-pupating  individuals 
emerging  throughout  the  summer,  even  to  the  middle  of  September. 

Owing  to  the  fact  that  such  data  on  oviposition  as  could  be  collected 
had  to  be  taken  from  field  observations,  it  has  been  much  more 
difficult  to  express  numerically  the  deposition  of  eggs  on  successive 
dates  than  to  give  similar  expression  to  pupation  and  emergence. 
There  was  no  opportunity  to  run  cage  experiments  to  determine  the 
egg-laying  period,  and  the  best  that  could  be  done  was  to  count  the 
egg  clusters  per  100  plants  in  the  field.  The  resulting  figui-es,  in- 
cluded in  Table  4,  are  therefore  only  approximate. 

In  1924  the  first  egg  cluster  was  observed  on  eTune  6.  No  accurate 
observation  of  this  character  is  available  for  1926;  on  June  24  of  that 
year  there  were  already  present  in  the  field  a  total  of  12.7  clusters  per 
100  plants.  The  maximum  number  of  eggs  in  the  field  was  recorded 
on  July  9  in  both  1925  and  1926,  whereas  in  1927  this  feature  was 
observed  one  week  earlier.  Eggs  are  found  in  the  field  late  in  the 
season;  in  1925  the  last  known  cluster  was  observed  September  27. 

Since  in  these  investigations  detailed  study  of  the  life  history  of 
the  corn  borer  was  considered  secondary  in  importance  to  the  deter- 
mination of  the  intensity  of  infestation  by  the  insect  in  various 
regions,  the  actual  development  of  its  various  stages  could  not  be 
observed  as  closely  as  would  have  been  the  case  had  the  investiga- 
tors been  situated  at  a  permanent  laboratory,  with  a  series  of  con- 
trolled experiments  under  their  observation.  Data  on  the  progress 
of  larval  development  by  instars  were  obtained  by  collecting  each 
day  as  many  larvae  as  possible  while  making  plant  dissections  to 
determine  the  larval  population.  The  larvae  collected  were  pre- 
served in  chloral  hydrate,  in  vials  which  were  sealed  and  saved. 
At  the  end  of  the  season,  when  the  investigators  had  returned  to  the 
field  laboratory  at  Hy^res,  France,  all  this  material  was  carefully 
dissected  for  data  on  parasitism,  and  the  stage  of  development  of 
each  larva  was  noted. 

Although  considerable  information  has  been  collected  as  to  the 
time  of  appearance  of  each  instar  under  field  conditions,  it  seemed 


THE   CORN  BOREK  IN  CENTRAXi  EtTROPE 


17 


better  to  present  in  Table  4  the  progress  in  the  appearance  of  the 
fifth  instar.  These  data  are  also  valuable  as  a  basis  for  determining 
the  approximate  time  at  which  commercial  damage  may  be  expected 
to  appear. 

The  first  larva  usually  appeared  between  the  middle  and  the  end 
of  June  and  attained  the  fifth  instar  by  the  middle  of  July.  A  most 
interesting  fact  brought  out  is  that  50  per  cent  of  the  individuals 
reached  the  fifth  instar  in  the  first  week  of  August.  Ninety-five 
per  cent  or  more  had  reached  this  stage  in  the  last  week  of  August. 
Toward  the  latter  part  of  September  the  larvae  had  in  nearly  all 
cases  ceased  feeding  and  had  entered  the  diapause,  and  remained  in 
that  state  until  pupation  in  the  following  spring. 

NUMBER  OF  GENERATIONS  PER  YEAR 

Since  one  of  the  most  important  purposes  of  this  project^is  to 
determine  the  number  of  generations  of  the  borer  occurring  annually 
in  all  regions  visited,  whatever  time  could  be  spared  from  the  collec- 
tion of  systematic  data  in  the  central  European  plains  was  devoted 
to  trips  through  areas  thought  likely  to  be  either  in  the  transition 
zone  or  the  2-generation  zone. 

The  importance  of  knowing  what  seasonal  rhythm^  is  induced  by 
a  particular  environment  has  been  discussed  in  a  previous  paper 
by  the  senior  writer  (2).  In  the  work  upon  the  distribution  survey, 
reported  at  the  beginning  of  this  bulletin,  particular  attention  was 
given  to  the  collection  of  data  which  would  show  the  type  of  the 
seasonal  cycle  of  each  region  visited.  Besides  these  general  obser- 
vations, detailed  data  upon  this  feature  of  the  project  have  been 
collected  in  the  central  European  plains  and  are  presented  in  Table  5. 

Table  5. — Numbers  of  specimens  of  the  European  corn  borer  examined  in  1925, 
1926,  and  1927,  in  selected  regions  of  the  central  European  plains,  with  percent- 
age of  pupation  in  each  case,  indicating  prospective  individuals  of  the  second 
generation 


Year 

Region 

Specimens 
examined 

Pupation 

(Hungary                                                     .         .  . 

Number 

12,400 

6,000 

18,400 

847 

14, 151 

5,506 

20,504 

10,  782 

6,353 

229 

17,364 

Pereera 
0.008 

1925 

.017 

(Entire  area                                     .  . 

.011 

[Czechoslovakia 

.100 

.020 

1926 

1  Viicnslftvm 

None. 

1  Entire  area 

.020 

.27 

1  Yugoslavia  and  Vojvodiiia 

.38 

1927 

3  06 

(Entire  area                                           .         - 

.35 

It  should  be  stated  here  that  the  number  of  specimens  examined 
upon  which  the  percentage  of  pupation  is  based  were  taken  from  the 
routine  field  data,  so  as  to  give  as  accurately  as  possible  the  true 
percentage  of  those  that  were  forming  a  second  generation  for  the 
year  named,  by  pupating  or  unmistakably  preparing  to  do  so.     These 

*  The  term  rhythm  as  used  throughout  this  discussion  means  that  tendency  of  the  insect  which  causes 
it  to  persist  in  the  frequency  of  its  transformations  after  a  change,  either  natural  or  artificial,  in  its  environ- 
ment. 

64736^—29 3 
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percentages  therefore  represent  for  the  several  named  years  the  rela- 
tive effect  of  the  various  temperature-moisture  combinations  in 
producing  exceptional  individuals  of  the  second  generation  under  the 
environmental  conditions  normally  present  in  this  almost  strictly 
one-generation  area. 

All  recent  data  collected  from  the  field  follow  the  conclusions 
drawn  by  the  senior  writer  in  two  previous  papers  (1,  2),  and  these 
new  data  will  be  discussed  in  a  paper  to  follow.  Since  the  publica- 
tion of  the  second  of  those  papers  definite  information  has  been  made 
available  that  southern  Yugoslavia  and  an  adj  acent  portion  of  Greece 
is  a  strictly  two-generation  region,  and  that,  in  Germany,  Baden  and 
Bavaria  are  strictly  one-generation  regions. 

Information  has  been  collected  by  the  Japanese  beetle  investigators 
in  the  Orient  which  indicates  that  three  generations  of  the  corn 
borer  a  year  occur  in  southern  Japan,  two  in  central  Japan,  one  in 
nortiiern  Japan,  and  one  and  a  partial  second  in  Chosen  (Korea). 

Suggestions  have  been  made  that  the  individuals  in  the  two-genera- 
tion area  in  the  United  States  which  have  a  life  cycle  different  from 
that  of  the  individuals  in  the  one-generation  area,  and  somewhat 
different  habits  as  to  host  plants,  be  considered  as  representing  a 
distinct  '^ biological  species."  Such  a  distinction  appears  undesirable, 
owing  to  the  fact  that  related  insects  are  ordinarily  not  considered 
separate  ''species"  when  they  interbreed  freely,  producing  fertile 
offspring,  and  when  many  individuals  show  intergrading  characteris- 
tics. In  the  case  of  the  corn  borer  such  groups  of  individuals  can 
therefore  preferably  be  considered  as  biological  varieties  or  strains. 

It  has  been  shown  elsewhere  by  the  senior  writer  {1 ,  2)  that  the 
differences  in  life  habits  of  the  one-generation  and  two-generation 
strains  in  Europe  are  correlated  with  certain  differences  of  environ- 
ment; and  that  it  is  not  improbable  that  these  differences  in  the  biono- 
mics of  the  two  strains  have  resulted  from  the  reaction  of  the  insect  to 
different  environmental  conditions  at  some  time  in  the  past  history  of 
the  species,  in  accordance  with  hypotheses  which  he  presented. 
Experimental  tests  have  shown  that  the  respective  habits  of  both  the 
one-generation  and  the  two-generation  strains  persist  when  the  insects 
are  artificially  transferred  to  new  climatic  conditions,  and  that  this 
persistency  has  been  maintained  in  the  United  States  experimentally 
for  a  period  of  eight  years.  However,  conditions  in  Europe,  as  well 
as  experiments  in  artificial  breeding,  lead  to  the  belief  that  environ- 
mental circumstances,  such  as  short  summer  seasons  and  certain 
conditions  of  precipitation,  may  eventually  result^  in  changing  the 
seasonal  cycle  of  the  two-generation  form  in  the  direction  of  a  one- 
generation  habit,  and  vice  versa.  How  much  time  may  be  required 
to  accomplish  this  result  is,  of  course,  entirely  problematical. 

EXTENT  AND  ECONOMIC  RESULTS  OF  INFESTATION 

In  discussing  the  infestation  of  various  crops  by  the  corn  borer, 
both  as  to  extent  and  as  to  economic  results,  the  writers  do  not  attempt 
to  present  detailed  data  collected  year  by  year  for  the  separate  fields, 
but  to  give  a  general  view  of  the  possible  injury  to  the  crop  as  a 
whole,  and  to  analyze  to  some  extent  its  economic  results;  discussing 
in  turn  the  infestations  of  corn,  of  other  crops  of  economic  importance, 
and  of  certain  miscellaneous  plants,  some  of  economic  value  and 
others  of  interest  only  in  some  other  respect. 
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CORN 

In  Table  6  are  presented,  by  localities  in  the  country  chiefly  afl*ected, 
data  on  the  more  important  features  of  infestation  of  com  in  the 
vears  during:  which  were  conducted  the  researches  here  described. 
In  succeeding  paragraphs  special  features  of  the  infestation  will  be 
discussed. 

In  Hungary  and  Yugoslavia  a  very  interesting  fluctuation  in  the 
intensity  of  infestation  has  been  observed.  A  survey  of  the  infesta- 
tion at  the  time  the  com  ripened  was  made  in  approximately  300 
fields  in  each  of  the  four  years,  1924-1927.  The  data  in  Table  7 
are  based  upon  the  examinations  made  in  1,118  fields  during  the 
4-year  period. 

Table  7. — Analytical  data  relating  to  the  infestation  of  corn  hy  the  European  corn 
borer  in  1,118  fields  in  Hungary  and  Yugoslavia,  19S4-1927 


Group 

Proportion  of  fields  in  group 

Average  larvae  per  100  plants » 

1924 

1926 

1926 

1927 

1924 

1925 

1926 

1927 

Larvae  per  100  plants: 
Oto  49 

Per  cera 
70.4 
4.4 
13.6 
3.2 
3.9 
1.6 
1.5 
.9 

Percent 
9.2 
4.6 
•     16.4 
10.0 
•  41.0 
16.2 

Per  cent 
8.9 
7.4 
13.2 
13.2 
20.6 
18.7 

a7 

5.2 

2.0 

1.2 

.8 

Per  cent 
46.3 
18.7 
17.6 
8.3 
6.2 
1.5 
1.1 
.3 

Number 

21.0 

79.3 

129.1 

238.2 

445.1 

794.1 

1,070.0 

1,350.0 

Number 
17.5 
75.3 
153.0 
257.0 
445.4 
719.3 

Number 

17.5 

72.0 

139.8 

250.1 

428.0 

730.2 

1,038.6 

1, 318.  5 

1, 618. 4 

1,834.3 

2,270.0 

Number 
22.7 

50  to  99 

71.1 

100  to  199 

139.0 

200  to  299.... 

241.4 

300  to  599 

422.1 

600  to  899 

744.  1 

900  to  1,199 

1, 085.  2 

1,200  to  1,499 

1,500  to  1,799 

1.7 

.8 

1,345.0 
1,680.0 

1,407.5 

1,800  to  2,099 

.6 

1,960.0 

2,100  to  2,399 

Proportion  of  plants  infested  *  • 

Average 

Group 

1924 

1926 

1926 

1927 

Propor- 
tion of 

fields  in 
group 

Larvae 
per  100 
plants 

Propor- 
tion of 
plants 

infested 

Larvae  per  100  plants: 
Oto  49 

Per  cent 
13.2 
32.9 
48.8 
66.1 
85.1 
93.6 
100.0 
100.0 

Per  cent 
13.5 
42.6 
50.5 
64.2 
78.3 
91.9 

Per  cent 
14.3 
45.6 
63.3 
86.8 
93.4 
96.6 
98.9 
99.3 
99.9 
99.9 
100.0 

Per  cent 
16.4 
33.8 
46.1 
60.7 
75.6 
91.4 
98.5 
99.7 

Per  cent 

33.7 

8.8 

15.2 

8.7 

17.9 

9.5 

2.8 

2.0 

.7 

.6 

.2 

Number 

19.7 

74.4 

140.2 

246.7 

435.2 

746.9 

1,064.6 

1,355.2 

1, 649.  2 

1,897.2 

2,270.0 

Per  cent 
14  4 

50  to  99.. - 

38.7 

\      100  to  199 

52.2 

200  to  299... 

69.5 

300  to  599 

83.  1 

600  to  899 

93  4 

900  to  1,199 

99.  1 

1,200  to  1,499 

100.0 
100.0 

99.8 

1,500  to  1,799 

99.9 

1,800  to  2,099 

io5.o 

99.9 

2,100  to  2,399 

100.0 

•  Average  larvae  per  100  plants  for  the  four  years,  299.80. 

*  Average  ijercentage  of  plants  infested  in  the  four  years,  55.86. 

The  character  of  this  fluctuation  is  clearly  show^n  by  the  distri- 
bution of  the  fields  in  the  different  groups  of  larval  population  per 
100  plants.  From  a  minimum  in  1924,  when  only  8.4  per  cent  of 
the  fields  examined  had  a  larval  population  of  300  or  more  borers 
per  100  plants,  a  figure  of  59.8  per  cent  was  reached  in  1925.  Al- 
though in  1926  a  smaller  number  of  fields  were  in  this  category  (57.2 
per  cent),  the  intensity  of  the  infestation  was  actually  mcreased, 
as  is  shown  by  the  greater  number  of  fields  in  the  groups  of  higher 
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larval  population.  The  average  larval  population  and  percentage 
of  plants  infested  were  also  higher  in  1926  than  in  1925.  In  1927 
the  insect  was  so  reduced  in  numbers  that  its  status  was  almost 
comparable  to  its  status  in  1924. 

Figure  2  represents  graphically  the  average  of  larvae  per  100 
plants  for  each  of  the  four  years  concerned,  without  reference  to  the 
separate  groups,  and  Figure  3  in  a  similar  manner  the  average  per- 
centage of  infestation  of  the  plants.  The  data  here  represented  are 
not  given  in  Table  7. 

It  may  be  of  interest  to  illustrate  further  the  intensity  of  the 
infestation  in  the  most  severely  infested  fields  in  the  central  Euro- 
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Figure  2.— Graphical  representation  of  the  average  number  of  larvae 
of  the  European  corn  borer  per  100  corn  plants  in  1,118  fields  in 
Hungary  and  Yugoslavia  in  1924,  1925,  1926,  and  1927 


pean  plains.  The  highest  larval  population  observed  in  1924  was 
found  in  a  field  of  dent  corn  at  Mezohegyes,  Hungary,  which  had 
1,960  borers  per  100  plants.  In  this  field  both  100  per  cent  of  the 
plants  and  100  per  cent  of  the  ears  were  infested,  and  82.4  per  cent 
of  the  plants  were  broken.  In  1925  the  most  severely  infested  field, 
which  also  had  a  plant  infestation  of  100  per  cent,  was  found  in 
Senta,  Yugoslavia,  with  3,830  borers  per  100  plants,  and  a  maximum 
of  40  borers  in  a  single  plant.  In  this  field,  also,  100  per  cent  of  the 
ears  were  infested,  and  87  per  cent  of  the  stalks  were  broken.  In 
1926  the  field  of  maximum  infestation  had  a  larval  population  of 
2,360  borers  per  100  plants,  and  a  maximum  of  39  borers  in  a  single 
plant.     The    year    1927    produced    no    comparable    ** worst"    field, 
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since  the  highest  larval  population,  found  in  a  field  in  Mezotiir, 
Hungary,  was  1,457  borers  per  100  plants,  with  a  maximum  of  24 
borers  in  one  plant.  In  1926  the  maximum  number  of  larvae  in 
one  plant  did  not  occur  in  the  fields  having  the  highest  larval  popu- 
lation; in  a  field  at  Velika  Kikinda,  in  Yugoslavia,  51  larvae  were 
found  in  a  single  stalk,  and  22  larvae  were  dissected  from  one  ear  of 
com. 

Although  the  'Vorst"  infested  fields  are  indicative  of  the  possi- 
bilities of  the  insect  in  years  of  outbreak,  it  is  only  by  a  proper  appre- 
ciation of  their  relation  to  the  corn  belt  as  a  whole  that  an  accurate 
picture  of  the  intensity''  of  infestation  can  be  obtained. 

Let  us  consider  that  general  area  which  we  have  designated  in  the 
map  (fig.  1)  as  the  center  of  the  corn  belt,  in  terms  of  fields  which 
during  the  four-year  period  sustained  larval  populations  of  300  to 
1,000  per  100  plants,  and  1,000  and  more  per  100  plants. 
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Figure  3.— Graphical  representation  of  the  average  percentage  of  corn 
plants  infested  by  the  European  corn  borer  in  1,118  fields  in  Hungary 
and  Yugoslavia  in  1924,  1925,  1926,  and  1927 


Since  few  systematic  data  were  taken  in  1924  in  Yugoslavia,  com- 
parison with  other  years  is  not  warranted.  In  the  Hungarian  portion 
of  this  district,  however,  21  per  cent  of  the  fields  had  populations  of 
from  300  to  1,000,  and  5  fields,  or  8.8  per  cent  of  the  fields  in  this 
locality,  had  populations  of  1,000  borers  or  over. 

In  this  discussion  of  the  relationship  between  heavily  infested  fields 
and  the  other  fields  considered,  attention  should  be  given  to  the 
figures  in  Tables  6  and  7.  The  presence  of  a  large  percentage  of 
heavily  infested  fields  in  this  region  is  particularly  dangerous  economi- 
cally, since  the  fields  are  larger  here  than  in  other  portions  of  the  corn- 
growing  area,  and  more  of  the  tillable  land  is  devoted  to  the  growing  of 
corn. 

In  1925,  in  the  center  of  the  corn  belt,  72  per  cent  of  the  fields  had 
populations  ranging  between  300  and  1,000  borers  per  100  plants,  and 
3  per  cent  had  1,000  or  more  borers  per  100  plants.  These  data,  as 
well  as  those  for  the  following  years,  include  all  fields  from  both  the 
Hungarian  and  Yugoslavian  portions  of  the  center  of  the  corn  belt. 
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In  1926  71  per  cent  of  the  fields  in  this  area  had  populations  of 
from  300  to  1,000  borers  per  100  plants,  and  22  per  cent  of  the  fields  in 
the  center  of  the  corn  belt  had  over  1,000  borers  per  100  plants. 

As  indicated  by  the  remainder  of  the  data,  the  striking  reduction 
observed  in  1927  was  widespread,  and  correspondingly  only  10  per 
cent  of  the  fields  in  this  district  had  populations  of  between  300  and 
1,000  borers  per  100  plants,  and  2  per  cent  of  the  fields  had  1,000  or 
more  borers  per  100  plants. 

Conditions  for  the  entire  corn  belt  are  accurately  pictured  in  Table 
7  for  the  4-year  period,  and  the  towns  in  the  center  of  the  corn  belt 
having  high  larval  populations  are  shown  in  Table  6.  It  is  expected 
that  a  further  analysis  of  intensity  of  infestation  will  be  made  at  the 
completion  of  the  5-year  period  and  discussed  in  a  separate  publication. 

Although  it  is  highly  essential  to  coUect  information  showing  the 
seasonal  development  of  the  corn  borer,  its  habits,  and  the  possi- 
bility of  infestation,  the  most  critical  phase  of  the  investigation 
demands  concise  information  on  the  actual  decrease  in  yield  result- 
ing from  the  activities  of  the  insect.  Unfortunately,  because  of 
imperfect  methods,  it  is  not  possible  at  the  present  time  to  represent 
by  a  definite  figure  a  certain  degree  of  damage  directly  ascribable 
to  the  insect.  One  can  see  the  damage,  however,  and  by  comparison 
with  the  normal  yield  in  a  certain  locality  obtain  an  idea  as  to  the 
probable  importance  of  the  role  of  the  insect  in  reducing  the  yield 
in  a  given  season  below  the  expected  crop.  For  example,  a  field 
could  be  damaged  by  high  winds  in  the  absence  of  the  corn  borer, 
but  where  the  insect  is  abundant  the  same  wind  undoubtedly  would 
produce  greater  damage;  yet  to  assign  a  definite  value  to  the  rela- 
tionship existing  between  larval  population,  high  winds,  and  ulti- 
mate damage  would  be  next  to  impossible.  Furthermore,  actual 
estimates  of  injury  caused  by  the  feeding  of  the  borer  would  not 
tell  the  whole  story,  since  no  consideration  would  be  given  to  the 
effect  of  forced  maturity  upon  the  yield  of  grain.  Forced  maturity 
is  frequently  found  in  areas  of  high  larval  concentration,  and  de- 
creases the  food  value  of  both  stalks  and  ears,  if  they  are  to  be  used 
as  fodder.  These  effects  may  be  further  intensified  by  conditions  of 
drought. 

The  estimation  of  loss  due  primarily  to  the  corn  borer  is  often 
complicated  by  the  presence  of  various  fungi,  which  become  a  more 
pronounced  factor  in  years  favorable  to  their  development. 

The  crop  loss  in  a  field  planted  solely  for  the  production  of  selected 
seed  may  be  roughly  estimated  by  a  count  of  the  number  of  ears 
which  must  be  discarded  as  a  result  of  injury  by  the  borer.  The 
problem  becomes  more  difficult,  however,  in  the  majority  of  fields 
in  the  central  European  plains,  where  corn  is  grown  for  both  grain 
and  fodder. 

In  1924  and  1925  the  investigators  attempted  to  arrive  at  a  figure 
which  would  approximate  the  crop  loss  sustaiued  iu  various  locali- 
ties. It  was  felt,  however,  that  not  all  of  the  loss  as  estimated 
could  be  directly  ascribed  to  the  attack  of  the  corn  borer,  although 
the  results  were  useful  in  picturing  the  conditions  present  in  the  fields 
having  high  larval  populations. 

It  should  be  remembered  that  estimates  of  loss  which  are  based 
upon  the  money  value  of  the  crop  to  the  farmer  in  terms  of  expect- 
ancy of  a  certain  yield  should  not  be  confused  with  the  amount  of 
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actual  damage  inflicted  upon  the  crop  by  the  insect.  It  is  naturally 
unfair  economically  to  estimate  losses  upon  such  a  basis,  because 
this  method  tends  to  hide  the  fact  that  a  fair  yield  may  have  resulted 
in  spite  of  very  evident  damage  by  the  insect.  Throughout  this 
discussion  the  authors  have  attempted  to  indicate  clearly  this  diflfer- 
ence  and  to  point  out  every  case  where  the  estimate  has  been  based 
upon  the  supposed  money  value  of  the  crop,  had  not  the  insect  been 
present. 

In  1924,  at  Mezohegyes,  in  south-central  Hungary,  the  actual  loss 
resulting  from  the  feeding  of  the  corn  borer  upon  the  grain  was  de- 
termined by  accurate  counts.  Two  fields  were  of  particular  interest. 
In  one,  in  which  the  average  larval  population  was  1,460  per  100 
plants,  the  grain  suffered  a  direct  loss  of  50.4  per  cent,  whereas  the 
yield  from  this  field  was  only  7.4  per  cent  of  what  was  expected. 
In  another  field,  in  which  the  larval  population  was  1,960  per  100 
plants,  the  direct  loss  of  grain  was  55.2  per  cent.  In  this  locality  the 
average  direct  loss  of  grain  for  the  season,  based  on  a  count  of  10 
fields,  amounted  to  4.9  per  cent,  while  the  total  estimated  loss  in  yield 
caused  by  the  ravages  of  the  insect  was  16.8  per  cent.  In  38  fields 
examined,  constituting  the  entire  district,  the  loss  caused  by  the  insect 
was  estimated  at  23.9  per  cent  of  the  value  of  the  crop — a  loss  higher 
than  corn  under  normal  conditions  is  expected  to  suffer  in  that  region. 
One  field  of  the  group  was  so  badly  damaged  that  no  harvest  was 
attempted,  and  the  stalks  were  used  for  compost. 

Duiing  the  years  in  which  examination  was  made  commercial  loss 
was  noted  in  all  sections  of  the  main  corn-growing  region,  and  partic- 
ularly in  the  corn-belt  center  represented  by  the  locality  of  Mezo- 
hegyes. In  1924  attempted  estimates  showed  that  B^nkiit,  lying  to 
the  northward  of  Mezohegyes  and  in  the  main  corn  belt,  suffered 
a  direct  loss  of  18.4  per  cent  of  the  crop,  and  Novi  Sad,  Yugoslavia, 
an  average  of  18.9  per  cent,  both  estimates  of  losses  being  above  the 
normal  loss  expected. 

These  figures  indicate  the  possibilities  of  the  insect  in  inflicting 
damage,  but  they  should  be  considered  with  the  qualification  that 
this  damage  occurred  in  a  year  when  an  "outbreak"  could  not  be 
said  to  have  occurred.  In  the  year  1925,  when  the  investigations 
were  extended  and  the  insect  haa  increased  in  abundance,  the  possi- 
bility of  severe  attack  became  more  evident.  Three  noteworthy 
cases  occurring  in  the  heart  of  the  com  belt  in  Yugoslavia  may  be 
mentioned,  in  all  of  which  the  com  crop  was  totally  destroyed.  (1) 
A  field  at  Senta,  in  northern  Yugoslavia,  near  the  borders  of  Hungary 
and  Rumania,  with  a  larval  population  of  1,542  per  100  plants,  was 
totally  destroyed;  (2),  one  at  Veliki  Be6kerek,  with  a  larval  population 
of  1,142  per  100  plants,  was  similarly  affected;  and  (3)  one  at  Velika 
Kikinda,  with  a  similar  larval  population  of  1,074,  produced  no  com. 
In  the  same  year  very  high  average  losses  also  occurred  in  several 
districts,  noteworthy  among  which  were  the  average  losses  in  money 
value  of  45  and  40  per  cent  for  the  districts  of  Senta  and  Veliki 
Be6kerek. 

The  damage  in  this  season  was  further  increased  by  high  winds, 

which  broke  over  the  infested  plants  before  their  maturity.     The 

importance  of  this  factor,  particularly  in  a  season  of  high  infestation, 

was  illustrated  in  several  fields.    In  one  field  of  dent  com  near  Temerin, 
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17  miles  north  of  Novi  Sad,  Yugoslavia,  having  a  larval  population 
of  1,430  per  100  plants  and  a  plant  infestation  of  100  per  cent,  74.3 
per  cent  of  the  plants  were  completely  broken  over.  (PI.  5,  A,  B.) 
In  another  field  at  Mezohegyes,  Hungary,  where  severe  windstorms 
occurred,  an  average  of  43  per  cent  of  the  plants  were  broken  in  9  fields 
of  flint  com,  having  a  larval  population  of  462  per  100  plants  and  a 
plant  infestation  of  66  per  cent;  and  on  21  fields  of  dent  com,  with  a 
similar  larval  population  of  569,  the  percentage  of  broken  stalks  was 
66.  A  third  strildng  illustration  was  found  at  P^cs,  Hungary,  where 
an  average  of  73.8  per  cent  of  the  plants  were  broken  in  4  fields  of 
dent  com,  having  a  larval  population  of  50.8  per  100  plants. 

To  bring  out  further  the  extreme  possibilities  of  damage  to  com, 
let  it  be  assumed  that  where  the  larval  popiilation  rises  above  400 
borers  per  100  plants,  and  the  ear  infestation  rises  above  25  per  cent, 
there  is  danger  of  commercially  important  damage.  This  assumption 
is  based  upon  experience,  both  in  North  America  and  in  the  central 
European  plains,  which  indicates  that  this  intensity  is  the  ''danger 
point,"  above  which  appreciable  loss  will  norm.ally  occur.  However, 
in  such  areas  as  Baden,  Germany,  losses  may  occur  with  larval 
populations  as  low  as  100  borers  per  100  plants.  The  assumption 
here  used  is  therefore  arbitrarily  made  for  conditions  found  existing 
in  the  central  portion  of  the  European  com  belt. 

By  referring  to  Tables  6  and  7  it  may  be  seen  that,  on  the  basis 
of  a  4-yea;r  average,  which  may  be  taken  as  a  tentative  nonnal  ex- 
pectancy, 33.6  per  cent  of  the  fields  in  the  central  European  plains 
will  always  be  in  danger  of  commercial  damage,  and  that  in  the 
majority  of  cases  these  fields  will  be  found  in  the  vicinity  of  Szolnok, 
Szeged,  Bekescsaba,  and  Baja,  in  Hungary,  and  of  Novi  Sad,  Pancevo, 
Veliki  Be^kerek,  and  Velika  Kikinda,  in  Yugoslavia.  It  may  also 
be  expected  that  these  localities  will  have  an  average  minimum  of  78 
per  cent  of  the  fields  infested.  Judging  this  condition  from  the 
standpoint  of  ear  infestation  only,  there  are  to  be  added  the  towns  of 
Kaposvar  and  Nagykanizsa,  in  Hungary,  and  Stari  Becej,  Subotica, 
and  Sombor,  in  Yugoslavia.  With  the  data  at  present  available  it  is 
not  possible  to  indicate  definitely  what  degree  of  commercial  damage 
may  be  expected  in  connection  with  various  intensities  of  infestation 
nor  what  percentage  of  fields  in  different  localities  would  sustain  this 
damage. 

If  the  reader  uses  the  method  of  scrutiny  previously  outlined  for 
each  of  the  four  years  imder  consideration,  he  wiU  gain  a  clearer 
picture  of  the  possibilities  of  damage  by  the  com  borer  in  its  native 
home. 

OTHER  CROPS  OF  ECONOMIC  IMPORTANCE 

Previous  to  the  time  when  considerable  attention  was  directed 
toward  the  study  of  the  corn  borer  very  little  information  was  avail- 
able as  to  the  complete  list  of  host  plants  of  the  insect  in  the  central 
European  plains.  Doctor  Jablonowski  in  his  manuscript  records 
wild  and  cultivated  hop,  hemp,  com,  broomcom  {Sorghum  vulgare), 
broomcom  miUet  {Panicum  miliaceum),  cotton,  sunflower,  mustard, 
oats,  and  barley,  and  an  incidental  infestation  was  discovered  in 
grapevines. 

The  known  distribution  of  the  com  borer  has  been  thoroughly 
discussed  by  Caffrey  and  Worthley   (3),  by  whom  attention  was 
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drawn  to  the  fact  that  the  insect  is  normally  an  inhabitant  of  many 
regions  beyond  the  Hmits  within  which  corn  is  grown,  and  has  been 
and  still  can  be  a  pest  in  those  regions. 

For  the  purpose  of  tliis  bulletin  the  discussion  has  been  confined 
to  the  regions  in  which  the  authors  personally  made  observations, 
which  will  be  discussed  separately. 

MILLET 

Several  reports  in  the  Russian  literature  mention  the  fact  that 
the  com  borer  has  destructively  attacked  millet  (Panicum  sanguini) 
and  that  outside  the  corn-growing  area  in  Russia  the  insect  is  a 
continuous  inhabitant  of  this  plant,  doing  more  or  less  damage. 

A  series  of  counts  to  show  the  infestation  of  millet  were  made 
by  taking  a  group  of  stubble,  100  to  a  row,  the  initial  counts  being 
taken  about  a  yard  from  the  base  of  the  first  row  of  millet  stacks 
and  the  others  at  a  distance  of  a  pace  toward  the  next  row.  The 
average  of  the  coimts  taken  in  the  first  row  of  stubble  next  to  the 
stacks  showed  an  infestation  of  23.4  per  cent,  and  the  infestation  in 
the  other  rows  was  found  to  be  16.7,  7.5,  and  1.4  per  cent,  respec- 
tively. The  average  infestation  for  aU  stubble  in  the  counts  was 
10.3  per  cent.  Several  millet  stacks  were  Hfted  from  the  ground, 
but  no  lai'vae  were  discovered  in  the  stubble  underneath  them. 

During  the  season  of  1925  the  investigation  of  the  infestation  of 
millet  at  Mezohegyes  was  continued,  and  from  the  examination  of 
1,400  plants  an  average  stem  infestation  of  24.2  per  cent  was  foimd, 
with  a  larval  population  of  39  borers  per  100  plants.  This  was  the 
highest  infestation  observed  in  millet.  During  the  season  of  1926 
counts  taken  in  the  same  locaUty  showed  that  the  stem  infestation 
had  dropped  to  2.8  per  cent. 

In  the  season  of  1924  counts  were  made  at  Mezohegyes  in  a  35-acre 
field  of  millet  which  had  been  cut  for  about  a  week.  At  the  time  of 
observation  the  crop  was  being  carried  to  the  barns.  (PL  6,  A,  B.) 
Five  separate  counts  of  200  plants  were  made  in  each  of  the  seven 
rows,  or  a  total  of  7,000  plants,  from  which  the  average  infestation 
was  found  to  be  8.1  per  cent.  A  particularly  interesting  feature 
of  this  infestation  in  millet  was  that  immediately  after  the  stems 
were  cut  the  larvae  left  them  and  migrated  to  the  stubble,  the  latter 
being  2  or  3  inches  high  and  affording  the  larvae  excellent  quarters. 
This  migration  was  strikingly  evidenced  by  the  fact  that  near  the 
rows  of  stacks  the  stubble  in  many  spots  was  topped  by  fluffy 
white  balls  of  frass,  indicating  the  presence  of  the  larvae.  As  one 
walked  out  into  the« field  toward  another  row  of  stacks  the  quantity 
of  these  frass  balls  decreased;  their  presence  again  became  more 
marked  as  one  approached  the  next  row. 

Fields  of  millet  were  examined  in  other  sections  of  the  coimtry, 
but  the  infestation  found  was  very  slight.  The  results  of  counts 
made  during  the  season  of  1926  will  give  an  idea  concerning  the  insect's 
abundance  in  this  plant;  at  Szombathely,  one  plant  out  of  500  was 
infested;  at  Sz6kesfeh^rv§,r,  none  out  of  100  examined;  at  Nagy- 
kanizsa,  none  out  of  400  examined;  at  Bankiit,  1.8  per  cent;  and  at 
Szeged;  an  infestation  of  16.8  per  cent. 
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BROOMCORN 

Although  the  infestation  in  broomcorn  is  never  so  high  as  in  com, 
fields  have  been  examined  where  the  infestation  in  the  butts  attached 
to  the  cut  heads  was  so  high  that  exportation  of  the  heads  would  be 
dangerous  if  not  preceded  by  some  insecticidal  treatment. 

During  the  season  of  1924  two  areas  in  Hungary,  those  about 
Debrecen  and  Mezohegyes,  were  carefully  examined  for  data  on 
broomcorn  infestation.  The  average  infestation  for  the  first  region 
was  5.4  per  cent  of  the  plants,  with  an  average  infestation  of  less 
than  1  per  cent  of  the  heads  alone.  At  Mezohegyes  an  average 
infestation  w^as  found  of  17.3  per  cent  for  the  plants,  and  9.6  per  cent 
for  the  heads.  At  Bankut,  a  short  distance  from  Mezohegyes,  the 
broomcorn  was  found  to  have  29.9  per  cent  of  the  plants  infested, 
and  7.7  per  cent  of  the  heads.  The  maximum  infestation  of  broom- 
corn for  this  season  was  found  at  Bankut,  in  one  field  where  there  was 
an  average  infestation  of  54.8  per  cent  of  the  plants  and  16.4  per 
cent  of  the  heads. 

In  1925  these  investigations  were  continued,  and  at  Mezohegyes 
an  average  infestation  of  26.4  per  cent  was  found  in  broomcorn  plants. 
The  larval  population  in  100  plants  was  174,  while  in  the  cut  heads 
only  8  larvae  per  10  pieces  were  foimd.  At  Bankut  in  this  year  the 
infestation  was  26.4  per  cent  of  the  plants,  with  a  larval  population 
of  26  per  100  plants,  while  the  cut  heads  were  found  to  have  7  larvae 
per  100  pieces.  Counts  were  made  also  at  Mako,  near  Szeged,  dis- 
closing an  infestation  of  29.5  per  cent  of  the  plants  and  a  larval 
population  of  78  per  100  plants. 

The  infestation  of  1926  was  much  lighter  than  were  the  infesta- 
tions in  1925  and  1927;  at  Mezohegyes  only  4.3  per  cent  of  the  plants 
were  infested,  with  a  larval  population  of  5  per  100  plants.  No 
higher  infestation  than  this  was  found  in  Hungary  during  the  season. 
Counts  were  taken  in  Sombor,  Subotica,  and  Velika  KUvinda,  in 
Yugoslavia,  and  the  infestation  at  those  places  was  found  to  be  cor- 
respondingly low,  being  0.7  per  cent,  5.7  per  cent,  and  0.2  per  cent, 
respectively.  In  a  count  of  heads  made  at  Sombor  1.3  per  cent  were 
infested,  while  at  Subotica  the  average  infestation  was  3.2  per  cent. 
In  each  infested  tip  only  one  larva  was  found. 

An  examination  of  7,844  broomcorn  plants  in  the  central  European 
plains  in  1927  showed  that  0.88  per  cent  were  infested  with  an  average 
of  four  borers  per  100  plants,  and  that  0.96  per  cent  of  the  plants 
were  broken. 

Larvae  of  the  com  borer  may  be  found  throughout  the  area  where 
broomcom  is  grown,  but  the  infestation  is  generally  very  light. 
(PL  7,  A,  B.) 

HEMP 

Although  hemp  has  been  mentioned  repeatedly  in  the  Hterature 
as  one  of  the  oldest  host  plants  of  the  corn  borer,  it  is  rarely  found 
infested  at  the  present  time  in  the  central  European  plains.     (PI.  6,  C.) 

From  the  data  collected  during  the  four  seasons  of  investigation 
it  may  be  concluded  that  the  corn  borer  offers  no  hindrance  to  hemp 
cultivation.  The  highest  infestation  of  hemp  in  1924  to  1927,  in- 
clusive, was  observed  at  Mezohegyes,  Hungary,  in  1924.  The  data 
for  this  infestation  were  taken  on  September  27,  when  40  per  cent  of 
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PLATE  6 


A. — Field  of  millet  at  Mezohegyes,  Hungary. 
B.— Loading  millet  at  Mezohegyes. 
C— Mature  hemp  at  Mezohegyes. 
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PLATE  7 


A.— Broomcorn  near  Beregsas,  Czechoslovakia. 
B.— Broomcorn  at  B&nkut,  Hungary. 
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PLATE  8 


A,  B,  and  C— Scenes  near  Rakonitz,  in  the  hop  district  of  northern  Bohemia,  Czecho- 
slovakia 
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the  crop  had  already  been  cut  for  drying.  The  average  infestation, 
based  upon  counts  of  2,500  plants,  was  found  to  be  14.5  per  cent,  with 
a  larval  population  of  17  per  100  plants.  The  particular  field  where 
the  count  was  made  was  planted  with  female  hemp,  drilled  in  rows, 
and  later  thinned  to  4  or  5  inches  between  plants,  so  the  hemp  at  the 
time  of  maturity  appeared  hke  an  immense  growth  of  reeds.  The 
infestation  of  this  field  was  undoubtedly  an  exception,  since  no  other 
such  infestation  was  discovered.  Hemp  is  usually  planted  in  the 
first  week  of  April,  and  harvested  between  September  15  and  Septem- 
ber 25.  The  male  plant  matures  more  quickly  than  the  female,  and 
the  plants  of  this  sex  had  all  been  harvested  and  hauled  to  the  factory  a 
week  before  the  infestation  was  determined. 

In  1925  many  examinations  of  hemp  were  made,  the  highest  infes- 
tation, based  upon  an  examination  of  10,600  plants,  being  found 
again  at  Mezohegyes,  but  averaging  only  2.2  per  cent. 

In  1926  counts  of  hemp  were  made  in  Yugoslavia,  but  the  infesta- 
tion by  the  corn  borer  was  so  scattered  in  character  that  the  average 
for  the  area  would  be  even  less  than  one-half  of  1  per  cent.  These 
data  are  all  the  more  interesting  when  it  is  considered  that  they  were 
taken,  in  all  cases,  where  the  larval  population  in  corn  was  averaging 
from  700  to  1,300  borers  per  100  plants. 

HOPS 

Doctor  Jablonowski  states  in  his  manuscript  that  the  corn  borer 
was  very  dangerous  to  the  cultivation  of  hops  during  1879  and  1880 
in  Bohemia,  in  1886  in  Bavaria,  and  in  1893  in  Alsace.  The  notes 
concerning  the  outbreak  of  1879  in  Bohemia  are  striking  as  an  indi- 
cation of  the  intensity  of  the  attack.  In  the  heart  of  the  finest  hop- 
growing  region  of  that  country,  at  Rakonitz,  the  larvae  were  so 
abundant  that  the  harvest  for  that  season  was  entirely  useless,  and 
in  the  districts  of  Saaz,  Laun,  and  Podersam  every  hop  growler  suffered 
losses  from  the  ravages  of  the  insect.  The  larval  population  at  that 
time  may  be  appreciated  from  the  fact  that  from  15  to  30  borers 
were  found  in  each  vine.  Infestation  in  hops,  when  severe,  is  partic- 
ularly destructive,  owing  to  the  fact  that  even  two  or  three  borers  in 
a  vine  which  is  approaching  maturity,  i.  e.,  at  the  height  of  the 
blossoming  period,  so  weaken  it  that  the  blossoms  are  very  much 
reduced  in  size  and  poorly  formed,  and  many  fall  to  the  ground  before 
harvest. 

In  1925  a  trip  was  taken  throughout  this  region  in  Bohemia, 
where  formerly  the  insect  had  been  such  a  pest  to  the  hop  plant, 
and  the  important  centers  of  Domousi^e,  Roudnice,  and  Zatec 
(Saaz)  were  visited  on  August  8,  9,  and  10,  respectively,  just  at  the 
beginning  of  the  hop  harvest.  Many  fields  were  examined,  but 
only  23  larvae,  all  in  the  fifth  instar,  were  collected  for  the  entire 
area.     (PL  8.) 

VARIOUS    SORGHUMS 

At  the  time  of  a  visit  to  B^nkiit,  Hungary,  on  September  28, 
1924,  a  2-acre  field  of  fetcrita  was  examined  and  found  to  have 
an  infestation  of  3.0  per  cent,  with  an  average  population  of  1.1 
borers  per  plant.  None  of  the  plants  were  broken  over  as  a  result 
of  the  feeding  of  the  larvae  which  at  that  time  were  matiu'e,  although 
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in  one  stalk  three  borers  were  found.  At  the  time  the  feterita  was 
full-grown  and  the  seed  heads  were  drying,  the  injured  plants  in 
most  cases  could  be  recognized  by  their  undeveloped  heads. 

While  the  senior  writer  was  at  Temerin,  Yugoslavia,  on  September 
9,  1925,  an  opportunity  was  given  him  to  inspect  a  3-acre  planting 
of  kafir  com  on  the  estate  of  Mr.  Popovitch.  The  planting  was- 
still  green,  and  just  beginning  to  mature.  Several  hundred  plants 
were  examined,  and  only  one  stalk  was  found  infested.  The  corn 
in  this  locality  averaged  over  95  per  cent  in  plant  infestation,  with 
980  larvae  per  100  plants.  Practically  no  sorghum  is  grown  on  a 
commercial  scale  anywhere  in  the  central  European  plains,  although 
it  is  planted  occasionally  for  experimental  purposes. 

Considerable  effort  was  expended  in  1926  to  discern  possible 
sorghum  plantings  through  the  ministries  of  agriculture  of  Czecho- 
slovakia, Hungary,  and  Yugoslavia,  in  order  that  data  might  be 
collected  showing  the  relation  of  the  insect  to  the  culture  of  this 
crop.     In  no  case  was  any  information  available  on  the  subject. 

During  the  course  of  the  scouting  trip  which  the  junior  writer 
made  through  Czechoslovakia  in  the  sunomer  of  1926,  he  was  able 
to  make  a  count  of  infestation  in  a  species  of  sorghum  at  Bratislava. 
This  sorghum  was  locally  laiown  as  '' Indian  millet,"  or  ''red  sor- 
ghum," but  its  scientific  name  was  not  available.  It  had  been  im- 
ported from  Russia,  and  experiments  were  being  carried  on  in  this 
region  to  determine  its  suitability  as  a  fodder  plant.  In  a  plat 
approximately  160  feet  long  and  6  feet  wide  1,000  cut  stalks  were 
carefully  examined,  and  4  were  found  to  be  infested  by  the  borer. 
The  stubble  left  in  the  field  ranged  from  6  to  8  inches  in  height,  and 
in  an  examination  of  1,000  of  them  12  were  found  to  have  been  in- 
fested, 4  of  which  contained  live  larvae.  The  com  in  the  same 
locality  had  an  infestation  of  17  per  cent. 

In  addition  to  the  information  obtained  from  the  experimental 
plantings,  an  examination  of  1,500  sorgo  plants  in  Sz6kesfehervar^ 
Hungary,  in  1927,  showed  a  1  per  cent  infestation  by  the  borer, 
with  a  larval  population  of  1  borer  per  100  plants.  A  count  of  1,000 
plants  in  a  5-acre  field  of  feterita,  7  feet  high,  located  near  Cegled, 
Hungary,  showed  no  infestation. 

With  the  exception  of  these  chance  observations,  very  Uttle  infor- 
mation could  be  collected  in  central  Europe  concerning  the  advisa- 
bihty  of  planting  sorghum  instead  of  corn  as  a  fodder  crop.  From  the 
standpoint  of  the  North  American  farmer  this  substitution  may 
become  an  important  move  in  the  fight  against  the  ravages  of  the 
corn  borer,  and  it  therefore  seemed  ad^dsable  to  start  experimental 
plantings  in  various  regions  in  the  central  European  plains.  This 
was  done,  and  the  data  obtained  from  such  plantings  in  1927  are 
discussed  on  page  39. 

MISCELLANEOUS    PLANTS 

During  the  four  years  of  investigation  extensive  counts  were  made 
in  other  crops  of  economic  importance  such  as  tobacco,  potatoes, 
beans,  beet  tops,  oats,  wheat,  and  barley,  but  no  infestation  was 
discovered  in  any  of  them. 
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WEEDS  AND  OTHER  PLANTS  NOT  ECONOMICALLY  IMPORTANT 

Throughout  the  four  seasons  in  which  the  present  investigation 
was  conducted  the  status  of  the  com  borer  in  various  common  weeds 
was  observed  when  practicable.  The  infestation  of  all  such  weeds 
has  an  important  relation  to  the  effectiveness  of  any  clean-up  cam- 
paign that  might  be  instituted. 

In  1924,  in  the  area  where  the  infestation  of  com  averaged  more 
than  50  per  cent,  examinations  were  made  of  species  of  Amaranthus, 
Chenopodium,  Ambrosia,  thistle,  Rumex,  and  Echinochloa.  The 
only  infestation  found  in  these  was  in  a  species  of  Echinochloa  grow- 
ing in  a  field  of  heavily  infested  com,  of  the  "  peasant's-field "  type, 
just  outside  the  town  of  Nagykanizsa,  in  Hungary.  The  field  of  com 
was  thickly  growTi  up  with  this  species,  and  in  an  examination  of 
1,000  stems  92  were  found  to  be  infested,  with  one  borer  to  the  stem. 
In  the  central  Eiu-opean  plains,  at  the  time  of  maximum  oviposition, 
the  common  weeds  are  not  so  attractive  to  the  borer  as  is  the  com. 
For  example,  when  observations  were  made  at  Debrecen  on  June  10 
and  11,  1924,  Amaranthus  and  Chenopodium  were  only  about  4 
inches  high,  whereas  corn  had  attained  a  growth  of  about  18  inches. 

With  the  progressive  increase  of  the  infestation  in  com  in  1925 
and  1926  the  infestation  in  several  of  the  common  weeds  likewise  in- 
creased. Counts  made  at  Mezohegyes,  Hungary,  on  October  9, 
1925,  showed  that  5  per  cent  of  the  stems  of  1,400  plants  of  Amaran- 
thus, all  growing  in  a  heavily  infested  cornfield,  were  infested,  and 
that  on  an  average  there  were  3.9  larvae  per  100  stems.  At  the  same 
time  1,000  plants  of  Solanum  nigrum  were  examined,  of  which  3.5 
per  cent  were  found  to  be  infested,  with  an  average  of  3.2  larvae  per 
100  plants.  In  the  same  locality  many  stems  of  Xanthium  and  Echin- 
ochloa were  examined,  but  no  infestation  was  found. 

On  a  visit  to  Temerin,  in  Yugoslavia,  on  September  6,  1925,  the 
senior  writer  observed  a  25-acre  field  of  heavily  infested  dent  com 
entirely  surrounded  by  thick  clumps  of  a  species  of  Xanthium, 
the  plants  of  which  were  fairly  mature.  One  hundred  per  cent 
of  the  plants  of  com  were  infested,  with  a  larval  population  of  980 
borers  per  100  plants.  Two  hundred  plants  of  Xanthium  were  in- 
spected, of  which  82  per  cent  were  found  to  be  infested;  with  an 
average  of  7.4  borers  per  plant.  In  the  same  field  a  quantity  of  a 
grass  belonging  to  the  genus  Echinochloa  was  examined,  and  5.5  per 
cent  of  the  stems  were  found  infested,  with  an  average  of  1  borer 
per  infested  plant.  It  is  the  opinion  of  the  writers  that  this  heavy 
infestation  of  weeds  was  due  solely  to  direct  migration  from  the 
com;  regardless  of  this  fact,  so  intense  an  infestation  points  out 
the  necessity  for  extreme  care  in  clean-up  measures  undertaken 
even  in  a  one-generation  area. 

The  further  increase  in  the  infestation  in  corn  in  the  season  of 
1926  was  followed  by  an  infestation  in  weeds  which  became  still 
more  marked.  Counts  made  in  Amaranthus  in  the  Mezohegyes, 
Hungary,  district,  on  August  26,  1926,  showed  that  18.3  per  cent 
of  the  plants  were  infested,  while  at  Kaposv&r,  Hungary,  from 
which  no  record  of  infestation  in  weeds  had  previously  been  re- 

?orted,   there  was  an  infestation  of   12   per  cent  in  Amaranthus. 
'he  spread  of  the  infestation  during  this  season  in  Echinochloa 
was  even  more  interesting;  the  infestation  at  Gyor  was  3.5  per 
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cent;  at  Nagykanizsa,  3.8;  at  Szolnok,  2.5;  at  B^k^scsaba,  0.6;  and 
at  Mezohegyes,  7.4  per  cent. 

In  September,  1926,  counts  of  weeds  were  made  in  Yugoslavia. 
In  Echinochloa  an  infestation  of  16.6  per  cent  was  found  on  Sep- 
tember 10,  at  Velika  Kikinda;  of  17  per  cent  at  Senta,  on  the 
11th;  of  7.8  per  cent  at  Sombor,  on  the  14th;  and  of  7.5  per  cent 
at  Subotica,  on  the  17th.  In  Amaranthus  an  infestation  of  8  per 
cent  was  found  on  September  9,  at  Velika  Kil^inda;  of  18.7  per  cent 
at  Senta,  on  the  11th;  and  of  15.5  per  cent  at  Subotica, .on  the  12th. 
In  Chenopodimn  an  infestation  of  11  per  cent  was  foimd  at  Velika 
Kikinda  on  September  9,  and  one  of  1  per  cent  at  Subotica  on  the 
12th.  At  Subotica,  on  the  12th,  also,  an  examination  of  Xan- 
thium  was  made  but  no  infestation  was  found.  Temerin,  where 
a  heavy  infestation  occurred  in  the  previous  year,  was  not  visited. 
At  Subotica  a  heavy  growth  of  Polygonum  was  examined,  but  no 
infestation  was  found. 

In  1927  a  few  examinations  of  weeds  were  made,  which  may  be 
summarized  by  saying  that  3,670  plants  of  Echinochloa  were  exam- 
ined, of  which  1.4  per  cent  were  found  infested,  having  8.4  borers 
per  100  plants;  of  1,420  plants  of  Amaranthus  examined,  1.5  per 
cent  were  found  infested,  with  6  borers  per  100  plants;  of  240  plants 
of  Polygonum  examined,  1.7  per  cent  were  infested.  No  infestation 
of  weeds  has  been  observed  in  the  central  European  plains  except  in 
close  proximity  to  corn. 

NATURAL  ENEMIES 

PARASITES 

A  study  of  the  distribution  and  abundance  of  parasites  of  the  com 
borer  in  the  central  European  plains  has  been  carried  on  for  four 
years  in  connection  with  the  collection  of  other  data,  and  has  included 
field  notes  taken  in  connection  with  various  observations,  and  infor- 
mation gained  from  laboratory  dissections  of  host  larvae.  During 
the  spring  and  summer  of  1924  a  total  of  4,400  host  specimens  were 
observed  in  the  field.  In  1925  this  number  was  increased  to  15,025, 
in  1926  to  29,840,  and  in  1927  to  36,876.  Laboratory  dissections  of 
6,516  borers  were  made  in  1926,  and  of  4,911  in  1927.  In  the  deter- 
mination of  parasitism  by  a  species  of  Trichogramma  5,983  eggs  of 
the  borer  were  examined  in  1926  and  10,375  in  1927. 

In  the  central  European  plains  only  three  principal  parasites  of 
the  com  borer  are  commonly  encountered  in  the  collection  of  field 
data.  These  consist  of  Masicera  senilis  Rond.,  a  tachinid,  and  two 
hymenopterons,  Eulimneria  crassijemur  Thorn,  and  Microhracon 
hremcornis  Wesm.  Records  show  definitely  the  presence  of  all 
three  species  in  southern  Czechoslovakia,  Hungary,  and  northern 
Yugoslavia;  Masicera  senilis  Rond.  occurs  in  southern  Yugoslavia, 
Rumania,  and  Baden,  Germany,  and  Microhracon  hreiyicornis  Wesm. 
in  southern  Yugoslavia.  The  other  hymenopteron,  E.  crassijemur 
Thom.,  has  also  been  recorded  from  Rumania  and  Baden. 

Besides  these  more  important  parasites,  a  species  of  Trichogramma 
commonly  attacks  the  eggs  of  the  corn  borer  in  Hungary  and  northern 
Yugoslavia.  Diodes  punctoria  Roman  parasitizes  a  very  small  per- 
centage of  the  larvae  occurring  in  these  two  regions,  and  a  species  of 
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Eulophus  has  been  observed  occasionallv  in  southern  Czechoslovakia. 
Another  tachinid,  Zenillm  roseanae  B.  B.,  has  been  recorded  from  the 
Dalmatian  coast  of  Yugoslavia. 

The  degree  of  parasitism  by  any  one  species,  or  by  all  of  them, 
varies  considerably  in  different  localities  and  even  in  various  fields 
of  the  same  locality.  Table  8  lists  by  region  the  average  parasitism 
by  the  three  chief  species,  and  the  maximum  by  locality  observed  in 
1923  to  1927,  inclusive. 

Table  8. — Parasitism  of  the  European  corn  borer  hy  its  three  principal  parasites 
in  the  central  European  plains,  as  observed  in  192^-1927 

SOUTHERN  CZECHOSLOVAKIA 


Year 

Parasitism  by 

- 

Eulimneria 
crassifemur 

Masicera 
senilis 

Microbra- 

con  brevi- 

cornis 

Total 
parasitism 

1926                                              - - 

4.3 
1.3 

0.0 
0.4 

3.3 
10.6 

7.G 

1927                 

12.3 

Average 

2.8 

0.2 

7.0 

10.0 

HUNGARY 


1923  1                                   --- - 

2.3 
3.0 
0.7 
3.3 

4.5 

19.6 
6.7 
1.7 
1.6 
3.6 

21.8 

1924                                                  _.. 

3.1 
1.4 
0.2 
0.8 

12.8 

1925                            - -- 

3.8 

1926                                              --- - - 

6.1 

1927 

8.8 

Averftge 

2.8 

1.4 

6.6 

10.8 

NORTHERN  YUGOSLAVIA 


1925                              -- 

1.2 
13.2 
12.2 

0.7 
0.03 
1.1 

3.2 
6.4 
11.9 

5.1 

1926                                                                 

19.6 

1927 - 

25.2 

Average                                    -                     -      - 

8.9 

0.6 

7.2 

16.7 

MAXIMUM  PARASITISM  IN  ANY  SINGLE  TOWNSHIP 


1924                                       

24.5 
10.0 
22.3 
25.9 

11.4 
7.7 
0.9 
6.0 

35.8 
32.5 
4.5 
17.9 

37.8 

1925 - 

33.2 

1926 

26.8 

1927                                                                               -  .       -  . 

41  8 

MftTiTTHim  for  thft  four  ynars 

25.9 

11.4 

35.8 

41.8 

'  Collections  made  from  cornstalks  of  1923  in  the  early  spring  of  1924.    The  specimens  found  are  properly 
credited  to  the  1923  generation. 

Since  no  intensive  biological  study  has  been  made  of  these  parasites 
as  they  exist  in  this  region,  some  brief  statements  relative  to  their 
seasonal  history  are  here  presented,  based  upon  field  data  and  in- 
fonnation  already  gathered  b^  other  workers. 

Masicera  senilis  Kond.,  as  m  other  regions  of  its  occurrence,  prob- 
ably overwinters  as  a  second-stage  larva  within  the  body  of  its  host, 
both  pupation  and  emergence  taking  place  m  the  early  spring.  The 
finding  m  1926  of  two  live  puparia  of  this  parasite  on  August  21  and 
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of  another  on  August  27  would  indicate  the  possibility  of  at  least  a 
partial  second  generation  in  central  Europe. 

Eulimneria  crassifemur  Thorn,  normally  has  but  one  generation 
in  central  Europe.  The  parasite  overwinters  in  the  larval  stage 
within  its  cocoon  and  emerges  early  in  the  following  spring.  As 
soon  as  corn-borer  larvae  of  sufficient  size  make  their  appearance  in 
the  field  the  females  begin  depositing  eggs  within  their  bodies.  De- 
velopment of  the  parasite  larva  within  the  body  of  its  host  appears  to 
take  place  very  slowly  during  the  summer  months,  the  spinning  of 
cocoons  not  occurring  until  late  in  the  fall. 

It  is  W.  R.  Thompson's  opinion  that  the  detailed  data  at  hand  are 
indicative  of  the  occurrence  of  a  true  rest  period  in  the  first-stage 
larvae. 

Colonies  of  Microhracon  hrevicornis  Wesm.  are  found  early  in  the 
spring  in  overwintered  cornstalks,  and  during  most  of  the  summer  in 
growing  corn.  The  chief  value  of  the  field  data  on  Microbracon  lies 
in  the  demonstration  of  the  continuous  presence  of  this  parasite 
throughout  the  developmental  season  of  the  borer. 

It  is  a  generally  accepted  opinion  that  the  adults  overwinter,  al- 
though there  is  a  possibility  that  the  species  also  hibernates  in  the 
larval  stage  within  spun-up  cocoons. 

The  females  are  often  abundant  and  deposit  their  eggs  upon  over- 
wintered host  larvae  by  the  middle  of  April.  At  least  two  generations 
are  completed  before  the  elimination  of  the  host  by  pupation.  The 
parasites  in  their  development  pass  directly  from  the  overwintering 
host  to  the  growing  larvae  of  the  summer  season,  and  the  generations 
so  overlap  that  it  is  difficult  to  define  their  exact  limits. 

Microhracon  hrevicornis  is  usually  most  plentiful  in  locaHties  where 
it  is  a  common  practice  to  stack  old  stalks  in  large  piles.  As  it  is 
known  that  the  parasite  is  most  effective  at  a  time  when  all  such 
stalks  should  be  out  of  the  way,  the  practice  lessens  the  possibility 
of  making  this  species  effective  by  artificial  colonization. 

Observations  have  been  made  upon  the  presence  of  Qgg  parasites, 
but  a  really  satisfactory  survey  is  impossible,  owing  to  the  lack  of 
time  necessary  for  the  proper  handling  of  the  host  eggs  collected  in 
the  field.  In  Hungary  during  the  season  of  1926  a  total  of  418  Qgg 
masses  were  collected  from  eight  widely  separated  localities,  and  the 
presence  of  a  species  of  Trichogramma  was  indicated  in  Gyor  in  the 
northwest,  and  Nagykanizsa  in  the  southwest,  and  164  adults  were 
bred  from  20  host  egg  clusters  collected  in  P^cs,  in  the  south-central 
portion  of  Hungary.  In  the  Yugoslavian  territory  363  clusters, 
comprising  5,983  eggs,  were  collected;  from  these  15  Trichogramma 
adults  were  bred,  the  material  originating  in  the  town  of  Stari  Be6ej. 

These  observations  were  continued  in  1927  in  both  Hungary  and 
Yugoslavia.  In  10  townships  an  average  of  more  than  20  per  cent 
of  the  eggs  of  Pyrausta  nuhilalis  were  destroyed  by  a  species  of  Tricho- 
gramma, and  5  other  townships  showed  an  average  parasitism  of 
more  than  30  per  cent.  With  the  exception  of  only  2  townships,  this 
parasitism  occurred  in  the  center  of  the  corn  belt. 

During  the  season  of  1924  Melittohia  acasta  Wlk.,  a  parasite  of 
Eulimneria  crassifemur  Thom.,  was  bred  from  material  collected  at 
Mezohegyes,  in  the  southeastern  section  of  Hungary.  This  is  the 
only  record  of  a  hyperparasite  obtained  during  the  4-year  period  of 
investigation. 
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Routine  collection  of  field  data  on  the  parasites,  in  connection  with 
the  other  phases  of  the  project,  is  essential  to  the  proper  evaluation 
of  this  biolo^cal  factor  in  the  reduction  of  larval  population.  It 
should  be  pomted  out,  however,  that  much  field  information  exists 
regarding  the  distribution  and  intensity  of  parasitism  by  the  chief 
species  of  parasites  in  the  central  European  plains,  but  lack  of  space 
excludes  it  from  this  publication.  The  data  referred  to  will  be  dis- 
cussed in  a  paper  particularly  dealing  with  this  subject. 

DISEASE 

Although  thousands  of  corn-borer  larvae  have  been  observed  in 
many  locahties  during  the  four  years  of  investigation,  no  widespread 
mortahty  that  could  be  traced  primarily  to  disease  has  been  observed. 
It  is  the  opinion  of  the  writers  that  the  reduction  of  numbers  by  dis- 
ease in  the  natural  control  of  the  insect  is  of  minor  importance  when 
compared  with  the  operation  of  other  factors. 

Several  observations  on  disease  as  a  factor  in  control  are  among  the 
field  data,  however,  and  illustrate  the  general  condition.  In  August, 
1925,  an  assistant  made  observations  on  a  disease  which  lolled  an 
average  of  20  per  cent  of  the  corn-borer  larvae  in  five  fields  in  the 
vicinity  of  the  town  of  HorgoS  (in  northern  Yugoslavia),  one  field  hav- 
ing from  this  cause  a  mortality  of  50  per  cent.  This,  however,  is  the 
omy  instance  of  prevalent  disease  of  the  corn  borer  observed  in  this 
work,  and  one  ordinarily  finds  only  an  occasional  larva  killed  by 
disease. 

At  Gherghita,  in  Rumania,  the  senior  writer  observed  numerous 
dead  overwintering  larvae  which  were  quite  dry  and  covered  with 
a  fungus;  but  it  is  not  known  that  disease  was  the  actual  cause  of 
death. 

OTHER  NATURAL  ENEMIES' 

No  enemies  of  the  corn  borer  other  than  those  mentioned  have 
been  recorded  in  sufiicient  numbers  to  be  classed  as  effective  means  of 
fighting  the  borer. 

The  junior  writer,  in  the  course  of  field  obs^vations  in  Velika 
Kikinda  on  June  13,  1926,  observed  numerous  sparrows  feeding  upon 
the  larvae  and  pupae  of  the  corn  borer  in  old  cornstalks.  Large 
flocks  of  these  small  birds  are  frequently  observed  flying  about  corn 
stacks,  and  undoubtedly  numerous  larvae  are  destroyed  by  them. 

Doctor  Jablonowski,  in  his  manuscript  heretofore  cited,^  remarks 
that  Doctor  Bako  has  seen  the  chimney  swallow  (Hirundo  rustica) 
capture  the  adult  of  Pyrausta  nuhilalis,  but  the  reduction  of  numbers 
in  this  manner  is  not  important.  The  possibility  is  also  recorded 
that  the  rook  (Carons  frugilegus)  accounts  for  the  destruction  of 
a  certain  number  of  the  adults,  and  for  some  of  the  larvae  remaining 
in  the  stubble  and  scattered  remnants  of  corn  upon  the  fields.  There 
are  undoubtedly  other  natural  enemies  of  the  insect  of  more  or 
less  importance,  but  they  are  to  be  noted  only  by  chance  obser- 
vation. 


*  Jablonowski,  J.  Op,  cit. 
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CONTROL 

The  history  of  control  work  against  the  corn  borer  in  the  central 
European  plains  is  chiefly  that  of  isolated  attempts  of  large  growers 
to  combat  the  insect  by  burning  the  crop  remnants  or  feeding  them 
to  stock.  In  all  this  area  of  fairly  high  infestation  there  is  no  real 
conscious  program  of  repressive  measures  against  the  insect,  although 
on  the  occasion  of  several  bad  outbreaks  in  the  past  the  Govern- 
ment has  issued  edicts  making  obHgatory  the  taking  of  precaution- 
ary measures.  There  are,  however,  imintentional  checks  upon  the 
abundance  of  the  insect,  as  is  shown  by  the  lighter  infestation  in 
certain  regions  where  the  culture  is  particularly  clean  and  system- 
atized, in  marked  contrast  to  the  infestation  in  areas  where  the 
stalks  are  left  to  collect  from  year  to  year.  The  latter  procedure, 
however,  is  sometimes  necessitated,  particularly  in  the  center  of  the 
corn  belt,  by  the  lack  of  fuel  and  in  cases  where  the  old  stalks  are 
used  as  a  substitute  for  straw  or  wood. 

In  1897  Jablonowski  recommended  as  a  measure  of  control  the 
burning  of  the  stalks  and  crop  debris.  Again,  in  1898,  after  the 
outbreak  of  1897,  he  issued  a  paper  (4)  giving  a  full  account  of  the 
damage  caused  by  the  corn  borer,  recommending  great  effort  to 
get  rid  of  all  unused  portions  of  the  corn  plant  before  March  of 
the  following  spring  and  pointing  out  the  necessity  of  removing 
and  burning  both  the  stubble  and  the  cobs.  In  1916  the  insect 
again  became  so  serious  that  it  attracted  the  attention  of  every 
agriculturist  in  the  country;  and  consequently  the  Hungarian  Gov- 
ernment issued  an  edict  on  February  26,  1917,  making  it  obligatory 
for  each  municipality  to  see  that  certain  measures  recommended 
were  taken  to  control  the  pest.  In  brief,  this  edict  carried  the 
following  provisions: 

Cornstalks,  cobs,  and  stubble  were  to  be  destroyed  bj^  being  fed  to  stock, 
being  used  as  silage  or  compost,  or  by  being  burned  before  April  of  the  following 
year. 

If,  upon  formal  notice,  this  edict  should  not  be  obeyed,  the  work  was  to  be 
done  by  the  officials  and  the  expense  charged  to  the  owner. 

Fines  and  imprisonment  were  prescribed  for  continual  evasion,  but  these  pen- 
alties did  not  preclude  *the  necessity  of  carrying  out  the  precautionary  measures. 

No  data  are  available  on  the  results  obtained  by  this  edict,  nor  as 
to  how  systematically  it  may  have  been  enforced.  However,  the 
probable  efficiency  of  such  methods  may  be  judged  when  one  takes 
into  account  the  fact  that  even  to-day  the  farmers  refuse  to  see  the 
damage  done  by  the  corn  borer,  and  usually  ascribe  it  to  an  ''act  of 
God."  The  writers  had  an  opportunity  during  the  seasons  of  1926 
and  1927  to  observe  the  effectiveness  of  such  a  measure,  when  the 
edict  of  1917  was  renewed  at  the  beginning  of  1926,  on  account  of  the 
increase  of  the  insect  in  1924  and  1925.  Although  the  writers  covered 
the  entire  country  of  Hungary  in  their  travel  in  the  course  of  these 
seasons,  not  a  single  instance  of  township-wide  clean-up  was  noted. 
Up  to  the  present  time  very  little  information  has  been  gained  con- 
cerning the  real  effectiveness  of  clean-up  measures  in  reducing  the 
intensity  of  infestation  in  the  native  home  of  the  insect;  and  in  order 
to  fonnulate  theories  concerning  the  checks  operating  to  control  the 
pest  field  observations  tending  to  show  what  natural  factors  are  in 
operation  must  be  rehed  upon.     The  important  factors  will  next  be 


Tech.  Bui.   135.  U.  S.  Dept.  of  Agriculture 


PLATE  9 


A.— Scene  on  the  Ilunparian  plain  near  Mczohegyes. 
B.— Typical  piles  of  old  cornstalks  at  Mezohegyes. 

large  estates  in  the  center  of  the  corn  belt. 
C— Family  cornstalk  reserve  near  Budapest. 


Such  piles  are  to  be  found  on  the 
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discussed,  but  it  should  clearly  be  realized  that  any  evidence  here 
offered  as  to  the  effectiveness  of  any  natural  factor  is  not  by  any 
means  conclusive;  the  available  data  are  too  scarce,  and  the  results 
of  four  seasons  of  investigation  do  not  offer  a  possibility  for  the  study 
of  the  large  series  of  both  supernormal  and  subnonnal  fluctuations 
that  would  be  required  as  a  basis  for  reliable  conclusions. 

AGRICULTURAL  PRACTICE 

CROP  DISPOSAL 

As  previously  stated,  no  widespread  attempt  at  systematic  clean- 
up of  corn  remnants,  or  at  cultural  practice  to  control  the  insect, 
was  observed  in  the  central  European  plains.  In  1926  and  1927  this 
was  also  true,  although  the  edict  making  obligatoi'V  the  destruction 
of  old  stalks  was  revived  and  more  rigidly  enforced.  The  failure  of 
this  edict  to  control  the  insect  in  the  large  corn-growing  areas  may  be 
largely  explained  by  the  fact  that  throughout  this  practically  treeless 
region  the  dried  stalks  have  an  immense  value  as  fuel  and  as  a  sub- 
stitute for  wood  for  farm  use.  Another  cause  of  failure  lay  in  the 
fact  that  no  great  effort  was  made  to  have  the  prescribed  measures 
enforced.  Many  large  growers  are  careful  to  keep  their  fields  clean 
and  to  see  that  the  crop  remnants  are  disposed  of  before  the  following 
spring,  but  these  cases  are  so  isolated  in  any  one  region  that  any 
resulting  reduction  of  the  pest  would  be  difficult  to  evaluate.  Owing 
to  the  lack  of  positive  information  the  data  collected  during  the  past 
seasons  can  be  rehed  upon  only  to  furnish  indications  of  uncertain 
value. 

As  one  travels  from  the  center  of  the  corn-producing  region  under 
discussion,  where  are  such  heavily  infested  localities  as  Velilva 
Kikinda,  Veliki  Be6kerek,  and  Senta,  all  in  Yugoslavia,  and  Mezo- 
hegyes,  in  southern  Hungary  (pi.  9,  A,  B,  C),  to  the  northwestern 
area  of  considerably  lighter  infestations  near  Gyor,  Kapuvar,  Ko- 
marom,  and  Papa  in  the  northwestern  part  of  Hungary,  one  is  led 
to  believe  that  one  of  the  factors  controlling  the  difference  in  larval 
population  between  the  two  areas  is  that  of  prevailing  agricultural 
practice.  In  the  southern  area  the  nondisposal  of  remnants  of 
the  com  crops  offers  an  excellent  opportunity,  year  after  year, 
for  the  insect  to  reestablish  itself  in  considerable  numbers.  On 
the  other  hand,  in  the  northwestern  area  clean  culture  and  the  dis- 
posal of  com  debris  are  matters  of  farm  routine,  not  primarily  for 
the  control  of  the  insect  but  because  the  type  of  agriculture  is  more 
diversified  and  the  farmer  wants  his  land  clean  for  the  crop  that 
is  to  follow.  It  has  been  the  writers'  experience  every  spring  in 
which  observations  have  been  made  in  this  area  that  old  stalkc 
were  extremely  difficult  to  find,  particularly  at  the  town  of  Papa, 
where  a  whole  day  was  often  required  to  obtain  material  upon  which 
to  base  a  satisfactory  life-history  count.  It  must  be  remembered, 
however,  that  this  area  does  not  contain  nearly  so  much  land  planted 
to  com  as  does  the  southern  area,  and  this  difference  must  be  con- 
sidered in  describing  the  cause  of  the  diminished  infestation  observed 
toward  the  northern  limit  of  com  production  in  central  Europe. 

To  emphasize  the  authors'  opinion  that  organized  clean-up  of 
debris  of  the  com  crop  should  be  the  main  feature  of  the  effort  towaxd 
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control,  the  unquestioned  success  of  the  clean-up  in  1927  in  reducing 
larval  population  in  Baden,  Germany,  is  here  mentioned. 

Under  the  direction  of  Dr.  W.  Zwolfer,  of  the  Baden  Agricultural 
Chamber's  Plant  Breeding  Experiment  Station,  Rastatt,  Baden, 
the  town  of  Baden  and  its  environs  were  thoroughly  cleaned  up 
before  the  spring  of  1927.  Following  the  trend  of  1925  and  1926, 
an  increase  in  infestation  would  have  been  expected  in  1927  in  the 
Baden  region.  In  that  year  warm  nights  during  the  oviposition 
period  and  waiTQ,  humid  weather  during  the  presence  of  the  earlier 
instars  were  unusually  favorable  for  larval  development,  and  an 
increase  in  infestation  throughout  the  province  was  indicated.  A 
survey  from  August  to  September,  comprising  19  townships  dis- 
tributed from  the  north  to  the  south  of  Baden,  revealed  that  Ras- 
tatt stood  alone  with  a  reduced  larval  population  in  comparison 
with  that  of  1926. 

This  reduction  is  all  the  more  stril^ing  in  view  of  the  fact  that 
in  1927  in  the  other  localities  of  Baden  there  was  an  average  of 
700  per  cent  increase  in  infestation  over  that  of  1926.  The  year 
1927  was  an  exceptionally  favorable  year  for  the  larval  establish- 
ment, and  Rastatt  Township  undoubtedly  would  have  shown  a 
corresponding  result  had  not  the  control  program  effected  a  reduction 
of  86  per  cent. 

As  pointed  out,  although  the  data  are  not  sufficient  as  yet  to 
determine  the  effect  of  clean-up  work  upon  the  annual  establish- 
ment of  the  larvae  in  the  various  years,  they  do  show  the  tremendous 
importance  of  a  well-organized  clean-up  as  an  efficient  repressive 
measure. 

CONCENTRATION  OF  HOST  PLANT 

The  regions  in  the  central  European  plains  which  support  heavy 
larval  populations  are  generally  those  which  have  the  greatest  per- 
centage of  land  devoted  to  the  culture  of  com,  and  hence,  as  a  con- 
comitant, have  large  quantities  of  crop  debris. 

Concentration  of  the  host  plant  only,  however,  does  not  necessarily 
indicate  an  area  of  heavy  infestation,  nor  is  the  reverse  true  in  all 
cases.  An  illustration  of  this  fact  is  shown  by  the  conditions  present 
in  the  Wallachian  Steppe  of  Rumania,  where,  notwithstanding  the 
heavy  concentration  of  com  and  the  large  quantities  of  crop  dibris, 
the  com  borer  is  not  an  economic  factor.  In  this  case  climate  seems 
to  be  the  limiting  factor. 

Another  striking  case  of  unlimited  host  material  but  low  larval 
population,  due  in  this  instance  to  a  change  of  agricultural  practice, 
is  found  in  the  hop-growing  districts  of  Bohemia,  in  northwestern 
Czechoslovakia.  In  the  course  of  many  conversations  with  experi- 
enced hop  growers  the  writers  found  it  to  be  the  general  opinion  that 
the  gradual  change  from  the  old  method  of  cultivation,  with  the  use 
of  wooden  poles,  to  the  later  method,  in  which  wire  supports  are  util- 
ized, had  much  to  do  with  the  elimination  of  the  insect  as  an  economic 
factor.  There  has  not  been  an  unusual  appearance  of  the  insect  in 
those  districts  for  the  last  20  years.  During  the  interval  from  1828 
to  1890,  inclusive,  the  corn  borer  was  considered  the  most  serious 
enemy  of  the  hop  plant.  After  that  time  the  system  of  wire  supports 
for  the  vines  came  into  use  throughout  the  area.     (PI.  10.) 

With  this  change  of  system  the  clean-up  after  harvest  became  more 
thorough,  as  the  vines  could  be  very  easily  stripped  from  the  wires, 


THE  CORN  BORER  IN  CENTRA.L  EUROPE  39 

carried  to  a  convenient  spot,  and  burned  before  the  next  spring.  To 
a  certain  extent,  also,  this  method  did  away  with  available  places  for 
the  hibernation  of  the  larvae,  which  formerly  migrated  from  the  stalks 
to  the  crevices  in  the  wooden  poles  previously  used  for  supports. 
Probably  a  third  factor  in  the  elimination  of  the  pest  was  the  more 
general  use  of  commercial  fertilizers,  which  followed  the  introduction 
of  the  supporting  wires,  and  which  many  growers  believe  are  instru- 
mental in  killing  the  stray  larvae  that  might  overwinter  in  crevices 
in  the  soil  at  the  base  of  the  vine  and  in  destroying  those  remaining 
in  the  stubble,  which  is  from  2  to  3  inches  high. 

The  conditions  in  this  region  also  hold  true  for  the  more  southerly 
areas  of  hop  culture  such  as  are  found  in  the  vicinity  of  Mohacs, 
Hungary,  where,  in  1925,  a  large  area  of  hop  culture  was  inspected 
and  no  infestation  was  found. 

Concentration  of  a  favored  host  plant  no  doubt  plays  its  part  in 
the  production  of  various  intensities  of  infestation  by  the  com  borer, 
but  to  express  the  value  of  this  factor  in  quantitative  terms  is  at 
present  impossible.  Such  concentration,  coupled  with  an  increase  in 
sheltering  debris,  is  an  important  factor  in  causing  correspondingly 
higher  larval  population  in  certain  environments.  This  fact  is  illus- 
trated by  the  steady  increase  in  numbers  of  the  borer  in  the  State  of 
Baden,  in  Germanv.  Grain  corn  in  this  region  was  practically  un- 
known commercially  or  agriculturally  before  1920.  From  that  year 
until  1922  there  was  a  rapid  increase  in  the  number  of  acres  devoted 
to  corn  growing,  and  in  1922  the  corn  borer  was  first  noted  as  a  pest. 
The  areas  planted  to  corn  continued  to  be  augmented,  and  the  borer 
population  steadily  followed;  in  1925  the  borer  reached  the  propor- 
tions of  a  future  menace  to  the  crop.  This  increase  continued  the 
next  year,  and  in  1927  the  most  striking  widespread  advance  occurred 
in  all  localities  in  Baden  with  one  exception,  Rastatt,  in  the  vicinity 
of  which  an  organized  clean-up  campaign  was  carried  on. 

This  discussion  illustrates  both  the  need  to  analyze  carefully  each 
environmental  factor,  in  order  to  establish  commercial  ** danger 
points,"  and  the  need  to  ascertain  for  each  environment  the  possi- 
bility of  larval  concentration. 

CHANGE  OF  HOST  PLANT 

As  the  substitution  of  various  varieties  of  sorghums  for  corn  as 
fodder  seems  to  be  economically  practical  in  some  of  the  North  Ameri- 
can corn-producing  centers,  a  study  of  the  possibility  that  suc*h  plants 
may  be  injured  by  the  corn  borer  was  begun  in  Hungary  in  1927.  Five 
varieties  of  common  grain  sorghum  and  two  varieties  of  sorgo  were 
planted  in  each  of  five  localities,  representing  typical  differences  in 
agriculture  in  the  central  European  plains.  The  only  infestation 
found  was  in  plats  located  at  Gyor,  in  northwestern  Hungary.  (See 
p.  30.)  Of  701  plants  of  dwarf  broomcorn  2,  or  0.29  per  cent,  of 
388  plants  of  reed  kafir  2,  or  0.52  per  cent,  and  of  342  plants  of  dwarf 
vellow  milo  2,  or  0.58  per  cent,  were  infested.  Although  an  extremely 
low  infestation  was  found  in  the  sorghums  under  observation,  the 
probability  that  sorghums  might  continuously  support  a  low  but 
significant  larval  population  in  this  particular  type  of  environment 
should  prevent  the  making  of  the  general  assumption  that  sorghums 
are  practically  immune  from  attack  by  the  com  borer.    A  careful 
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study  of  the  environment  in  which  sorghums  may  be  used  as  a  sub- 
stitute for  com  must  be  made,  as  is  shown  by  the  fact,  estabhshed  in 
Guam  and  in  the  experimental  plantings  in  eastern  Massachusetts 
(3),  that  certain  varieties  of  sorghum  may  sustain  heavy  larval 
populations. 

TYPES  AND  VARIETIES  OF  CORN 

TYPES 

When  this  project  was  started  in  1924  there  was  current  a  belief 
that  dent  corn  would  never  be  as  heavily  infested  as  flint  corn  or 
suffer  a  comparable  degree  of  commercial  loss,  but  in  the  light  of 
further  data  upon  infestations  in  the  North  American  areas  this 
belief  has  been  found  erroneous.  The  information  obtained  in  the 
central  European  plains  also  definitely  shows  that  dent  corn  is  severely 
injured  by  the  corn  borer;  in  fact,  the  corn-belt  center  of  Hungary 
and  Yugoslavia,  where  the  greatest  losses  have  occurred,  is  a  typically 
dent-corn  region. 

As  to  which  type  of  corn  grown  in  the  same  area  stands  the  best 
chance  of  being  the  more  heavily  infested,  there  does  not  seem  to  be 
a  striking  difference  between  the  dent  and  flint  types.  The  discovery 
of  any  such  difference,  if  indeed  it  exists,  is  made  difficult  by  the  fact 
that  in  the  southern  areas  very  little  flint  corn  is  grown,  this  type 
being  chiefly  confined  to  the  more  northern  districts,  where  dent  corn 
is  seldom  planted.  It  was  also  observed  that  when  flint  corn  was 
grown  in  the  south  it  was  usually  of  the  '' 100-day"  type,  planted 
very  early,  and  so  rendered  liable  to  a  heavier  infestation. 

At  the  present  time  it  would  be  hazardous  to  draw  a  definite  con- 
clusion as  to  which  type  of  corn  is  likely  to  be  the  more  heavily  in- 
fested, although  the  data  now  collected  show  that  during  three  years 
of  observation  the  flint  varieties  have  not  generally  been  infested  as 
heavily  as  the  dent  varieties.  This  question  is  intimately  involved 
with  the  predominance  of  a  certain  type  in  a  particular  region  and  the 
attractiveness  of  the  two  types,  because  of  vegetative  conditions,  at 
the  time  of  oviposition. 

It  is  the  writers'  opinion  that  in  the  large  centers  of  corn  culture 
there  is  not  much  difference  between  the  infestation  in  the  two  types, 
although  data  taken  in  1926,  in  the  southern  section  of  the  corn 
belt,  show  that  the  dent  corns  sustained  three  times  as  much  larval 
population  as  did  the  flint  corns.  It  is  Imown  that  during  the 
spring  in  this  region  the  fhnts  were  not  so  far  advanced  as  were  the 
dents,  and  that  the  data  were  almost  exclusively  taken  from  the  large 
white  and  yellow  Hungarian  flints.  That  this  point  must  be  taken 
into  consideration  is  indicated  by  the  infestation  in  the  corn-belt 
center  during  the  season  of  1924;  at  that  time  the  flint  varieties  were 
much  more  heavily  infested  than  the  dent  varieties.  The  chief  poiut 
of  interest  to  be  emphasized,  however,  is  that  the  type  of  corn  which 
predominates  in  any  region  carries  the  bulk  of  the  infestation,  and 
the  predominance  of  the  dent  over  the  flint  type  decreases  from  south 
to  north. 

VARIETAL    DIFFERENCE 

It  is  a  common  experience  throughout  Hungary,  in  questioning 
farmers  in  regard  to  the  varieties  that  are  most  susceptible  to  the 
attack  of  the  com  borer,  to  obtain  in  many  cases  the  response  that 
Padua  White,  belonging  to  the  flint  type,  has  been  so  badly  infested 
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by  the  insect  that  its  continued  planting  has  become  uneconomical. 
This  com  is  probably  a  cross  between  the  native  Hungarian  types 
and  com  which  was  originally  imported  from  the  region  surround- 
ing Padua,  in  Italy.  The  plant  produces  a  poor  grade  of  ear,  with 
10  to  12  rows  of  large,  soft,  white  kernels,  and  is  commonly  desig- 
nated as  a  ** floury''  com.  The  planting  of  this  variety  throughout 
Hungary  has  practically  ceased,  presumably  owing  to  the  attack  of 
the  insect. 

In  the  course  of  field  observations  made  by  Mr.  Malama,  an 
assistant  in  Yugoslavia  in  1925,  it  was  found  that  Mastodon  White, 
a  dent,  was  much  less  infested  than  other  varieties  of  com  in  the 
same  locality.  A  planting  of  this  com  at  Subotica,  seeded  on  April 
6,  was  found  to  have  no  infestation  during  the  early  part  of  the 
season,  when  the  stalk  infestation  of  the  other  varieties  in  the  same 
district  averaged  12.5  per  cent.  This  region  was  revisited  at  har- 
vest time,  and  the  data  taken  then  show  a  stalk  infestation  in  the 
Mastodon  to  be  only  33.7  per  cent,  while  similar  infestation  of  other 
varieties  averaged  80.9  per  cent.  At  this  time  the  larval  population 
in  Mastodon  was  42  per  100  plants,  and  the  average  for  the  township 
was  330.  Investigations  during  the  following  seasons  showed,  how- 
ever, that  there  was  no  apparent  difference  in  infestation  between 
this  variety  of  com  and  others  grown  in  this  region. 

In  the  couree  of  these  observations  other  cases  were  thought  to 
indicate  a  variety  less  susceptible  than  usual  to  attack  by  the  corn 
borer.  In  all  cases,  however,  the  differences  in  infestation  were 
evidently  not  consistent,  and  their  explanation  must  be  found  in 
the  operation  of  some  other  natural  factor. 

In  1926  the  Department  of  Agriculture  of  Czechoslovakia  imder- 
took  an  investigation  to  determine  what  varieties  of  American  com 
could  be  adapted  to  the  corn  regions  of  that  country  and  to  esti- 
mate the  possibility  of  damage  to  them  by  the  com  borer.  A  large 
number  of  both  dent  and  flint  varieties  are  now  grown  on  the  fields 
of  the  various  experiment  stations,  and  detailed  data  for  two  years 
regarding  their  infestation  by  the  borer  are  available.  Some  of  the 
more  important  data  for  four  varieties,  grown  both  at  Komamo, 
in  Poland  (not  the  Komarno  in  Czechoslovakia,  shown  in  Figure  1), 
and  at  Beregsas,  in  the  eastern  part  of  Czechoslovakia,  are  pre- 
sented in  Table  9.  These  data  are  averages  for  the  two  localities 
and  for  the  years  1926  and  1927.  Data  for  only  two  years  are  not 
sufficient  in  such  a  case  as  this  to  warrant  definite  conclusions. 

Table  9.— Average  data  for  1926  and  1927  of  the  infestation  by  the  corn  hover  of 
four  varieties  of  American  corn,  grown  at  Komarno^  Poland,  and  at  Beregsas, 
Czechoslovakia 


Variety 

Infestation 
of  plants 

Infestation 
of  ears 

Larvae  per 
100  plants 

Oehu 

Per  cent 
63.0 
62.7 
34.5 
43.4 

Per  cent 
35.0 
19.0 

ia7 

Number 
205 

Minnesota  It 

124 

Silver  King. 

113 

Original  "F" 

70 

42   TECHNICA.L  BULLETIN  135,  U.  S.  DEPT.  OF  AGRICULTURE 

Judging  from  their  experience  in  the  area  infested  by  the  corn 
borer  in  the  central  European  plains,  it  is  the  opinion  of  the  writers 
that  the  variety  of  corn  has,  in  comparison  with  the  more  important 
factor  of  the  time  of  planting,  little  to  do  with  the  possibility  of  sus- 
taining damage  by  this  insect.  Experiments  now  being  carried  on  in 
Europe  and  in  North  America,  however,  may  bring  to  light  varieties 
with  different  degrees  of  susceptibility. 

TIME  OF  PLANTING 

Everywhere  in  the  corn-growing  area  of  the  central  European  plains 
the  farmers  emphasize  the  fact  that  corn  planted  very  early  in  the 
spring  is  much  more  heavily  infested  than  the  later  plantings.  Some 
illustrations  of  this  fact  are  to  be  found  in  data,  presented  in  Table 
10,  on  the  infestation  of  corn,  planted  at  successive  dates  and  in 
widely  separated  localities.  Because  of  the  diversity  of  the  observa- 
tions the  data  for  all  localities  and  varieties,  and  covering  the  four 
years  1924  to  1927,  inclusive,  have  been  averaged  together.  Except 
for  the  latest  planting,  May  27  to  June  2,  the  progressive  decrease  of 
infestation  with  successive  dates  of  planting  is  very  marked. 

Table  10. — Average  data  on  the  infestation  of  corn  planted  at  successive  dates  at 
widely  separated  localities  in  the  central  European  plains,  1924-1927 


Time  of  planting 

Fields 

Infestation 
of  plants 

Infestation 
of  ears 

Larvae  per 
100  plants 

March  25  to  31 

Number 
2 
27 
131 
157 
109 
54 

4 
3 

Per  cent 
87.4 
69.7 
60.5 
49.4 
43.3 
32.1 
33.1 
21,0 
14.4 
29.5 

Per  cent 
53.0 
33.8 
28.0 
20.9 
12.6 
9.4 
2.2 
5.6 
4.5 
15.1 

Number 
1,012 
488 

April  1  to  7 

April  8  to  14 

382 

April  15  to  21 

281 

April  22  to  28 

194 

April  29  to  May  5 

151 

May  6  to  12 . 

160 

May  13  to  19 

51 

May  20  to  26 

37 

May  27  to  JUTie  2 

102 

Total 

533 

At  present  no  attempt  will  be  made  to  draw  definite  conclusions  as 
to  the  correlation  between  the  various  dates  of  planting  and  the 
weather  conditions  prevalent  during  each  season,  since  a  series  of 
records  covermg  at  least  10  years  should  support  such  deductions. 
The  data  show,  however,  that  corn  planted  in  the  period  from  March 
25  to  April  14  sustains  the  heaviest  infestation,  and  corn  planted  in 
the  period  from  April  22  to  April  26  shows  it  to  a  lesser  degree.  In  all 
years  many  of  the  fields  planted  at  earlier  dates  show  in  the  detailed 
figures  a  lesser  infestation,  probably  owing  to  the  fact  that  germina- 
tion was  so  delayed  that  after  the  interval  from  May  15  to  May  30 
the  corn  was  really  not  in  as  good  a  condition  for  growth  as  was  that 
planted  between  April  1  and  April  14. 

The  figures  indicate  a  sharp  decrease  in  the  probability  of  infesta- 
tion in  corn  planted  after  May  13.  This  date,  however,  even  for  the 
center  of  the  corn  belt,  is  much  too  late  for  such  large  dent  varieties 
as  Fleischmann,  Bankiiti,  and  Ruma  Golden  to  mature  properly. 
April  22,  however,  is  not  too  late  to  plant  these  varieties,  and  planting 
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at  this  date  might  enable  the  growers  to  escape  an  appreciable  amount 
of  damage. 

Although  the  data  at  hand  are  incomplete,  thev  indicate  the 
possibihty  of  breeding  a  variety  of  dent  corn,  yielding  well  and 
suited  to  the  requirements  of  the  central  European  plains,  that 
might  escape  considerable  injury  if  planted  after  April  21.  It 
must  be  kept  in  mind,  however,  that  in  this  type  of  comland  with 
its  corresponding  climate,  the  spreading  out  early  in  the  season  of 
pupation  and  emergence  would  preclude  the  possibihty  of  develop- 
mg  any  variety  which  would  entirely  escape  serious  damage  in  a 
bad  year.  At  best  this  would  be  only  one  phase  of  the  necessary 
control. 

ENVIRONMENTAL  FACTORS  IN  CONTROL 

SOIL 

After  the  status  of  the  insect  in  1924  had  been  ascertained  it  was 
found  that  the  heaviest  larval  populations  almost  invariably  occurred 
in  com  grown  upon  river  alluvium  or  loess-loam  soil.  In  the  im- 
mense area  of  sand,  soda  soil,  and  loam  which  lies  between  the  Dan- 
ube and  the  Theiss  Rivers  in  Hungary,  where  corn  is  grown  to  a 
small  extent,  no  infestation  was  found  in  that  year;  and,  according 
to  all  reports  obtainable,  the  insect  had  never  been  abundant  there. 
Upon  the  combination  of  gravel  and  loam  soil  found  in  the  vicinity 
of  Szombathely,  also,  com  has  been  very  Hghtly  infested  during 
the  past  four  years.  There  is  another  factor,  however,  which  may 
have  more  weight  in  determining  the  possibility  of  infestation  by 
the  insect  in  any  given  region — the  concentration  of  corn,  with  the 
consequent  crop  debris. 

That  there  might  be  some  indirect  relation  between  the  soil  type 
and  infestation  was  pointed  out  as  early  as  1924  in  a  "report  of 
work'*  submitted  by  the  senior  writer.  At  this  time  the  advisa- 
bility of  planning  the  field  work  so  as  to  study  this  feature  was 
carefully  discussed,  and  it  was  decided  that  the  results  would  not 
be  of  enough  importance  to  warrant  the  additional  labor  imposed 
upon  the  collection  of  field  data.  The  amount  of  crop  d^bns  re- 
maining, the  effect  of  dates  of  planting,  and  the  climatic  hmitations 
in  various  locaUties  appeared  to  be  important  factors  quite  over- 
balancing the  possible  effect  of  soil  type,  except  perhaps  for  infre- 
quent cases  which  would  not  be  evident  from  casual  observation. 

In  1927,  at  the  suggestion  of  E.  N.  Transeau,  of  Ohio  State 
University,  who  has  collaborated  with  the  Bureau  of  Entomology 
in  its  ecological  investigations  in  Europe  and  North  America,  the 
fields  from  which  systematic  data  were  taken  were  carefully  located 
upon  a  soil  map.  The  results  of  a  grouping  of  these  fields  as  to 
soil  type  are  shown  in  Table  1 1 .  The  separation  of  the  data  (regions 
and  soil  types)  into  groups  follows  the  system  employed  by  Peter 
Treitz,  the  Royal  Hungarian  geologist,  in  mapping  the  lands  in  old 
Hungary, 
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Table  11. — Average  infestation  by  larvae  of  the  European  corn  borer  in  1927,  in 
fields  in  Hungary  and  Yugoslavia,  classified  by  climate  and  type  of  soil 


Type  of  soil 

Region  1,  brown 

sylvan  soils,  climate 

of  beech  forest 

Region  2,  black 
sylvan  soils,  mixed 
deciduous  climate 

Region  3,  dark- 
brown  prairie  soils, 
climate  of  prairie 

All 
regions 

Fields 

Larvae 
per  100 
plants 

Fields 

Larvae 
per  100 
plants 

Fields 

Larvae 
per  100 
plants 

Larvae 
per  100 
plants 

Number 
6 
11 
1 
4 
6 

Number 
88 
47 
91 
20 
35 

Number 

36 

12 

7 

10 

Number 
77 
57 
113 
94 

Number 
85 
13 
35 
11 

Number 

262 

78 

77 

141 

Number 
201 

Marl 

62 

Sand 

83 

Alluvial  soils . 

103 

Ferruginous  gravel 

35 

6 
2 

36 
155 

1 
9 

8 
2 

25 
156 
375 
308 

34 

Alkali  soils 

156 

Meadow  clay 

375 

308 

All  soils 

28 

51 

73 

78 

164 

199 

150 

It  should  be  pointed  out  that  when  conclusions  were  drawn  from 
the  field  data  and  the  type  of  soil  was  taken  into  account,  a  certain 
discrepancy  entered  into  the  assignment  of  a  field  to  a  particular  soil 
type.  All  fields  were  first  located  upon  a  very  detailed  map  of  the 
county  or  township,  whereas  the  only  soil  map  available  was  drawn 
to  a  scale  only  one-fifth  as  large,  thus  in  many  cases  wiping  out  small 
local  variations  in  soil.  In  order  to  avoid  as  many  errors  as  possible 
in  the  original  data  it  would  be  advisable  to  take  samples  of  soil  from 
each  field  selected,  but  this  procedure  would  be  impractical,  owmg  to 
the  time  required  for  other  observations. 

The  265  fields  furnishing  the  data  for  Table  11  were  first  arranged 
according  to  planting  dates  for  each  type  of  soil.  There  was  enough 
variety  in  these  detailed  data  to  prove  the  necessity  of  taking  the 
date  of  planting  into  consideration  if  the  field  data  were  to  be  used  as 
a  basis  for  determining  the  expectancy  of  commercial  loss  for  a 
particular  type  of  climate  in  connection  with  a  certain  kind  of  soil. 
In  analyzing  the  85  fields  upon  loess  soil  in  region  3  the  insufficiency 
of  the  data  was  evident,  since  a  fairly  accurate  table  could  not  be 
constructed  competent  to  bring  out  the  average  differences  within  a 
certain  year  which  were  due  to  the  time  of  planting. 

In  the  consideration  of  all  areas,  because  of  the  insufficiency  of 
data  the  soil  types  ''meadow  clay"  and  ''peat"  head  the  list  of  soil 
types  tending  to  favor  higher  larval  populations.  In  region  3,  in 
which  these  fields  occur,  26  fields  were  found  on  loess  soil  in  which 
the  population  was  considerably  above  that  shown  for  these  two 
types  of  soil.  The  sufficiency  of  these  averages  to  warrant  compari- 
son must  be  derived  from  comparable  detailed  data.  In  general, 
however,  it  is  true,  and  the  data  support  the  statement,  that  soils  of 
the  loess,  alluvial,  and  mixed  alkali  types  support  heavier  larval 
populations  than  the  other  types. 

The  data  show  that  there  is  a  difference  in  larval  population 
between  the  regions  or  classes  named  in  Table  11,  but  the  use  of 
these  classes  as  the  index  to  "possibility  of  damage"  for  a  par- 
ticular locality  is  not  warranted  by  them,  since  the  classes  them- 
selves are  too  broad  in  limit  to  bring  out  the  economic  effects  of 
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such  important  factors  as  the  concentration  of  the  host  plant,  the 
amount  of  debris  remaining:,  and  the  general  agricultural  practices. 
All  of  these  factors  occur  in  particular  temperature-moisture  com- 
binations which  directly  affect  the  com  borer.  For  instance,  the 
fact  that  in  the  central  European  plains  the  prairie  climate  supports 
the  highest  larval  populations  does  not  imply  that  this  class  of 
cUmate  is  a  useful  index,  except  in  so  far  as  the  concentration  of  host, 
the  agricultural  practice,  and  the  insect's  temperature-moisture 
requirements  are  the  same  for  all  regions  considered.  The  basis  for 
analyzing  a  locality  as  to  the  expectancy  of  damage  is  further  dis- 
cussed on  pages  45  to  51. 

CUMATIC  FACTORS 

Since  the  first  year's  work  upon  the  problems  of  control  of  the 
com  borer  the  fact  has  been  appreciated  that  certain  peculiarities 
in  the  insect's  development  must  be  thoroughly  understood  before 
the  adoption  of  particular  cultural  methods  of  control  in  the  various 
regions  into  which  it  has  spread.  The  development  of  distinct  habits 
concomitant  with  a  certain  number  of  generations  annually,  the 
comparative  stability  of  the  seasonal  rhythm  in  certain  environ- 
ments, and  the  insect's  inherent  ability  to  adapt  itself  to  widely 
different  environmental  conditions,  even  within  the  same  zone  of 
seasonal  history,  have  made  necessary  a  thorough  analysis  of  these 
peculiarities  of  development.  The  results  of  such  an  analysis  may 
serve  as  a  basis  for  determining  what  precautionary  measures  should 
be  taken  to  prevent  the  rapid  spread  of  the  insect  and  the  line  of 
attack  to  be  taken  in  its  control  after  it  has  become  established  in 
certain  environments.  A  thorough  discussion  of  these  problems  and 
of  the  research  on  them  that  has  already  been  completed  will  be 
found  in  two  papers  recently  published  by  the  senior  writer  (1,  2). 
.  It  was  hoped  that  by  these  investigations,  besides  the  immediate 
usefulness  of  the  data  collected  from  the  native  home  of  the  msect, 
a  basic  knowledge  of  the  ecology  of  the  insect  would  be  gained  that 
would  aid  in  correctly  planning  a  practicable  control  program,  par- 
ticularly for  the  period  after  the  establishment  of  the  insect  in  the 
Com  Belt  of  the  United  States  had  been  completed.  During  the 
four  years  of  investigation  the  data  have  therefore  been  collected 
in  accordance  with  a  plan  that  would  eventually  lead  to  the  analysis 
of  important  environments  in  terms  of  the  fluctuations  of  the  insect 
as  a  pest.  Such  a  short  time  has  been  devoted  to  the  collection  of 
these  data  that  no  defmite  conclusions  can  be  drawn;  moreover, 
such  conclusions  should  not  be  attempted  without  a  minimum  of 
10  years'  detailed  data  as  a  background.  There  are,  however,  a 
few  outstanding  facts  which,  although  too  inadequate  to  warrant 
definite  application  to  the  insect's  fluctuations,  are  valuable  in 
pointing  out  the  correlation  of  field  data  with  a  working  hypothesis 
and  experimental  evidence. 

The  particular  phase  of  the  control  work  which  could  be  materially 
aided  by  ecological  information  is  that  in  which  consideration  must 
be  given  to  the  extent  and  frequency  of  the  repressive  measures 
found  necessary  in  different  areas.  If  the  administration  of  control 
funds  could  be  aided  by  knowledge  which  had  the  effect  of  roughly 
classifying  areas  of  established  mfestation  and  pointing  out  the 
regions  where  infestation  would  possibly  be  frequent,  an  appreciable 
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saving  would  result.  The  ideal  plan  would  be  to  define  each  area 
by  its  possibilities,  and  allot  control  funds  accordingly.  To  depend 
solely  upon  this  ideal  would,  of  course,  be  foolhardy.  However,  all 
ecological  information  leading  to  the  general  understanding  of  the 
causes  responsible  for  the  rise  and  fall  of  the  corn  borer  in  various 
areas,  and  of  the  possibility  that  the  insect  in  such  areas  will  rise 
above  the  concentration  conceded  as  necessary  to  inflict  commercial 
damage,  would  increase  the  chance  of  success  in  the  planning  and 
disposition  of  funds  connected  with  any  logically  founded  program 
of  control. 

It  is  not  to  be  expected  that  a  definite  value  can  be  ascribed  to 
any  particular  environmental  fluctuation  as  indicating  the  exact 
result  which  may  or  may  not  be  produced,  but  it  is  hoped  that  the 
causes  of  outstanding  fluctuations  may  be  explained.  The  practical 
ecological  problem  resolves  itself  into  two  main  features:  (1)  The 
definition  of  the  limits  of  the  different  seasonal-history  areas;  and 
(2),  the  study  of  the  causes  of  different  intensities  of  infestation. 

The  store  of  data  upon  the  first  phase  of  this  project  has  been 
considerably  enlarged  during  the  past  4-year  period,  and  a  de- 
tailed discussion  of  this  matter  is  reserved  for  a  future  paper.  It 
may  be  stated,  however,  that  these  additional  data  follow  the  trend 
of  the  data  and  the  hypotheses  advanced  in  the  senior  writer's  pre- 
vious papers  (1,  2). 

Of  immediate  economic  significance  are  factors  causing  varied 
degrees  of  concentration  in  different  localities,  factors  causing  the 
rise  and  fall  of  particular  concentrations,  and  the  possibility  of  occur- 
rence of  combinations  of  such  factors.  Of  particular  importance  are 
data  explaining  ''outbreaks"  or  ''reductions.''  Table  12  presents  a 
number  of  cases  illustrative  of  types  of  conditions  of  temperature 
and  moisture  existing  when  certain  results  were  apparently  produced. 
Correlation  between  Tables  7  and  12  will  also  illustrate  the  eco- 
nomic value  of  such  ecological  information.  It  must  be  remem- 
bered that  conclusions  drawn  from  these  insufficient  data  are  most 
certainly  not  to  be  taken  as  final  criteria,  but  are  offered  only  as 
an  indication  of  expectations. 

Table  12  presents  the  deviations  from  normal  temperature  and 
normal  precipitation  which  characterize  separate  portions  of  1 1  years 
there  designated  and  the  corresponding  relative  change  in  the  popu- 
lation of  the  corn  borers  and  in  the  intensity  of  infestation.  It  is 
beheved  that  these  changes  result  from  the  climatic  conditions  pre- 
sented in  the  table,  and  therefore  they  are  tabulated  under  "Influ- 
ence of  year."  Similar  results,  for  which  it  is  not  practicable  to 
supply  the  antecedent  deviations,  are  given  for  the  years  1894, 
1896,  1918,  and  1919  to  1921,  inclusive.  Of  each  pair  of  climatic 
data  for  a  given  interval  and  year  the  upper  denotes  deviation  of 
temperature,  in  degrees  Fahrenheit,  and  the  lower  deviation  of  pre- 
cipitation, in  inches,  from  the  normals  established  by  observation 
for  many  years.  For  the  years  1891,  1892,  1897,  1916,  1924,  1925, 
and  1926,  the  population  and  infestation  in  general  increased;  the 
chmatic  conditions  for  1893,  1898,  and  1917  allowed  the  establish- 
ment of  previous  increase,  but  stopped  further  increase;  and  the  con- 
ditions for  1926-27  resulted  in  extreme  reduction.  The  data  for 
1878-79  were  collected  in  the  vicinity  of  Odessa,  in  Russia,  some- 
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what  to  the  eastward  of  the  region  otherwise  considered  here,  to 
which  the  subsequent  data  relate. 

Table  12. — Deviations  from  normal  temperature  and  precivitation  for  portions  of 
selected  years,  compiled  from  data  collected  in  the  central  European  plains  and 
arranged  for  comparison  loith  the  attendant  relative  status  of  infestation  by  the 
European  corn  borer 

[Of  each  pair  of  climatic  data  for  a  given  interval  and  year  the  upper  denotes  deviation  of  temperature,  In 
degrees  Fahrenheit,  and  the  lower  deviation  of  precipitation,  in  inches,  from  the  normals  established  by 
observation  for  many  years.  The  position  of  the  reference  figures  2,  3,  and  4  indicates  which  factor  is 
of  the  quality  indicated;  the  combination  of  both  factors,  when  bracketed,  is  of  that  quality.  Calendar 
years,  only,  are  denoted  in  the  first  column,  the  figin-es  in  the  body  of  the  table  relating  to  2- year  periods] 


October 
to  De- 
cember 

January 

to 

March 

Total 
hiber- 
nation 
period 

AprU 
and 
May 

June  to 
August 

Septem- 

Influence  of  year,  judged  as  to— 

Year 

Effect  on 
insect 

Intensity  of 
infestation 

1878-1879 ».. 

1890-1891... 
1891-1892... 

1892-1893... 
1894 

+a7 

1  >+0. 39 
/  -0.1 
»+0.29 
1+2.4 
-0.69 

/  -2.1 
\»-0.36 

0.00 
»+0.84 

-6.4 
'+0.26 

+0.6 
»+0.56 

-4.7 

»-H).i7 

+26.0 

»  +3. 72 

-16.4 

J+1.64 

+10.1 

'-0.42 

-20.4 
»*-0.68 

-1.2 
»  -0.29 

+0.2 
2  -0. 15 

+1.0 
»-H).04 

-1.6 
s+1.37 

-0.2 
»  -0. 71 
-0.6 
-f0.21 
+1.2 
»-0.39 

-1.6 

»+a7i 

+0.6 
»  -1.26 

+0.4 
>-1.26 

+4.7 
»-0.24 

-1.3 
»-0.26 

1  Increase    and 
i    reduction. 

Increase 

1  Further      in- 
crease. 

[Reducing 

Reducing 

Increase 

[increase 

[Reducing 

llncrease    and 
/    reducing. 

[  Replacement. - 
Replacement- 
Slightly     de- 
creasing. 

Increase 

Further      in- 
crease. 
Further      in- 
/    crease. 

Reduction 

Above  normal. 

Increase. 
Further  increase. 

[In  smaller  numbers 
<    but   above   nor- 
l    mal. 
No  mention 

1896 

Above  normal 

189&-1897... 
1897-1898... 

1916-1916... 

1915-1917... 
1918 

/'+2.8 
\  -0.29 

(  -3.2 
\  3-0.  79 

+2.7 
'-fO.67 

+4.5 
»+0.30 

>+3.9 
+0.03 

»+3.0 
-0.48 

+6.9 
»  -0. 01 

-1.7 
'+0.56 

»+19.4 
-0.78 

<-0.8 
3  -3.  82 

+28.0 

»  +1. 97 

+8.6 

»  +2.  69 

-1.1 
»  +1. 13 

+1.5 
J +0.26 

-0.4 
»  +0.  57 

-0.8 
3<-1.23 

0.00 
»-f0.52 

-1.7 
»+0.31 

-2.7 
'  -0.  71 

+Z9 
»-1.27 



+0.9 
»-H).32 

-1.1 
3-0.83 

-3.1 
'  +0.  78 

+3.6 
»-1.34 

Increase. 

(In    smaller    num- 
<    bers   but   above 
[    normal. 

Above    normal; 

slightly  reduced. 

f Above  normal;  not 

\    reduced  further. 

Above  normal. 

1919-1921... 

Normal. 

1923-1924... 
1924-1926... 
1925-1926... 

1926-1927... 

»+i."i" 

+1.51 

-0.2 

\»-0.09 

/»+4.0 
1  -0.26 

-2.6 
»  -0. 17 
»+3.4 

-0.44 
»+2.8 

-0.11 

»+4.4 

-a  05 

+8.1 
'  +1. 96 
»+15. 3 

-5.84 
»+10. 4 

-1.07 

1+28.0 
-0.93 

+1.6 

»+0.80 

»+1.7 

-0.08 

+1.4 

»  -0.  51 

-0.1 
'  <-0.  43 

-0.2 
-0.11 
-0.8 
+0.71 
-3.2 
'+1.04 

+1.8 
'  -0.  76 

+6.8 
2  -0.  69 

+1.8 
'+0.82 

+5.9 
»  -0. 13 

Above  normal. 
Abnormal. 

Still     further     in- 
crease. 

Reduction   of  pre- 
vious   increases. 

and    further   re- 

duced. 

>  The  data  for  1878-79  relate  to  Odessa,  in  Russia,  a  little  to  the  eastward  of  the  region  concerned  with 
the  rest  of  the  table;  all  the  other  data  relate  to  the  central  European  plains. 
»  Conditions  favorable  to  the  corn  borer. 
»  Conditions  unfavorable  to  the  corn  borer. 
<  End  of  the  period  of  increase,  and  a  condition  favoring  reduction. 

In  order  that  the  reader  may  appreciate  the  type  of  season  which 
causes  an  outbreak  or  reduces  the  intensity  of  infestation,  the  data 
in  Table  12  will  be  discussed  from  the  standpoint  of  a  hypothetical 
year  of  outbreak,  or  a  series  of  such  years,  and  an  attempt  will  be 
made  to  bring  out  the  type  of  fluctuation  in  temperature  and  mois- 
ture which,  taking  place  in  a  particular  period,  indicates  a  condition 
potentially  favorable  to  an  increase  of  infestation.  It  should  be 
pointed  out  that  this  discussion  is  not  intended  to  imply  that  any 
one  type  of  fluctuation  in  a  particular  period  can  itself  produce  such 
an  increase,  but  that,  with  certain  factors  present  in  certain  other 
periods,  that  type  of  fluctuation  is  an  essential  antecedent  of  the 
possible  outbreak.  In  Table  12  "normal"  means  the  intensity  of 
mfestation  normally  expected  to  occur  in  this  particular  environ- 
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ment,  and  'increase"  and  "reduction"  refer  to  numbers  of  corn- 
borer  larvae  present,  and  do  not  indicate  a  relative  degree  of  com- 
mercial loss. 

The  judgments  of  the  various  years  are  expressive  of  the  attention 
which  would  be  attracted  to  the  presence  of  the  insect.  For  instance, 
if  one  were  in  the  center  of  the  European  corn  belt  one  would  nor- 
mally expect  a  loss  of  15  per  cent  of  the  corn  crop,  the  insect  popu- 
lation being  at  its  average  level,  while  practically  no  loss  would  be 
expected  under  similar  conditions  were  one  near  the  limit  of  the 
region  of  corn  production.  An  outbreak  of  the  com  borer  in  each 
locality  would  be  noticeable,  but  judged  from  a  different  standpoint. 

In  studying  the  abnormal  cases  presented  in  Table  12  the  season 
should  be  kept  in  mind,  and  no  attempt  should  be  made  to  evaluate 
the  fluctuations  in  various  periods  in  terms  of  their  relative  weight 
in  producing  either  increase  or  decrease. 

According  to  previous  loiowledge  of  the  com  borer  in  North  America 
and  Europe,  gained  both  from  the  laboratory  and  from  the  field,  the 
hypothetical  season  for  increase  in  a  one-generation  region  as  repre- 
sented by  the  environment  found  in  the  central  European  plains, 
should  begin  with  September.  In  this  month  warm-dry  conditions 
must  prevail  to  hasten  the  development  of  the  stragglers;  i.  e.,  the 
larvae  in  the  third  or  fourth  instar  which  must  mature  before  enter- 
ing the  true  rest  period.  Such  conditions  are  required  for  potential 
increase,  since  more  individuals  enter  the  winter  than  if  these  strag- 
glers are  killed  by  lack  of  the  temperatures  needed  for  development. 

To  favor  increase  of  borers  during  the  following  season,  the  period 
of  hibernation  in  this  particular  type  of  environment  would  need 
to  be  warmer,  or  distinctly  wetter,  than  normal.  In  a  "cold-dry" 
environment  a  decrease  in  temperature  is  not  to  be  considered  as 
producing  a  condition  unfavorable  for  hibernation,  since  conditions 
favorable  for  hibernation  are  found  in  environments  where  the  total 
of  temperature  means  for  this  period  is  44°  F.  lower  than  the  stand- 
ard total  for  the  corn  belt.  Only  increase  in  temperature,  therefore, 
is  considered  a  positive  stimulus  to  potential  increase  of  borers. 
On  the  other  hand,  either  increase  or  decrease  in  available  contact 
moisture  must  be  considered  as  producing  positive  and  negative 
stimuH,  respectively. 

How  these  factors  actually  operate  in  tending  to  increase  the 
numbers  of  borers  is  not  at  present  known,  but  by  experiment  and 
by  observation  in  the  field  it  has  been  demonstrated  that  this  type 
of  fluctuation  strongly  favors  both  a  hastening  of  the  passing  of  the 
physiological  rest  period  and  an  increase  in  the  number  of  individuals 
ready  to  proceed  with  development  at  an  early  date  in  the  spring. 

The  spring  months  should  supply  additional  contact  moisture 
after  the  normal  "cold-dry"  environment  during  hibernation,  and 
this  requirement  is  satisfied  by  the  "spring-rain"  type  of  climate 
which  is  normal  in  the  central  European  plains.  It  follows  that 
the  increase  is  furthered  by  supernormal  spring  moisture  before 
pupation,  together  with  an  increase  in  temperature  to  hasten  devel- 
opment; or,  if  sufficient  moisture  has  been  made  available  through- 
out the  hibernation  period,  particularly  during  the  months  of  Jan- 
uary, February,  and  March,  the  continuance  of  favorable  conditions 
of  contact  moisture  may  to  a  certain  degree  compensate  a  fall  in 
temperature. 
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The  divisions  of  the  season  as  indicated  were  selected  to  bring 
out  those  periods  of  the  insect's  hfe  during  which  certain  conditions 
are  beUeved  to  be  of  great  importance  in  causing  fluctuation  either 
mechanically  or  through  their  effect  upon  the  physiology  of  the 
insect.  As  the  data  accumulate,  these  periods  will  have  to  be 
changed.  At  present  the  ''summer"  period  hides  several  of  the 
very  important  known  factors  which,  occurring  in  June,  directly 
increase  or  decrease  the  larval  concentration;  i.  e.,  low  temperatures 
and  heavy  rains,  either  or  both  occurring  during  oviposition,  heavy 
rains  at  the  time  of  the  hatching  of  the  eggs,  and  hot,  dry  weather 
during  the  presence  of  the  earlier  instars.  All  these  conditions 
reduce  considerably  the  number  of  individuals  which  can  establish 
themselves. 

It  must  be  remembered  also  that  means  of  temperature  and  mois- 
ture for  such  long  periods  as  are  presented  in  Table  12  do  not  permit 
accurate  estimates  of  the  value  of  conditions  which  have  prevailed 
during  a  particular  period.  The  statements  in  the  analysis  to  follow 
must  always  be  taken  with  this  thought  in  mind,  as  the  writers  do 
not  wish  to  overemphasize  the  importance  of  this  type  of  correlation 
and  produce  a  hard-and-fast  picture  of  the  insect  season,  but  rather 
to  develop  indications  of  outstanding  events  which  will  lead  ulti- 
mately to  closer  analysis.  However,  the  purpose  of  this  bulletin 
will  be  served  by  using  the  data  as  presented. 

In  Table  12  the  beginning  and  the  end  of  each  period  of  increase 
has  been  indicated,  and  the  series  of  years  will  be  discussed  with 
reference  to  these  points. 

It  must  be  remembered  that  in  judging  whether  any  combination 
of  climatic  factors  is  favorable  or  unfavorable  to  the  corn  borer, 
the  judgment  must  be  translated  in  terms  of  the  effect  of  such 
factors  upon  the  percentage  of  establishment;  that  is,  it  must  be 
determined  whether  the  climate  happened  to  be  of  a  type  in  which 
only  replacement  occurred,  one  in  which  only  a  certain  percentage 
of  the  probable  annual  establishment  occurred,  or  one  in  which 
the  factors  unfavorable  to  the  insect  were  of  such  intensity  that 
a  reduction  of  the  replacement  potentiality  occurred.  To  clarify 
the  matter  further,  suppose  that  a  series  of  favorable  years  which 
have  allowed  the  larval  population  to  rise  above  the  normal  are 
followed  by  a  year  in  which  the  climate  actually  decreases  the  annual 
establishment  to  a  point  even  below  the  replacement  value.  Directly 
after  this  year,  which  climatically  may  be  judged  as  an  unfavorable, 
or  ''reducing,"  year,  the  larval  population  may  still  remain  above 
the  point  which  precludes  commercial  damage.  Superficially,  there- 
fore, the  year  might  be  termed  a  favorable  one  when  judged  solely 
from  the  status  of  the  insect. 

The  reader  should  not  attempt  to  glean  from  these  data,  as  pre- 
sented, a  judgment  of  the  effect  of  the  favorable  conditions  in  one 
period  as  compensating  for  adverse  conditions  in  another.  Although 
the  writers  wish  to  point  out  for  each  period  what  they  judge  to 
be  conditions  favorable  for  potential  increase  of  the  larvae, 
they  are  unable  to  commit  themselves  as  to  actual  quantitative 
compensating  requirements.  They  have,  however,  indicated  possi- 
bilities by  referring,  at  certain  points  in  Table  12,  to  footnotes 
indicating  conditions  favorable  or  unfavorable  to  the  com  borer. 
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The  favorable  conditions  culminating  in  the  outbreak  of  1892 
are  interesting  as  illustrating  the  effect  of  abundant  contact  mois- 
ture during  the  hibernation  period  of  1890-91,  followed  by  a  warm 
spring  and  a  warm,  dry  September.  The  hibernation  period  of 
1891-92  illustrates  the  effect  of  increase  of  temperature  followed 
by  an  entirely  favorable  season,  culminating  again  in  a  September 
in  which  the  weather  favored  the  entry  into  the  winter  of  1892-93 
of  a  more  than  normal  number  of  larvae.  During  this  winter, 
however,  the  conditions  were  distinctly  unfavorable,  and  a  marked 
reduction  resulted  in  the  spring,  summer,  and  September  of  1893. 
The  weather  at  that  time  was  severe  enough  to  bring  the  insect  to 
the  usual  level  by  the  season  of  1894. 

The  conditions  preceding  the  outbreak  of  1898  were  similar  to 
those  which  characterized  the  winter  of  1891-92.  The  record  for 
the  spring  of  1897  bears  evidence  of  abundant  contact  moisture, 
and  both  the  summer  and  the  month  of  September  met  the  require- 
ments considered  favorable  for  increased  numbers  of  borers.  Further 
potential  increase  was  again  stopped  by  conditions  prevailing  during 
the  hibernation  period  of  1897-98,  similar  to  those  that  had  effected 
an  adverse  result  in  1892-93,  although  the  lack  of  contact  moisture 
during  the  earlier  period  was  more  marked  in  character.  An  inter- 
esting feature  of  1898,  when  the  larvae  were  reduced  in  number, 
was  that  the  distinctly  favorable  conditions  of  spring  were  not  in 
themselves  powerful  enough  to  offset  the  adverse  conditions  which 
preceded  them  and  those  that  followed  during  the  summer  and 
September  of  that  year. 

The  importance  of  a  warm  and  wet  hibernation  period  in  producing 
increase  of  borers  in  a  normally  cold  and  dry  hibernation  environ- 
ment is  illustrated  by  the  conditions  of  1915  and  1916,  the  outbreak 
of  1916  and  1917  being  exceptional  in  its  degree  of  intensity. 

This  series  is  particularly  valuable  as  illustrating  the  outstanding 
effect  of  having  both  factors  during  the  hibernation  period  favorable 
for  increase;  i.  e.,  warmer  and  wetter.  This  condition  has  been 
shown  experimentally  to  be  a  tremendous  stimulus  to  the  insect. 
It  is  all  the  more  striking  in  this  case,  when  the  seasons  following 
these  favorable  hibernation  conditions  were  not  strikingly  favorable. 

An  interesting  series  of  years,  1924-1927,  in  which  the  insect  rose 
to  a  peak  in  1926  and  dropped  back  abruptly  in  1927,  illustrates  the 
points  already  discussed.  This  series  of  years  is  particularly  inter- 
esting owing  to  the  marked  reduction  of  the  insect  population  that 
occurred  in  1927,  thus  not  only  completely  stopping  the  increase 
but  actually  reducing  the  percentage  of  estabhshment  considerably 
below  the  replacement  value.  This  series  also  points  out  a  fact 
previously  discussed  on  page  48,  that  the  continuance  of  ''warm- 
dry '*  conditions  during  hibernation,  although  promoting  increase 
in  the  number  of  borers  in  the  next  generation,  tends  at  the  same 
time  to  decrease  ultimately  the  vitality  of  succeeding  generations. 

A  glance  at  the  period  of  increase  extending  from  the  hibernation 
period  of  1923-24  to  the  end  of  the  hibernation  period  of  1926-27 
would  lead  one  to  expect  a  serious  outbreak  in  the  season  of  1927. 
The  fact  that  such  an  outbreak  failed  to  materialize  is  an  important 
point  in  obtaining  a  proper  conception  of  the  factors  which  hold 
the  insect  completely  in  check  and  materially  reduce  its  niunbers. 
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The  temperature  means  for  the  spring  of  1927  reveal  both  sub- 
normal temperature  and  precipitation,  a  combination  found  in  years 
of  reduction,  but  their  intensity  is  not  revealed  until  their  critical 
periods  are  examined.  During  April,  1927,  the  precipitation — sub- 
normal, as  just  stated — was  poorly  distributed,  and  50  per  cent  of 
it  fell  on  two  days,  widely  separated;  and  60  per  cent  of  the  (sub- 
normal) precipitation  for  May  fell  on  three  days.  Besides  these 
unfavorable  conditions,  April  had  20  days  below  normal  in  tempera- 
ture. Conditions  tending  to  favor  pupation  began  April  29  and  con- 
tinued for  about  12  days,  or  until  May  10.  Then  came  a  sharp  drop 
in  temperature  to  an  average  of  6°  F.  below  normal,  which  continued 
for  sLx  days,  or  within  four  days  of  the  time  when  the  first  pupa 
is  normally  expected.  During  the  remainder  of  May  10  days 
averaged  3.5°  below  normal  for  the  first  portion  of  the  pupation 
period,  and  these  subnormal  temperatures  are  reflected  in  the  slow 
advance  of  pupation  on  which  data  have  been  collected.  The  sec- 
ond adverse  period  of  extreme  importance  occurred  in  the  latter  part 
of  June,  when  the  maximum  oviposition  should  normally  occur.  This 
period  was  consistently  below  normal  in  temperature,  and  the  mini- 
mum temperatures  from  June  20  to  June  30  were  all  below  60°, 
the  point  considered  favorable  for  deposition  of  eggs  in  normal 
numbers.  As  a  further  interference  with  establishment  of  the 
young  larvae  in  the  field,  three  heavy  rainstorms  occurred  on  June 
27,  July  13,  and  July  17,  respectively. 

These  adverse  conditions,  however,  were  not  the  last  blow  which 
the  season  inflicted  upon  the  insect.  In  July  drought  conditions 
followed,  of  sufficient  intensity  to  hasten  the  maturity  of  com, 
markedly  reduce  its  height,  and  seriously  lower  the  expected  yield; 
and,  finally,  September,  which  included  a  long,  abnormally  cool, 
rainy  period,  probably  played  its  part  in  reducing  the  number  of 
larvae  that  went  into  the  winter  of  1927-28.  The  adverse  effect 
of  this  season  is  further  brought  out  when  it  is  considered  that  sur- 
veys from  October  1  to  October  15  showed  a  reduction  of  86.8  per 
cent  in  the  numbers  of  the  larvae  in  the  central  corn  belt  of  Europe, 
as  compared  with  the  larval  population  of  the  previous  year. 

To  point  out  still  further  the  necessity  for  such  an  ecological 
understanding  of  a  locality  that  the  planning  of  a  control  program 
may  be  more  logical  in  concept,  the  case  of  the  Wallachian  Steppes 
in  Rumania  is  presented.  Immense  quantities  of  corn  are  grown 
throughout  this  large  region,  and  no  cultural  reason  is  evident  why 
the  com  borer  should  not  be  as  abundant  there  as  in  the  central 
European  plains.  An  explanation  of  this  condition  may  lie  in  the 
fact  that  during  1924  and  1925  severe  droughts  appearea  which  pre- 
vented the  maturing  of  a  large  quantity  of  the  corn  and  killed  many 
of  the  larvae.  Such  droughts  are  typical  of  this  region  and  are  of 
fairly  frequent  occurrence.  In  contrast  to  these  conditions,  a  fairly 
heavy  infestation  was  present  during  1926  in  the  hilly  country  sur- 
rounding Cluj,  Rumania,  a  region  also  belonging  to  the  steppes  but 
where  droughts  are  less  frequent. 

This  discussion  has  presented  merely  the  first  steps  in  the  analysis 
of  the  climate  of  any  season,  which  are  temperature-moisture  combi- 
nations and  their  eff'ect  upon  the  larval  population.  The  data  are 
being  collected  in  detail  to  provide  a  basis  for  expressing  in  general 
how  favorable  or  how  unfavorable  a  season  may  be  to  the  insect 
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in  terms  of  the  percentage  of  establishment.  When  a  temperature- 
moisture  index  can  be  obtained  which  takes  into  account  the  effects 
of  possible  combinations,  the  analysis  of  a  locality  should,  of  course, 
be  weighed  further  by  the  effect  of  various  other  important  factors 
previously  discussed. 

The  limiting  of  this  first  general  index  must  be  narrow  enough  in 
scope  and  must  take  into  consideration  such  meteorological  details 
as  to  allow  for  an  appreciation  of  all  combinations  of  other  factors 
influencing  high  larval  populations. 

The  classes  of  climate  and  soil  shown  in  Table  11,  for  instance,  are 
too  broad  in  environmental  limits  to  be  satisfactorily  used  as  the  basic 
index  for  distinguishing  between  localities  in  terms  of  expectancy  of 
damage.  The  environmental  limits  within  which  crops  may  be 
damaged  by  the  corn  borer  extend  beyond  the  limits  of  corn  growing, 
and  the  centers  of  corn  production  do  not  always  correspond  with 
centers  of  high  larval  population.  The  definition  of  a  value,  in  order 
to  express  the  chance  of  damage  in  a  particular  locality,  should  be 
based  upon  the  type  of  temperature-moisture  condition  prevalent. 
The  selection  of  these  classes,  however,  must  eventually  be  based 
upon  combinations  which  are  known  to  influence  the  insect's  life 
directly  and  are  expressed  in  terms  of  themselves,  rather  than  upon  a 
criterion  which  is  ecologically  an  expression  of  the  environmental 
limits  of  another  life  form. 

The  detailed  data  required  to  limit  further  the  environment  as 
above  expressed  would  therefore  need  to  show  the  type  of  soil,  con- 
centration of  host  plant,  quantity  of  crop  debris  present,  and  pre- 
vailing agricultural  practice,  all  of  which  are  known  to  exhibit  their 
effects  within  the  temperature-moisture  class  in  which  falls  the 
locality  to  be  analyzed. 

It  should  be  pointed  out  that  during  the  four  years  of  the  present 
investigation  an  immense  amount  of  detailed  information  has  been 
collected  to  the  end  of  better  evaluating,  in  terms  of  the  effect  upon 
the  potentiality  of  damage,  the  factors  just  mentioned;  and  that  at 
least  10  years'  data  from  such  a  careful  routine  are  needed  to  limit 
properly  variations  which  may  occur  in  any  of  these  important 
factors  and  offer  helpful  and  practical  guides  in  the  control  of  the 
insect  in  ''danger"  localities.  The  variations  in  these  main  factors 
and  their  effect  upon  larval  population  will  be  discussed  when  sufficient 
data  become  available.  It  is  not  expected  that  absolute  specific 
values  in  terms  of  expectancy  can  be  assigned  to  any  series  of  combi- 
nations of  factors;  but  there  may  result  a  useful  basis  for  defining 
certain  localities  as  to  their  ''nearness"  to  environments  in  which  the 
normal  climate  is  such  as  to  tend  to  the  production  of  commercial  loss. 

Data  collected  to  support  the  distribution  shown  in  Table  7  will 
be  used  to  analyze  further  any  particular  locality  as  to  the  possibility 
of  its  producing  a  dangerous  larval  population,  and  to  ascertain 
roughly  how  far  in  each  region  the  percentage  of  establishment  needs 
to  be  lowered  to  keep  the  larval  population  below  the  danger  point. 

If  such  data  are  collected  for  a  reasonable  length  of  time  it  is 
evident  that  some  aid  will  be  available  in  plotting  out  points  of 
danger,  where  extreme  repressive  measures  must  be  taken  year  after 
year  to  effect  economic  control,  as  well  as  other  points  in  which 
this  demand  will  not  be  so  imperative. 


THE  CORN  BORER  IN  CENTRAL  EUROPE  53 

CONCLUSIONS 

The  data  collected  during  the  course  of  four  years  of  investigation 
of  the  com  borer  in  central  Europe,  from  1924  to  1927,  inclusive,  lead 
to  the  followmg  conclusions. 

The  variations  in  seasonal  development  and  intensity  of  infesta- 
tion by  the  European  com  borer  are  attributable  to  fluctuations  of 
factors  in  the  environment. 

The  seasonal  rhythm  of  the  com  borer  is  to  a  certain  extent  per- 
sistent and  is  due  to  the  fomiation  of  a  physiological  condition 
which  forces  the  insect  to  develop  a  certain  type  of  seasonal  cycle. 
This  physiological  condition  is  formed  by  continued  mipress  of  a 
particular  type  of  normal  environment  and  persists  after  the  impress 
of  the  environment  is  removed. 

There  are  apparently  no  climatic  or  cultural  reasons  why  the 
distribution  of  the  European  com  borer  should  not  extend  to  all 
points  in  the  main  corn-growing  regions  of  the  United  States. 

Severe  damage  to  com,  which  has  been  observed  in  a  typical 
corn-producing  region  quite  comparable  to  the  Com  Belt  of  the 
United  States,  and  in  which  the  com  borer  is  still  increasing,  points 
to  the  possible  menace  of  this  insect  to  our  chief  corn-producing 
centers. 

The  practice  of  clean  culture,  following  a  program  which  includes 
all  possible  means  of  reducing  the  borer  population,  is  an  essential 
feature  of  control.  In  general,  the  areas  of  comparatively  clean  cul- 
ture suffer  less  from  the  ravages  of  the  borer  than  do  the  regions 
where  clean-up  practices  are  not  followed. 

In  one-generation  areas  heavy  infestations  may  occur  in  crops 
other  than  com,  and  in  weeds  as  well. 

The  widespread  distribution  and  local  effectiveness  of  certain 
species  of  parasites  of  the  com  borer  occasion  hope  that  parasites 
may  be  effective  in  aiding  the  program  of  control  in  North  America. 

All  types  of  com  may  be  severely  damaged  by  the  com  borer. 
No  variety  or  type  was  observed  which  was  practically  immime  to 
the  attack  of  the  insect. 

Severe  losses  in  yield,  occasioned  by  indirect  injury,  may  occur 
in  typical  corn-growing  centers.  Such  damage  was  particularly 
noticeable  upon  the  plains  of  Hungary  and  Yugoslavia,  where  high 
winds,  similar  to  those  in  the  Com  Belt  of  the  United  States,  occur 
in  the  latter  part  of  summer. 

The  elimination  of  very  susceptible  varieties  of  com  and  a  proper 
regard  for  the  most  favorable  date  of  planting  appear  to  be  two  of 
the  promising  possibilities  for  control. 

Radical  changes  in  cultural  practice  are  possible  and  may  be  effec- 
tive in  the  control  of  the  corn  borer,  as  is  strikingly  shown  by  the 
fact  that  owing  to  a  change  in  the  method  of  growing  hops  in  the 
center  of  hop  culture  in  Europe  the  insect  has  ceased  to  be  an  economic 
factor  in  the  production  of  this  crop. 

The  classification  of  localities  according  to  expectancy  of  damage 
may  come  to  be  of  assistance  in  allotting  the  funds  necessary  for  con- 
trol of  the  borer,  or  at  least  for  keeping  larval  populations  from 
inflicting  commercial  loss.  This  classification  must,  however,  be 
detailed  enough  to  give  proper  weight  to  local  difi'erences.  At  present 
the  available  data  do  not  warrant  such  a  classification,  and  any 
efforts  in  this  direction  would  be  hazardous. 
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PURPOSE  OF  INVESTIGATION 

The  principal  requirements  for  an  ideal  rat  poison  are  safety, 
effectiveness,  and  economy.  The  rat  poisons  in  most  general  use 
to-day  (arsenic,  barium  carbonate,  phosphorus,  and  strychnine)  have 
toxic  properties  that  seriously  menace  the  safety  not  only  of  wild 
and  domestic  animals,  but  also  of  human  beings.  Red  squill  is  rela- 
tively safer  and  more  nearly  approaches  the  ideal  rat  poison.  Animals 
other  than  rats  usually  refuse  to  eat  red  squill  in  the  concentrations 
used  for  rat  baits.  The  difficulty  of  obtaining  a  uniformly  toxic 
preparation  of  red  squill  has  retarded  its  development  for  this  pur- 
pose. To  contribute  to  the  information  needed  for  the  production 
of  a  potent  red-squill  preparation  for  the  efficient  destruction  of  rats, 
the  investigation  here  reported  was  undertaken. 
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SOURCE  AND  STRUCTURE  OF  SQUILL 

Squill,  Urginea  maritima  (L)  Baker,  also  called  U.  scilla  Steinheil, 
IS  a  perennial  plant  growing  wild  on  the  coast  of  southern  Italy, 
Sicily,  and  Sardinia,  and  elsewhere  along  the  Mediterranean  Sea. 
The  bulbs  produced  are  pear  shaped,  usually  from  3  to  6  inches  in 
diameter  and  from  300  to  2,000  grams  in  weight  (pi.  1),  and  are 
composed  of  closely  overlapping  fleshy  scales.  The  outer  scales  are 
dry,  brittle,  and  reddish  brown;  the  inner  scales  vary  from  light 
yellowish  white  to  deep  cherry  or  mahogany;  and  the  central  ones 
(core)  are  usually  white. 

There  are  two  commercial  varieties  of  squill — white  squill,  which 
is  marketed  as  dry,  white  scales  and  is  the  product  official  in  various 
pharmacopoeias,  and  red  squill,  which  imtil  recently  was  obtainable 
only  in  the  fresh  state.  Both  the  viscous,  mucilaginous  juice  and 
the  dry  scales  of  each  variety  are  irritating  to  the  skin.  This  sting- 
ing effect  upon  the  sldn,  as  well  as  the  acrid  prickly  taste,  is  commonly 
attributed  to  calcium-oxalate  raphides.  White  squill  is  used  in  human 
medicine  as  a  heart  tonic,  emetic,  diuretic,  and  nauseant  expectorant. 
Various  European  investigators  have  reconrnaended  red  squill  as  a 
rat  poison. 

Microscopic  examination  of  squill  was  made  by  George  L.  Keenan, 
of  the  Food,  Drug,  and  Insecticide  Administration,  who  states: 

A  microscopic  examination  of  red-squill  powder  shows  that  the  anatomical 
structure  is  similar  to  that  of  white  squill.  The  powdered  bulb  of  both  varieties 
consists  of  fragments  of  parenchyma  cells,  spiral  vessels,  and  long  raphides  of 
calcium  oxalate,  some  of  which  are  surrounded  by  dried  masses  of  transparent 
refractive  material,  the  mucilage  sheath.  The  longest  acicular  crystals  are  ap- 
proximately 1  millimeter  long.  Short  raphides  are  present  also.  The  greatest 
diagnostic  difference  is  the  presence  of  pigment  cells  in  the  red-squill  scales  and 
their  absence  in  the  white.  The  red  pigment  cells  are  numerous  in  the  scales 
of  the  red  squill  and  are  readily  found  in  the  powdered  material. 

To  facilitate  its  identification,  the  red  squill  was  reduced  to  a  fine  powder 
and  examined  microscopically  in  a  drop  of  menstruum  consisting  of  an  acidified 
chloral-hydrate-glycerol  solution  (made  by  dissolving  45  grams  of  crystals  of 
chloral  hydrate  in  25  cubic  centimeters  of  dilute  hydrochloric  acid  (1:8)  and 
10  cubic  centimeters  of  glycerol) .  The  slide  was  not  warmed.  The  red  coloring 
matter  gradually  diffused  out  of  the  cells,  giving  the  pigment  masses  a  reddish 
appearance.  Long  raphides  of  calcium  oxalate  were  found  in  the  dried  mucilag- 
inous material,  many  in  close  proximity  to  the  red  masses. 

When  a  powdered  dry  bait  containing  5  per  cent  of  red  squill  was  examined 
according  to  the  method  just  described,  the  pigment  cells  were  readily  found. 

RESULTS  OF  PREVIOUS  INVESTIGATIONS 

CHEMICAL 

An  exhaustive  review  of  the  chemical  studies  on  squill  since  1741 
is  given  by  George  (12^).  The  active  principle  has  not  been  definitely 
isolated  and  identified.  Many  of  the  products  obtained  by  extrac- 
tion with  various  solvents  have  proved  to  be  impure  mixtures.  In 
many  instances  it  is  not  plain  whether  red  or  white  squill  was  studied. 
George  states  that  the  active  constituents  of  squill  are  (1)  scillitin, 
C17H25O6,  a  yellow,  very  bitter,  nitrogen-free  glucoside,  slightly  solu- 
ble in  water  (0.18  per  cent)  and  soluble  in  alcohol,  which  was  isolated 

2  Reference  is  made  by  italic  numbers  in  parentheses  to  "Literature  cited,"  p.  35. 
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by  Kopaczewski  (18)  as  thie  toxic  principle  of  squill;  (2)  scillidiuretin, 
a  strong  diuretic,  also  isolated  by  Kopaczewski;  (3)  xanthoscillide, 
a  yellow  crystalline  glucoside,  insoluble  in  chloroform,  but  soluble 
in  boiling  alcohol,  isolated  by  Buschmann  (2) ;  and  (4)  a  water-soluble 
toxic  substance  isolated,  but  not  identified,  by  Ewins  (8).  George 
obtained  a  red  glucoside  from  African  squill,  Urginea  bur Jcei,  which 
corresponded  in  properties  to  Merck's  scillitoxiii.  (Scilli toxin  has 
not  been  chemically  identified  as  a  definite  chemical  entity.)  Gala- 
vielle  and  Cristol  (11)  found  the  same  chemical  principle  in  SciUa 
autumnalis  L.  grown  in  the  neighborhood  of  Montpellier,  France,  as 
in  S.  maritima.  A  patent  has  been  granted  to  Stoll  and  Suter  (27) 
for  a  process  of  isolating  a  physiologically  active  glucoside,  **  Scillaren," 
from  white  squill.  The  chemical  composition  and  formula  are  not 
given  in  the  patent. 

PHYSIOLOGICAL* 

Lewin  (21)  reported  that  animals  receiving  squill  showed  a  slower 
pulse,  dyspnea,  and  pyrexia,  and  died  on  account  of  respiratory  fail- 
ure. Danysz  and  Kopaczewski  (6)  stressed  the  paralysis  of  the  hind 
limbs,  convulsions,  and  characteristic  gyrations  of  rats  following  the 
consumption  of  squill.  They  state  that  the  respiration  is  greatly 
depressed  and  that  after  several  gasps  the  animal  dies.  Gunn  and 
Heath  cote  (14)  found  that  the  subcutaneous  minimum  lethal  dose  of 
the  glucoside  prepared  by  Ewins 's  process  (8)  was  5  milligrams  per 
kilo  of  body  weight  for  the  rabbit  and  150  milligrams  per  kilo  for 
the  rat;  also,  that  much  stronger  concentrations  were  required  to 
stop  the  isolated  rat  heart  than  to  stop  the  isolated  rabbit  heart  in 
the  same  space  of  time.     They  concluded: 

It  is,  of  course,  still  possible  that  the  rat  may  be  more  susceptible  than  other 
domestic  animals  to  squill  taken  by  the  mouth;  but  this,  if  true,  must  be  due,  say, 
to  some  constituent  of  squill  other  than  the  glucoside  or  to  some  difiFerence  in 
action  than  the  action  on  the  heart.  The  possibility  that  this  alleged  hyper- 
susceptibility  of  the  rat  may  be  due  merely  to  the  fact  that  the  rat  is  the  only 
domestic  animal  that  will  eat  squill  has  not  been  sufficiently  excluded  *  *  *^ 
The  rat  is  markedly  less  susceptible  than  the  rabbit. 

The  present  experiments  tended  to  confirm  the  conclusions  of  Gunn 
and  Heathcote.  Death  following  squill  is  apparently  produced  by 
respiratory  rather  than  cardiac  action. 

TOXICITY 

The  toxicity  of  squill  (whether  of  the  red  or  of  the  white  variety 
is  not  always  stated)  has  been  studied  by  a  number  of  investigators 
since  the  first  experiments  by  Orfila  in  1818  (22,  v.  2,  pp.  99-102). 
The  reports  are  summarized  in  Table  1. 

The  great  apparent  variation  in  toxicity  may  be  attributed  to 
differences  in  products,  in  methods  of  preparation,  and  in  adminis- 
tration. Relatively  enormous  quantities  of  squill  are  apparently 
required  to  injure  animals  other  than  rats. 

I  While  this  bulletin  was  being  prepared  two  articles  by  Winton  (tS,  t9 )  were  published.  Wlnton 
concluded  that  the  cardiac  glucoside  and  the  rat-poisoning  principle  in  red  squills  are  distinct  substances . 
The  former  occurs  in  about  equal  amounts  in  red  and  white  squills.  The  rat-twisoning  substance,  however , 
ia  present  in  significant  amounts  in  red  squills  only." 
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Table   1. — Effect  of  squill  preparations  upon  animals  (reported  in  literature) 


Reference 

Animals 

Product 

Dose 

Result 

Lewin  (SI) 

Rats 

/Dried  bulb 

\Extract 

Igram 

Death. 

do. 

do 

do 

Dogs 

fi  granis . . 

Do. 

Kopaczewski  (78) 

(Dried  bulb... 

IScillitin 

830mg./kg..  . 

Do 

1  mg./kg 

Do 

Red-squill  powder 
White-squill 
<    powder. 
Urginea  burkei 

powder. 
Squill 

260tol,800+mg./kg. 
9,000  mg./kg 

Do. 
Survived. 

Claremont  (5).. 

2,000  mg./kg 

Death. 

Dujardin-Beaumetz 

10  mg 

Do 

(7). 
Howarth  (16,  pp.  16- 

fScillitin 

0.02  to  0.05  mg 

32  mg 

Do 

67). 

1  Squill 

Do 

Orflla  (22,  V.  2,  pp. 

Fresh  bulb 

Rcillit.oTin 

2W  ounces 

Do 

99-102). 
Lewin  (gl) 

Guinea  pigs 

0  5  mg 

Do 

nertwig  (10,  p.  196)- 

fDogs  and  rabbits 

Dogs,  cats,  and  hogs. 

Horse  and  cow 

2  horses. 

do 

Fresh  bulb 

do 

do 

....  do 

100  to  500  mg 

0.25  to  2  grams 

45  grams 

Do. 
Vomiting,    diar- 
rhea, diuresis. 
Death 

30  grams 

Death. 

Kopaczewski  (18) 

Guinea  pigs 

Scillitin 

1  mg./kg 

Do 

(Dogs 

{Cats 

Rabbits 

do         '" 

do 

Do. 

Claremont  (4) 

2  mg./kg 

Do. 

254  mg./kg 

Do 

USE  OF  SQUILL  AS  RAT  POISON 

The  Danish  antirat  law  of  1907  forbade  the  use  of  strychnine, 
arsenic,  and  sulphurous  preparations  in  rat  control  but  permitted 
various  squill  preparations.  Aumann  (1)  lists  nine  commercial 
squill  preparations  offered  for  sale  in  Germany  in  1912;  he  also  states 
that  practice  had  confirmed  the  laboratory  finding  that  squill  prepa- 
rations are  twice  as  efficient  as  raticides  as  are  the  bacterial  poisons. 
Smith  (26)  found  that  only  one  of  five  chemical  extracts  on  the 
English  market  in  1921  killed  rats.  Aqueous,  alcoholic,  and  acetic- 
acid  extracts  of  dried  white  squill  failed  to  kill  rats,  although  each  of 
three  alcoholic  extracts  of  dried  red  squill  proved  fatal. 

Claremont  (4,  6)  reported  an  intensive  study  of  squill  as  a  rat 
poison.  The  lethal  doses  of  various  red-squill  powders  ranged  from 
260  to  more  than  1,800  milligrams  per  kilo  of  body  weight  to  rats 
and  did  not  seem  to  bear  any  relation  to  the  chemical  characteristics 
of  the  preparations.  The  reducing  sugars  ranged  from  3.32  to  10.45 
per  cent,  and  the  total  sugar  after  inversion  from  6.94  to  73.73  per 
cent.  Hydrochloric  acid  intensified  the  red  color  of  the  extract. 
Some  powders  and  pastes  on  the  British  market  were  found  to  be 
toxic  to  rats.  White-squill  powders  failed  to  kill  in  doses  of  9,000 
milligrams  per  kilo  of  body  weight.  South  African  squill,  Urginea 
hurlcei,  gave  more  mucilage  than  the  .ordinary  varieties,  and  only 
one  of  three  powders  killed,  the  lethal  dose  of  it  being  2,000  milli- 
grams per  kilo  of  body  weight.  A  drying  temperature  of  60°  C. 
appeared  to  produce  a  satisfactory  powder,  although  the  lethal  prin- 
ciple was  not  destroyed  in  preparing  squill  biscuits  at  temperatures 
around  100°.  The  powder  preserved  its  toxicity  when  stored  in 
air-tight  containers.  Cold  and  hot  water  extracts  were  toxic,  but 
alcohol  failed  to  extract  the  toxic  principle.  Wild  rats  were  rather 
more  susceptible  than  tame  rats.  Microscopic  examination  showed 
no  specific  characteristic  except  the  large  number  of  raphides.  Clare- 
mont concluded  that  the  toxicity  of  squill  preparations  can  not  be 
inferred  from  analytical  results  but  must  be  determined  by  feeding 
experiments  on  rats. 
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Kobert  (17)  quotes  Kunkel's  findings  that  red  squill  is  more  potent 
than  white,  that  the  outer  scales  act  more  intensely  than  the  inner 
scales,  and  that  the  bulbs  gathered  in  summer  are  more  potent  than 
those  collected  in  the  spring. 

Lantz  (19),  Lereboullet  (20),  George  (12),  Howarth  (16),  and 
Schlupp  (28)  report  the  suitability  of  red  squill  as  a  rat  poison  under 
various  conditions.  Howarth  states  further  that  ''it  is,  moreover, 
regarded  as  comparatively  harmless  to  domestic  animals."  W.  K. 
Tonkin,  rat  officer  of  Middlesex  County,  England,  reports  *  that 

pliosphorus  pastes,  barium  carbonate,  and  one  or  two  proprietary  poisons  have 
on  occasion  been  used,  but  freshly  extracted  squill,  both  as  a  lethal  rat  poison 
and  by  reason  of  its  being  comparatively  harmless  to  domestic  animals,  has 
been  found  of  greater  use  than  any  other  poison. 

Boulenger  (5)  found  that  squill  solution  was  the  most  effective  rat 
poison,  being  three  times  as  toxic  as  barium  carbonate  to  rodents  and 
also  less  harmful  to  domestic  animals. 

Finally,  the  British  Ministry  of  Agriculture  and  Fisheries  (IS) 
recommended  the  use  of  squill: 

Baits  containing  barium  carbonate  or  red  squill  *  *  *  are  recommended 
by  the  ministry,  and  if  used  as  directed,  and  with  proper  precautions,  are  less 
dangerous  than  baits  containing  such  poisons  as  arsenic,  stryclmine,  and  phos- 
phorus *  *  *  Red  squill  is  the  safer,  and  it  is  advisable  to  use  it  in  pref- 
erence to  other  toxic  agents  for  application  on  farms  and  in  places  where  special 
care  is  necessary  owing  to  the  presence  of  poultry,  livestock,  domestic  animals, 
or  stored  food  supplies  *  *  *.  Owing  to  the  peculiar  chemical  nature  of  red 
squifl  in  its  various  forms,  as  sold  for  the  destruction  of  rats  and  mice,  users  of 
these  preparations  should  satisfy  themselves  that  they  obtain  guaranteed  toxic 
red-squill  raticides. 

Recapitulating,  the  literature  indicates  that  red  squill  is  toxic  to 
rats  whether  fed  as  the  fresh  bulb  or  as  a  powder,  that  it  is  essen- 
tially nontoxic  to  animals  other  than  rats,  and  that  white  squill  is 
nontoxic  to  rats  {2S).  Apparently,  the  toxic  principle  has  not  been 
consistently  isolated  by  chemical  methods. 

EXPERIMENTAL  PROCEDURE 

PREPARATION  OF  POWDER 

In  the  preliminary  experiments,  24  powders  were  prepared  from 
samples  taken  from  a  900-pound  keg  of  squill  bulbs  imported  from 
Cagliari,  Sardinia,  in  the  fall  of  1923  and  kept  in  storage  at  4°  to  5°  C. 
This  entire  series  of  powders  was  prepared  by  Otis  F.  Black  and 
James  W.  Kelley,  of  the  Office  of  Drug,  Poisonous,  and  Oil  Plants, 
Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture. 

The  outer,  dry,  reddish-brown  husks,  which  were  found  to  be  less 
toxic  than  the  inner  scales,  were  stripped  from  all  bulbs.  The  bulbs 
were  sliced  and,  in  most  instances,  air-dried  for  several  hours  and 
placed  in  long  glass  tubes.  A  current  of  air  was  passed  over  the 
surface.  The  temperature  was  increased  over  a  period  of  several 
days  from  room  temperature  to  a  given  maximum,  which  was  main- 
tained until  constancy  in  weight  indicated  that  the  products  were 
thoroughly  dried.  They  were  then  removed  and  ground  in  a  drug 
mill  until  the  powder  passed  through  a  40-mesh  sieve.  These  powders 
contained  1  to  2  per  cent  of  moisture.  After  being  ground,  all  powders 
were  placed  in  tightly  closed  screw-top  vials.  Details  of  time  and 
temperature  are  given  in  Table  2. 

*  Personal  communication. 
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As  the  results  of  these  preUminary  experiments  indicated  that 
squill  is  of  value  as  a  rat  poison,  the  investigational  work  was  con- 
tinued, material  from  a  second  shipment  of  approximately  a  ton  of 
squill  bulbs  from  Sardinia  being  used.  Upon  reaching  the  United 
States  in  the  fall  of  1925,  the  200-pouhd  bags  of  squill  were  stored 
at  4°  to  5°  C.  Samples  were  drawn  from  time  to  time  for  the  prepara- 
tion of  powders. 

Essentially  the  same  method  of  preparation  was  iised  as  in  the 
preliminary  experiments.  As  previous  investigation  had  indicated 
the  desirabiUty  of  using  high  temperatures  in  order  to  check  fer- 
mentation or  enzyme  action  quickly,  an  electric  oven  that  could  be 
set  to  within  1°  was  used  for  drying  most  of  the  powders  in  this 
series.  In  some  instances  it  was  desirable  to  dupUcate  commercial 
conditions.  For  such  diying  a  commercial  steam  drier  was  used. 
Dried  material  was  grouna  to  pass  through  a  40-mesh  sieve  and  packed 
in  jars.  The  approximately  }^-inch-thick  slices  obtained  in  the  com- 
mercial runs  by  using  a  hand-operated  shcing  machine  proved  to  be 
too  thin,  as  a  large  quantity  of  mucilaginous  juice  was  exuded,  facil- 
itating fermentation  and  materially  retarding  drying.  SUces  half  an 
inch  thick  were  found  to  be  more  satisfactory. 

By  using  the  method  finally  adopted  for  the  preparation  of  squill 
powders  (p.  33),  it  has  been  possible  to  reproduce  powders  having 
the  same  toxicity. 

METHOD  OF  FEEDING 

Most  of  the  toxicity  determinations  were  made  on  white  rats. 
Wherever  feasible,  results  on  wild  (brown)  rats  were  also  obtained 
All  rats  were  held  in  cages  for  about  a  week  to  make  the  experimental 
animals  essentially  uniform.  No  rats  weighing  less  than  100  grams 
each,  and  when .  possible  only  those  that  weighed  between  150  and 
250  grams  each,  were  used.  None  of  the  rats  received  food  for  18 
hours,  but  all  were  given  water  freely,  to  insure  a  somewhat  constant 
appetite  and  to  favor  the  rapid  consumption  of  the  experimental  diet. 
As  previous  experiments  had  indicated  that  rats  readily  consume 
1  per  cent  of  their  body  weight,  efforts  were  made  to  feed  approxi- 
mately this  quantity  of  total  food. 

Animals  were  weighed  and  placed  in  separate  cages.  The  ordinary 
laboratory  rat  food — 99  per  cent  of  a  mixture  of  whole-milk  powder 
(one-third)  and  whole  wheat  flour  (two-thirds)  and  1  per  cent  of  salt — 
was  passed  through  a  40-mesh  screen.  The  sample  of  squill  to  be  fed 
was  thoroughly  mixed  with  this  food,  so  that  approximately  1  per  cent 
of  the  animal's  body  weight  would  be  fed  in  givmg  the  desired  dose  of 
squill.  The  weighed  sqmll-rat-food  mixtures  were  placed  in  individual 
glass  sponge  cups.  The  time  when  these  cups  were  placed  in  the 
cages  was  noted,  and  frequent  inspections  were  made  to  determine 
the  time  at  which  all  fooa  had  been  consumed.  The  dish  was  then 
removed  and  the  rat  left  without  food  and  water  until  the  next 
morning. 

Frequent  inspections  were  made  to  determine  the  onset  of  symptoms 
of  squill  poisoning.  Several  times  the  fatal  dose  of  fresh  scales  or  of 
food  containing  squill  powder  has  been  readily  eaten.  Concentra- 
tions up  to  40  per  cent  of  sc[uill  powder  in  rat  food  have  been  rapidly 
and  completely  devoured,  mdicating  that  the  presence  of  calcium- 
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oxalate  raphides  does  not  deter  a  starved  rat  from  eating  these 
products.  On  the  day  following  the  feeding  of  an  experimental  diet, 
animals  that  were  not  in  an  obviously  depressed  condition  or  that 
were  not  gyrating  viciously  were  offered  the  regular  diet  and  water. 
All  rats  that  died  within  five  days  after  having  been  fed  squill,  and 
in  which  squill  symptoms  had  been  produced,  were  considered  to 
have  been  killed  by  squill. 

The  detailed  results  obtained  from  about  3,000  white  and  400  wild 
(brown)  rats  are  reported  in  Tables  3,  4,  and  5.  The  preparations  as 
made  were  given  *'P.  C."  (pharmacology  card)  numbers  to  identify 
them.  As  these  experiments  were  carried  on  over  several  years,  the 
date  of  each  series  of  feeding  tests  is  given  to  show  that  there  was  at 
least  a  general  agreement  in  susceptibility  of  test  animals  throughout 
the  entire  investigation.  The  quantities  of  dried  squill  powder  fed 
are  given  in  grams.  The  numerator  of  each  fraction  shows  the 
number  of  rats  dying  from  the  indicated  dose  within  a  period  of  five 
days;  the  denominator  shows  the  total  number  of  rats  fed  -the  indi- 
cated dose.  The  MLD  (minimum  lethal  dose)  was  selected  as  the 
smallest  dose  of  a  dried  squill  powder,  in  milligrams  per  kilogram  body 
weight,  that  kiQed  all,  or  practically  all,  the  rats  within  five  days. 

EFFECTS  OF  SQUILL  ON  RATS 

Rats  that  have  eaten  a  toxic  dose  of  squill  soon  become  somewhat 
lethargic.  From  4  to  14  hours  later  they  usually  exhibit  character- 
istic tremors  and  sensory  depression  in  the  hind  legs.  This  is  fol- 
lowed by  progressive  paralysis  of  the  trunk  and  forelegs.  Respira- 
tion increases  in  rate  and  becomes  labored.  The  animal  next  starts 
a  peculiar,  extremely  characteristic  rotation  on  its  long  axis.  These 
gyrations  have  continued,  at  intervals,  for  half  an  hour  and  some- 
times for  24  hours.  The  animal  rolls  over  and  ovel-  for  some  time, 
and  then  stops,  apparently  through  fatigue.  After  resting,  it  re- 
sumes this  gyration.  Stimuli,  such  as  a  current  of  air,  cause 
prompt  resumption  of  gyrations.  Few  rats  that  showed  this  symp- 
tom recovered.  Post-mortem  examinations  of  a  number  of  animals 
indicated  acute  cardiac  dilatation,  and  hyperemia  of  the  gastrointes- 
tinal tract  and  omentum.  Although  no  cause  for  death  other  than 
acute  cardiac  dilatation  was  observed,  in  some  instances  the  heart 
beat  was  detected  after  the  cessation  of  respiration,  indicating  that 
respiratory  paralysis  played  a  part  in  producing  death  by  squill. 

RESULTS  OF  INVESTIGATION 

During  the  progress  of  this  investigation  a  number  of  individual 
problems  were  studied.  For  clarity  of  presentation,  the  results  ob- 
tained in  each  separate  study  are  reported  under  separate  headings. 
The  data  given  in  Tables  6  to  13  are  drawn  from  the  results  in  Tables 
2,  3,  4,  and  5. 
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Powders  made  at  80°  to  100°  C.  were  more  toxic  than  those  made 
at  other  temperatures.  Apparently  they  were  more  toxic  than  the 
fresh  bulbs  used  in  their  manufacture,  even  after  an  80  per  cent 
allowance  had  been  made  for  the  moisture  content  of  the  bulbs. 
The  powders  made  at  room  temperature  (25°  C.)  and  at  60°  C.  were 
less  toxic  than  the  fresh  bulbs  (on  a  dry  basis),  and  also  less  toxic 
than  powders  made  at  80°  C.  Temperatiu-es  above  100°  C.  seemed 
to  decompose  the  active  principle.  Somewhat  similar  findings  have 
been  reported  by  Claremont  (6).  Although  heating  rarely  increases 
toxicity,  such  a  result  is  not  unknown,  as  in  the  conversion  of  c^uinine 
into  quino toxin.  Further  investigation  is  necessary  to  determine  the 
factors  underljdng  this  apparent  increase  in  toxicity. 

It  was  concluded  that  the  most  toxic  powders  were  produced  at  a 
drying  temperature  of  80°  to  100°  C.    (Table  6.) 

Table  6. — Effect  of  temperature  on  toxicity  of  red-squill  powders 
[Mg.  per  kgm.  of  body  weight] 


Equiv- 
alent 
mini- 
mum 
lethal 
dose  of 
undried 
fresh 
bulb 

Minimum  lethal  dose  of  squill  dried  at— 

Series  No. 

25'»C. 

60°  C. 

80°  C. 

100°  C. 

110°  C. 

120°  C. 

140°  C. 

1  (hot-air  oven) 

750 
1,500 

400 

1,000 

750 

500 

2  (hot-air  oven)  ..     

1,250 

1,250 

750 

2,000 
1,500+ 
750 

2,500+ 
750 

3,000+ 
750 
750 

3  (vacuum  oven) . 

2,000 

4  (electric  oven) . 

1,250 

1,260 

DIRECT  OVEN  DRYING  VERSUS  PREUMINARY  AIR  DRYING 

^One  portion  of  each  of  seven  pairs  of  samples  prepared  from  the  same 
composite  lots  of  squill  bulbs  was  weighed  and  placed  directly  in  the 
drying  oven  at  the  desired  temperature.  The  other  portions  were 
exposed  on  open  watch  glasses  in  the  air  for  five  days,  after  which  they 
were  dried  at  the  same  temperatures  as  the  first  set.     (Table  7.) 


Table  7.— 

Effect  of  type  of  drying  on  toxicity 

Minimum  lethal  dose 
of  squill  powder- 

Rample  No. 

Minimum  lethal  dose 
of  squill  powder- 

Sample  No. 

Direct 
oven  dried 

Prelimi- 

nary  air 

dried 

Direct 
oven  dried 

Prelimi- 
nary air 
dried 

P.  C.  719 

Mg.  per  kg. 
of  body 
weight 
1,000 
250 
350 
500+ 

Mg.  per  kg. 
of  body 
weight 
625 
250 
400 
350 

p.  C.  723 

weight 
1,000+ 
500 
500 

weight 

500 

P.  C. 720 

P   C.  724 

760 

P.O.  721 

P.  C.  725 

625 

P.O.  722 n 

No  difference  was  found  in  one  set,  but  the  variations  in  toxicity 
in  the  other  sets  suggested  that  other  factors  played  more  significant 
r61es  in  the  development  of  toxicity.     Direct  oven  drying  is  a  simpler 
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and  more  convenient  procedure.  It  was  concluded  that  direct  oven 
drying  gives  as  good  results  as  preliminary  air  drying  in  the  produc- 
tion of  toxic  squill  powders. 

EFFECT  OF  FERMENTATION  ON  TOXICITY  AND  YIELD  OF  POWDER 

The  1925  experiments  showed  that  sliced  composites  of  fresh  squill 
bulb  fermented  rapidly  upon  exposure  to  the  air.  Accordingly,  an 
experiment  was  conducted  to  determine  the  effect  of  fermentation  on 
the  toxicity  of  squill  powders,  and  incidentally  to  determine  whether 
the  fermentation  was  conducted  upon  the  glucose  of  the  toxic  gluco- 
side  (or  glucosides). 

Portions  of  chopped  composite  taken  from  a  fermenting  lot  and 
dried  formed  series  1.  (Table  8.)  One  lot  (P.  C.  719A)  was  made 
by  directly  drying  the  unfermented  squill  in  an  electric  oven  at  80°  C. 
Another  (P.  C.  719AF)  was  made  from  the  same  composite,  which  had 
stood  in  a  closed  fruit  jar  for  11  days  at  room  temperature  (25°  C). 
By  this  time  the  fermentaion  had  reached  the  alcoholic  stage,  that  is, 
the  odor  of  alcohol  was  apparent  when  the  jar  was  opened.  From 
500,000,000  to  800,000,000  bacteria,  from  5,000,000  to  18,000,000 
yeasts,  and  10,000  molds  per  gram  were  found  in  different  parts  of 
the  material.^  After  fermentation  had  reached  the  acetic-acid  stage, 
sample  P.  C.  719AAF  was  taken. 


Table  8. — Effect  of  fermentation  on  yield  and  toxicity  of  red-squill  powders 

Yield 

Toxicity 

Series  No. 

Unfer- 
mented 

Alco- 
holic 

Acetic 
acid 

Unfer- 
mented 

Alco- 
holic 

Acetic 
acid 

1 

Per  cent 
23.2 

Per  cent 
17.8 

Per  cent 
12.0 

Mg.  per 

kgm.  of 

body 

weight 

1,000 

250-350 

500-1,000 

Mg.  per 

kgm.  of 

body 

weight 

2,000 

Mg.  per 
kgm.  of 

weight 
2,000 

2    ..              

750 

3                                                                

750 

For  series  2,  a  mixture  of 

bulbs  c 

jompris 

ing  the 

i  whitis 

h-pink 

(P.O. 

720)  and  the  pink-red  (P.  C.  721),  and  for  series  3  a  mixture  of  the 
deep-red  (P.  C.  722)  and  the  nearly  red  (P.  C.  723)  color  groups  of 
bulbs  (p.  21)  were  allowed  to  rot  to  the  slimy,  oozy  stage  and  were 
then  sliced  and  dried  in  a  steam-heated  commercial  drying  oven. 
Samples  P.  C.  767  and  P.  C.  768  were  produced. 

In  series  1  the  yield  and  the  toxicity  decreased  during  fermentation. 
The  sample  taken  during  the  stage  of  acetic-acid  fermentation  gave 
only  half  as  much  powder  as  the  unfermented  bulb,  and  it  was  only 
half  as  toxic  to  rats.  A  similar  loss  in  activity  was  noted  in  series  2. 
Incomplete  data  were  obtained  in  series  3,  owing  to  lack  of  material. 

It  was  concluded  that  chopped  bulbs  should  be  dried  immediately 
to  avoid  decreases  in  yield  and  toxicity  following  fermentation. 

EFFECT  OF  VARIABIUTY  OF  SQUILL  BULBS  ON  TOXICITY 

Variations  in  the  toxicity  of  squill  preparations  have  been  reported 
in  the  literature.  Origin,  climatic  conditions  during  growth,  and 
season  of  harvesting  are  reported  to  be  factors  in  the  toxicity  of  squill. 


»  These  determinations  were  made  by  B.  A-  Linden,  of  the  Food,  Drug,  and  Insecticide  Administration, 
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In  the  1924  experiments,  the  minimum  lethal  dose  to  white  rats  of  the 
powders  made  simultaneously  from  two  individual  bulbs  was  found 
to  be  250  and  3,000  milligiams  per  kilo  of  body  weight.  In  the  1925 
experiments  six  powders  were  made  at  the  same  time,  and  dried  in  the 
same  oven  at  80°  C.  simultaneously.  Each  powder  was  made  from 
a  single  bulb,  three  from  large  bulbs  (weighing  around  750  to  1,000 
grams  each),  and  three  from  small  bulbs  (weighing  around  200  grams 
each).  The  lethal  doses  to  white  rats  were  found  to  be  500,  500,  and 
2,500  milligrams  per  kilo  of  body  weight  for  the  powders  from  the 
large  bulbs,  and  250,  250,  and  over  5,000  milligrams  per  kilo  of  body 
weight  for  powders  made  from  the  small  bulbs.  No  characteristic 
difl'erences  in  the  appearance  of  the  bulbs  or  powders  were  apparent. 

A  sample  of  red-squill  bulbs  from  Sardinia  was  found  somewhat 
more  toxic  than  one  grown  in  Sicily  during  the  same  year. 

Powders  were  prepared  from  composites  of  various  portions  of  squill 
bulbs  to  see  if  material  differences  in  toxicity  could  be  found.  The 
minimum  lethal  dose  to  white  rats  of  the  powder  from  the  outer  dry 
husks  and  scales  was  over  3,000  milligrams  per  kilo  of  body  weight, 
that  of  the  middle  fleshy  scales  was  500  and  750  milligrams  per  kilo 
of  body  weight,  and  that  of  the  central  core  was  1,000  and  over  3,000 
milligrams  per  kilo  of  body  weight. 

The  readily  available  outer  dry  husks  were  stripped  from  all  bulbs 
before  the  bulbs  were  sliced,  in  the  preparation  of  squill  powders. 
Although  the  core  was  less  toxic  than  the  middle  fleshy  scales,  it 
constituted  so  small  a  portion  of  the  bulb  that  it  was  not  deemed 
necessary  to  remove  it. 

It  was  concluded  that  powders  should  be  made  from  composites  of 
a  number  of  bulbs,  and  that  the  outer  dry  husks  should  be  rejected. 

EFFECT  OF  INTENSITY  OF  COLOB  OF  SQUILL  BULBS  ON  TOXICITY 

The  color  of  the  middle,  fleshy  scales  of  squill  varies  in  intensity 
from  a  light  whitish  pink  to  a  deep  mahogany.  A  sackful  of  bulbs 
was  arbitrarily  divided  into  four  color  groups,  and  powders  were 
prepared  from  six  bulb  composites  of  each  group  by  two  methods: 
(1)  One  portion  of  the  chopped  composite  was  directly  oven-dried 
at  80°  C.  for  45  hours  to  constant  weight;  (2)  the  remainer  of  the 
chopped  composite  was  exposed  to  the  air  for  46  hours  at  room  tem- 
perature (25°  C.)  and  then  dried  in  the  electric  oven  at  80°  C.  for 
93  hours  to  constant  weight.  The  quantities  of  bulbs  in  each  color 
class,  and  the  minimum  lethal  doses  to  white  rats  are  given  in  Table  9. 


Table  9.- 

-Effect  of  intensity  of  color  of  squill  bulbs  on  toxicity 

Sample  No. 

Color  of  bulbs 

Quantity  of  bulbs 

Minimum  lethal 
dose    of    powder 
made  by- 

Method  1 

Method  2 

P.  C.720 

Whitish  pink 

Kgm. 

ao 

9.0 
35.0 
29.8 

Per  cent 

3.9 

11.7 

45.6 

sas 

Mg.  pn 

weight 

250 

350 

1,000+ 

500+ 

250 

P.  C.  721 

Pink  red 

400 

P.  C.723     

Nearly  red       .      .. 

500 

P.O.  722 

Deep  red 

360 
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The  powders  made  by  one  method  were  about  as  toxic  as  those  by 
the  other  in  all  but  the  nearly  red  group.  The  whitish-pink  bulbs 
gave  the  most  toxic  powder  and  the  nearly  red  ones  the  least,  although 
still  satisfactorily  potent.  As  nearly  red  bulbs  comprised  almost 
half  the  shipment,  it  was  not  deemed  desirable  to  reject  them,  even 
though  they  were  less  toxic  than  those  of  the  other  groups.  To 
facilitate  the  application  of  experimental  results  to  commercial 
conditions,  all  powders  thereafter  were  made  from  run-of -shipment 
bulbs,  without  regard  to  color.  Properly  selected  light-colored 
bulbs,  however,  might  give  more  toxic  powders. 

TOXICITY  OF  WHITE  SQUILL  TO  RATS 

White  squill  is  reported  to  be  botanically  identical  with  red  squill 
and  to  have  essentially  the  same  microscopic  appearance,  except  for 
the  lack  of  pigment  cells.  The  minimum  lethal  dose  of  three  samples 
of  white-squill  powder  fed  to  rats  could  not  be  determined,  but  it 
was  more  than  18,000  milligrams  per  kilo  of  body  weight.  White 
squill  is  apparently  nontoxic  to  rats. 

TOXICITY  OF  CALCIUM  OXALATE  TO  RATS 

The  presence  of  calcium  oxalate  in  squill  powders  has  been  uni- 
versally recognized.  Fliickiger  and  Hanbury  {9,  p.  691)  report  the 
presence  of  3.07  per  cent  of  CaC204.3  H2O  in  a  sample  of  dried  white 
squill.  A  dose  of  1,000  milligrams  per  kilo  of  body  weight  of  calcium 
oxalate  (equivalent  to  33,000  milligrams  per  kilo  of  squill,  calculated 
from  Fliickiger's  assay)  was  fed  to  rats  without  producing  any 
apparent  effect.  Since  calciimi  oxalate  is  present  in  white  as  well  as 
in  red  squill,  and  since  the  squill  powders  that  kill  rats  in  doses 
around  200  milligrams  per  kilo  would  contain  only  6  milligrams  per 
kilo  of  calcium  oxalate  in  the  lethal  dose,  it  was  concluded  that 
calcium  oxalate  itself  could  not  be  the  primary  cause  of  death  in  rats 
dying  after  eating  red-squill  powders. 

PREPARATION  OF  RED-SQUILL  POWDER  ON  A  SEMICOMMERCIAL  BASIS 

From  10  to  30  kilograms  of  squill  bulbs  were  dried  in  a  65  by  150 
by  200  centimeter  (25  by  60  by  80  inches,  approximately)  drier, 
holding  six  trays,  each  27.5  by  90  centimeters  (12  by  36  inches),  and 
heated  by  closed  steam  coils.  The  temperature  was  kept  constant 
within  4°  or  5°  C.  during  a  given  run.  The  outer  scales  were  stripped 
off  and  the  bulbs  were  sUced  by  hand  or  by  shcing  machines  onto 
tared  trays,  until  the  trays  were  covered  to  a  depth  of  2  to  3  inches. 
The  trays  were  placed  in  the  oven,  which  had  previously  been  heated 
to  the  desired  temperature.  Weights  were  taken  from  time  to  time 
until  constancy  of  weight  indicated  that  the  bulbs  had  dried  to 
equilibrium.  The  dried  bulbs  were  then  mixed  and  ground  in  an 
electric  mill  until  the  product  passed  through  a  40-mesh  sieve.  The 
ground  powder,  after  being  again  thoroughly  mixed,  was  placed  in 
screw-top  cardboard  mailing  tubes  for  protection  from  the  air. 
After  six  months  to  a  year,  the  powder  in  these  cardboard  tubes 
solidified  into  a  hard  cake,  but  no  change  in  toxicity  could  be  detected. 
(Table  10.) 
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Table  10. — Effect  of  aemicommercial  preparation  on  toxicity  of  red-squill  powders 


Run  No. 

Sample 
No 

Color  of  bulbs 

Fermentation 

Minimum 
lethal  dose 

P.  C. 

f      724A 
724B 
725A 
725B 
760 
770 

f      776 
767 

I      768 

Deep  red  and  nearly  red 

None 

Mg.  per 

weight 

500 

do 

Slight 

750 

1 

Whitish  pink  and  pink  red 

500 

do                     

Slight    .  . 

625 

2 

Mixed 

None 

600 

3 

do 

do 

do.. 

do 

760 

625 

4 

Whitish  pink  and  pink  red 

Acetic  acid 

..    do 

750 

Deep  red  and  nearly  red ... 

760 

For  the  first  trial  run,  the  outer  scales  were  removed  from  about 
150  kilograms  of  fresh  bulbs,  which  were  then  arbitrarily  divided 
into  two  groups,  deep  red  and  nearly  red  (P.  C.  724),  and  whitish 
pink  and  pink  red  (P.  C.  725).  One  portion  of  each  group  was  sliced, 
weighed,  placed  directly  in  the  oven,  and  dried,  at  temperatures  rang- 
ing from  68°  to  75°  C,  the  average  being  72°.  The  remainder  was 
sliced,  weighed,  and  left  exposed  to  the  air  for  four  days.  Slight 
fermentation  had  started  when  the  material  was  loaded  into  the  oven 
and  dried  at  the  same  temperature  as  the  first  group. 

For  the  second  run  (P.  C  760)  a  composite  of  250  kilograms  of 
bulbs,  irrespective  of  color,  was  used.  The  outer  husks  were  removed, 
and  the  bulbs  were  sUced  into  large  chunks.  The  weighed  material 
was  dried  at  once  at  a  temperature  ranging  from  70°  to  80°  C. 

For  the  third  nm  (P.  C.  770)  a  composite  was  made  from  2  sack- 
fuls  of  bulbs.  A  machine  was  employed  to  make  imiform  sHces  ap- 
proximately a  quarter  of  an  inch  thick.  This  brought  out  much  of 
the  mucilaginous  material  from  the  bulbs  and  reduced  them  to  a  more 
sHmy  consistency  before  drying.  Conditions  were  therefore  unin- 
tentionally made  more  favorable  for  fermentation.  The  use  of  sharp 
instruments  in  sHcing  the  bulbs  is  advisable  to  avoid  bringing  out  an 
excess  of  the  mucilaginous  juices.  During  the  first  three  days  of 
drying  the  oven  temperature  was  maintained  at  40°  to  50°  C.  On 
the  fourth  day  it  was  brought  up  to  80°,  where  it  was  held  during  the 
rest  of  the  drying  period. 

One  portion  of  the  fourth  run  (P.  C.  775)  consisted  of  the  remainder 
of  the  bulbs  used  in  the  preparation  of  P.  C.  770.  They  were  also 
finely  sUced.  In  addition,  bulbs  that  had  been  stored  at  4°  to  5°  C. 
for  three  months  were  used.  Fermentation  during  storage  had  been 
marked.  The  bulbs  were  soft  and  spongy,  with  the  leaves  separat- 
ing, and  were  dripping  mucUaginous  slime.  Two  composites  were 
made.  The  whitish  pink  (P.  C.  720)  and  pink  red  (P.  C.  721)  gi-oups 
were  consoUdated  as  P.  C.  768;  the  deep  red  (P.  C.  722)  and  nearly 
red  (P.  C.  723)  groups  were  consoUdated  as  P.  C.  767.  The  spongy 
bulbs  were  sliced  onto  a  tray  and  placed  directly  in  the  oven  to  dry. 
During  the  fourth  run  the  oven  temperature  was  held  at  approxi- 
mately 80°  C.  ' 

Although  the  temperature  was  not  held  so  constant  as  in  the  elec- 
tric oven,  the  products  obtained  in  the  steam  oven  corresponded 
reasonably  weU  in  toxicity  with  corresponding  samples  from  the  same 
composite  dried  in  the  electric  oven.     Thus,  the  minimum  lethal  dose 
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of  P.  C  127 K,  dried  in  an  electric  oven,  was  500  milligrams  per  kilo 
of  body  weight,  and  that  of  P.  C.  724A  and  of  P.  C.  725A,  dried  in  a 
steam  oven,  was  the  same. 

Sample  P.  C.  760  in  the  second  run  and  P.  C.  775  in  the  fourth  run 
were  made  at  80°  C,  and  both  were  more  toxic  than  P.  C.  770  in  the 
third  run,  which  was  held  at  40°  to  50°  for  three  days  before  being 
heated  to  80°.  This  suggests  that  a  rapid  rise  to  80°  for  the  fresh 
bulb  tends  to  produce  the  most  toxic  squill  powder. 

The  rate  of  drying  was  followed  only  until  uniform  weight  was 
indicated.  At  80°  C.  it  seems  that  drying  would  be  complete  in  about 
three  days. 

Although  food  containing  40  per  cent  of  squill  powder  was  readily 
eaten,  10  per  cent  concentrations  were  used  in  most  instances.  With 
this  concentration,  a  rat  consuming  1  per  cent  of  its  body  weight  of 
food  would  consume  0.1  per  cent  of  its  body  weight  of  squill,  or  1,000 
milligrams  of  squill  per  lalo.  Accordingly,  squill  preparations  having 
a  lethal  dose  at  or  below  1,000  milligrams  per  kilo  appear  to  be 
sufficiently  toxic  for  commercial  purposes.  Most  of  the  experimental 
powders  killed  in  materially  smaller  doses. 

The  production  under  semicommercial  conditions  on  a  semicommer- 
cial  scale  of  squill  powders  having  similar  toxicities  indicates  the 
possibility  of  successfully  manufacturing  squill  powders  of  a  satis- 
factory degree  of  toxicity  on  a  commercial  basis. 

RELATIVE  SUSCEPTIBILITY  OP  WHITE  RATS  AND  OF  WILD  (BROWN)  RATS  TO  SQUILL 

POWDERS 

From  the  literature  it  would  seem  that  wild  (brown)  rats  are  more 
susceptible  to  squill  than  white  rats.  The  lethal  doses  found  in  the 
investigations  here  reported,  when  the  same  powder  was  fed  to  the 
two  forms,  are  given  in  Table  1 1 . 


Table  11. 


-Relative  susceptibility  of  white  rats  and  of  wild  (brown)  rats  to  squill 
powders 


Sample  No. 

Minimum  lethal 
dose  for— 

Ratio 

White 
rats 

Wild 
rats 

P.  C. 
16. 

Mg.  per 

weight 
750 
600 
250 
2,000 
250 
250 
350 
500+ 

Mg.  per 

kgm.  of 

body 

weight 

250 

500 

200 

500+ 

250 

150 

350 

500 

3.0 
1.0 
1.25 
(4.0-) 
1.0 
1.7 
1.0 
(1.  0+) 

18 — 

38 

719AF. 

720A... 

720B 

721A. 

722A 

Sample  No. 


723  A. 

724  A. 
724B. 

725  A. 
725B. 
727  A. 


P.  C. 


Average- 


Minimum  lethal 
dose  for — 


White 
rats 


Mg.  per 

kgm.  of 

body 

weight 

1,000+ 

500 

750 

500 

625 

500 


Wild 
rats 


Mg.  per 
kgm.  of 
body 
weight 
500 
600 
500 
300+ 
600 
500+ 


Ratio 


(2.0+) 
1.0 
1.5 

(1.  7-) 
1.3 
(1.0-) 


1.5 


In  some  series  no  difference  in  susceptibility  was  noted;  in  others 
the  wild  rats  appeared  to  be  about  three  times  as  sensitive.  Lack  of 
material  and  the  difficulty  of  obtaining  a  fairly  large  supply  of  wild 
rats  for  feeding  purposes  at  any  definite  time  prevented  more  accurate 
determinations   of  differences  in  susceptibility  of  the   two   forms. 
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Results  obtained  in  these  14  series  confirm  Claremont's  findings  (5) 
that,  on  the  average,  less  squill  powder  is  required  to  kill  wild  rats 
than  is  required  to  kill  white  rats. 

EFFECT  OF  RED-SQUILL  POWDERS  ON  DOMESTIC  AND  OTHER  ANIMALS 

Previous  investigators  have  stated  that  squill,  although  toxic  to 
rats,  is  not  toxic  to  cats,  dogs,  chickens,  and  other  domestic  animals. 
As  no  data  showing  the  minimum  lethal  dose  of  red  squill  to  these 
animals  were  found  in  the  literature,  a  series  of  experiments  was 
undertaken  to  determine  the  toxicity  of  squill  to  animals  other  than 
rats. 

CATS 

Squill  powders  were  mixed  with  whole-milk  powder,  and  various 
proportions  were  added  to  100  grams  of  lean  hashed  meat,  which  was 
then  fed  to  cats.  In  food  containing  10  to  25  parts  of  squill  powder 
per  million  the  unusual  flavor  was  detected,  and  the  food  was  eaten 
slowly  but  completely.  The  quantities  of  food  containing  higher 
concentrations  of  squill  that  cats  consumed  within  24  hours  were  then 
determined.     (Table  12.) 

Table  12. — Relative  percentages  of  squill-meai  baits  eaten  by  cats  in  a  2j^-hour 

-period 


Concentration  of  squill  (parts  per 
million) 

Percent- 
age eaten 

Concentration  of  squill  (parts  per 
million) 

Percent- 
age eaten 

100 

100 
90 
64 
75 

2,500. 

8 

200 

5,000 

20 

600 

10,000 

7 

1,000 

As  rat  baits  are  customarily  exposed  in  concentrations  of  10  per 
cent,  or  100,000  parts  per  million,  cats  probably  will  not  eat  such  food. 


DOGS 


Dogs  refused  ground  meat  containing  1,000,  2,500,  and  5,000 
parts  of  squill  powder  per  million  of  meat.  When  squill  powder 
suspended  in  water  was  injected  into  the  stomach  by  stomach  tube, 
emesis  and  diarrhea  followed  in  several  instances  after  doses  of  100 
milligrams  per  kilo  of  body  weight.  As  dogs  refused  food  containing 
a  small  concentration  of  squill  powder,  such  as  1,000  parts  per  million, 
it  does  not  seem  that  they  would  be  hurt  by  squill.  Two  separate 
instances  have  been  noted  where  dogs  gulped  down  squill  rat  baits 
containing  10  per  cent  of  squill  mixed  with  sausage.  Emesis  was  the 
only  effect  noted. 


CHICKENS 


No  effect  was  observed  following  the  injection  into  chickens'  crops 
of  quantities  less  than  2,000  milligrams  of  squill  powder  per  kUo  of 
body  weight.  Diarrhea  followed  the  injection  of  2,000  and  3,000 
milligrams  per  kilo.  Squill  powder  was  mixed  with  cracked  com  and 
with  laying  mash  in  10  per  cent  concentrations.  After  one  or  two 
picks,  chickens  refused  to  eat  such  food.  Two  chickens  were  placed 
on  a  diet  containing  10  per  cent  of  squill  powder  in  growing  mash. 
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After  refusing  to  eat  for  several  days,  they  consumed  the  mash  with- 
out much  hesitation.  This  food  was  continued  for  two  weeks,  during 
which  time  the  chickens  apparently  grew  as  well  as  controls  fed  on 
untreated  mash.  Odom  Stewart,  formerly  of  the  Bureau  of  Biological 
Survey,  in  experiments  with  baby  chicks  at  Raleigh,  N.  C,  concluded 
that  chicks  are  not  likely  to  eat  enough  feed  containing  10  per  cent 
of  powdered  red  squill  in  1,  2,  or  3  feedings  to  cause  death,  even  when 
fed  it  to  the  exclusion  of  other  foods. 

PIGEONS 

After  a  few  picks,  pigeons  refused  to  eat  mash  containing  10  per 
cent  of  squill  powder.  Injection  of  2,000  milligrams  of  squill  powder 
per  kilo  of  body  weight  into  the  crop  failed  to  produce  any  noticeable 
effect.  The  injection  of  3,000  and  4,000  milligrams  per  kilo  resulted 
in  emesis,  but  no  other  untoward  effect  could  be  noted. 


A  dose  of  250  milligrams  of  squill  powder  per  kilo  was  given  in  a 
gelatin  capsule  at  10.45  a.  m.  to  a  4-month-old  pig  weighing  about 
16  kilograms.  No  evidence  of  squill  action  was  noticeable  until 
about  4  p.  m.,  when  signs  of  gastric  distress  developed.  The  pig 
vomited  several  times  during  the  night.  At  9  o'clock  the  next  morning 
it  was  unable  to  stand  without  definite  ataxia,  and  consistently 
refused  food,  but  drank  water  freely.  Some  food  was  eaten  at  noon 
but  it  was  vomited  about  3  p.  m.  The  pig's  tail  was  limp  and  straight, 
although  at  the  time  of  feeding  it  was  tightly  curled.  On  the  second 
day  after  the  injection  the  pig  had  practically  recovered. 

After  a  9-day  intermission,  to  permit  complete  recovery  from  the 
first  dose,  a  mixture  of  cracked  corn  and  middlings  containing  10 
per  cent  of  the  same  squill  powder  was  offered.  The  pig  took  only 
one  or  two  bites,  then  grunted,  refused  further  food,  and  vigorously 
rubbed  its  snout  on  the  cage  walls  and  floor.  This  reaction  was 
probably  due  to  the  sting  of  the  calcium-oxalate  rap  hides.  Half  an 
hour  later,  and  again  the  next  morning,  the  same  squill  food  was 
refused,  but  untreated  food  was  readily  consumed. 

Post-mortem  examination  showed  nothing  abnormal,  except  some 
evidence  of  irritation  in  the  stomach.     When  the  body  weight  of  a 

Eig  is  considered,  it  is  readily  apparent  that  the  quantity  of  squill 
ait  required  to  cause  toxic  effects  would  need  to  be  very  large.  For 
this  particular  animal,  the  quantity  of  squill  power  given  would  be 
sufficient  to  kill  16  kilograms  (35  pounds)  of  rats.  Under  ordinary 
conditions  of  rat  baiting,  it  hardly  seems  possible  that  a  pig  would 
consume  enough  poisoned  bait  to  cause  trouble. 

WOODCHUCKS 

Injected  in  aqueous  suspension  into  the  stomach  of  woodchucks, 
the  minimum  lethal  dose  of  sample  P.  C.  18  was  found  to  be  500 
milligrams  per  kilo  of  body  weight  (the  same  as  for  rats).  Vomiting, 
however,  frequently  followed  even  smaller  doses.  Baits  containing 
squill  were  refused.  SquiU  does  not  seem  to  be  suitable  for  use  in 
controlling  woodchucks, 
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PRAIRIE  DOGS  AND  POCKET  GOPHERS 

Prairie  dogs  and  pocket  gophers  refused  to  eat  freshly  exposed 
squill  baits.  After  rains  had  washed  off  the  squill,  the  remaining 
baits  were  readily  consumed. 

From  these  feeding  and  stomach-tube  experiments,  it  seems  safe 
to  conclude  that  squul  mixtures  containing  5  to  10  per  cent  of  squill 
powder  either  will  not  be  eaten  by  animals  other  than  rats,  or  will 
produce  emesis  with  direct  removal  of  the  poison.  Probably,  there- 
fore, squill  powders  deserve  the  reputation  accorded  them  in  the 
literature  of  being  generally  harmless  to  farm  animals.  Of  course, 
failure  to  produce  death  may  be  due  to  the  animal's  failure  to  eat 
and  retain  enough  squill  powder,  rather  than  to  relatively  high  species 
resistance  or  insusceptibility. 

YIELDS  OF  TOXIC  SQUILL  POWDERS  ("RAT  UNITS") 

Generally  speaking,  squill  bulbs  lose  80  per  cent  of  their  weight 
during  drying.  The  yields  of  powder  obtained  when  samples  were 
dried  under  stated  conditions  are  given  in  Table  13.  The  weight  of 
powder  obtained  in  following  a  given  process  is  not  significant  of 
the  efficiency  of  the  process  unless  the  toxicity  of  the  powder  obtained 
is  also  considered.  Two  kilograms  of  a  highly  toxic  powder  may 
represent  a  better  yield  than  4  kilograms  of  a  relatively  nontoxic 
preparation.  It  is  necessary  to  know  both  the  yield  and  the  toxicity 
in  judging  the  efficiency  of  producing  a  squill  powder  under  a  given 
set  of  conditions. 
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In  an  attempt  to  express  in  a  single  figure  the  results  of  combining 
the  two  variables,  yield  and  toxicity,  the  so-called  **rat  units"  of 
powders  have  been  calculated.  A  ''rat  unit"  is  the  yield  in  grams 
from  1  kilogram  of  fresh  squill  bulbs  divided  by  the  minimum  lethal 
dose  in  grams  per  kilo  of  body  weight.  It  is  the  number  of  kilograms 
of  rats  that  should  be  killed  by  the  powder  obtained  from  a  kilogram 
of  fresh  squill  bulbs  treated  by  the  method  under  consideration.  For 
example,  if  a  20  per  cent  yield  was  obtained  by  a  certain  method,  and 
the  powder  had  a  minimum  lethal  dose  of  500  milligrams  per  kilo 
of  body  weight,  the  rat  unit  for  the  method  would  be  calculated  as 
follows : 


Yield       =20  per  cent  XI  kilogram  of  fresh  bulbs = 
Toxicity  =  500  milligrams  per  kilo  =  0.  5  grams 
i>  ^      •.         Yield       200     ^^^ 


200  grams 


Another  method  for  making  a  powder  with  200  rat  units  would 
obviously  be  less  valuable,  being  but  half  as  efficient.  The  rat  units 
determined  for  a  number  of  series  of  samples  are  given  in  Table  14. 

Table  14. — Yields  of  toxic  squill  powders 


Sample 
No. 

Method  of 
drying 

Yield 

Mini- 
mum 
lethal 
dose 

Rat 
units 

Sample 
No. 

Method  of 
drying 

Yield 

Mini- 
mum 
lethal 
dose 

Rat 
units 

P.  C. 
761 

Fresh  bulb 

Per 
cent 

Mg. 

per 
kgm. 
of  body 
weight 
4,000 
1,000 
2,000 
2,000 
1,250 
1,000 

250 

350 

500+ 
1,000+ 

625 

250 

400 

350 

250 
230 

90 

60 
190 
230 
480 
370 
430— 
240- 
350 
400 
300 
690 

P.C. 

723B 

727A 

762 

774 

763 

764 

782 

765 

724A 

725A 

760. 

770 

775 

Electric  oven... 

do 

do 

do. 

do 

do 

do 

do 

Steam  oven 

do.... 

do 

do 

do 

Per 

cent 
22.3 
23.9 
19.5 
22.5 
22.5 
22.0 
21.0 
23.5 
21.5 
20.6 
20.4 
22.2 
21.2 

Mg. 

per 

kgm. 

of  body 

weight 

500 

600 

750 

1,250 

7.50 

2,000 

1,250 

1,250 

500 

500 

500 

750 

625 

450 

719A 

719AF... 
719AAF.. 

766 

719A 

720A 

721A 

722A 

723A 

719B 

720B 

721B 

722B 

Electric  oven... 

do 

do 

Desiccator 

Electric  oven... 

do 

do.... 

do 

do.... 

-—do 

do... 

.....do. 

do 

23.2 
17.8 
12.0 
23.5 
23.2 
12.0 
12.9 
21.5 
24.4 
21.5 
10.1 
11.9 
20.7 

480 
260 
180 
300 
110 
170 
190 
430 
410 
410 
300 
340 

The  rat  unit  for  the  fresh  bulb  (P.  C.  761)  was  250.  Essentially 
the  same  value  was  obtained  for  P.  C.  719A  in  the  unfermented  stage. 
Fermentation  to  the  alcoholic  stage  reduced  the  rat  unit  to  90,  and 
further  fermentation  to  the  acetic-acid  stage  caused  a  drop  to  60, 
showing  the  loss  in  activity  during  fermentation  to  be  progressive. 
Freezing  caused  a  decrease  to  about  200  rat  units.  The  rat  units  of 
powders  prepared  under  laboratory  conditions  ranged  from  110  to 
590,  while  the  values  for  powders  made  under  semicommercial  condi- 
tions ranged  from  300  to  430.  Attention  to  manufacturing  details 
would  be  expected  to  raise  the  rat  units  for  commercial  powders 
above  500.  Indeterminate  values  for  two  of  the  P.  C.  No.  719 
series  prevent  careful  comparison,  but  the  A  series  averaged  less  than 
350,  whereas  the  B  series  averaged  420  rat  units.  This  would  sug- 
gest that  preliminary  air-drying  treatment  given  the  B  series  pre- 
served the   toxicity  or  aided  in  its  development.     The  fact  that 
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many  powders  have  rat  units  greater  than  250,  the  vahie  for  fresh 
squill  bulbs,  also  suggests  that  the  toxic  principle  in  squill  bulbs  may 
be  Hnked  to  some  plant  ingredient  in  a  thermolabile  condition,  and 
that  the  toxic  principle  is  liberated  by  heating  to  80°  to  100°  C. 

STABIUTY  OF  SQUILL  POWDERS 

Two  red-squill  powders  stored  in  screw-top  vials  in  the  light  for  15 
months  showed  no  change  in  lethal  dose.  A  10  per  cent  squill  bis- 
cuit that  had  been  baked  was  as  toxic  a  year  later  as  the  squill  con- 
tent would  require.  A  number  of  powders  tested  over  a  period  of  a 
year  have  shown  no  evidence  of  loss  of  activity. 

ACCEPTANCE  TESTS 

To  determine  the  palatability  of  10  per  cent  squill  biscuit  as  com- 

Eared  with  that  of  commercial  samples  of  5  per  cent  arsenious-oxide 
iscuit  and  30  per  cent  barium-carbonate  biscuit,  several  dishes  were 
placed  in  a  cage  containing  a  starved  white  rat.  Each  dish  contained 
more  poisoned  food  than  would  be  necessary  to  cause  death  by  itself. 
After  exposure  from  one  to  five  hours,  the  dishes  were  removed,  and 
the  quantities  of  food  consumed  were  determined.  A  number  of 
tests  were  run  simultaneously.  With  the  weight  of  squill  biscuit  eaten 
considered  as  unity  in  each  case,  the  ratio  of  control  biscuit  to  10  per 
cent  squill  biscuit  was  2.6  :1.0;  that  of  5  per  cent  arsenious-oxide 
biscuit  to  10  per  cent  squill  was  0.17  : 1.0;  and  that  of  30  per  cent 
barium-carbonate  biscuit  to  10  per  cent  squill  biscuit  was  0.93  : 1.0. 
The  absolute  quantities  of  poisons  consumed  would  then  be  in  the 
ratio  of  250  squill  to  750  barium  carbonate  to  20  arsenious  oxide. 
These  figures  are  roughly  proportional  to  the  minimum  lethal  doses 
of  the  poisons  under  consideration.  Barium  carbonate  is  approxi- 
mately one- third  as  toxic  as  squill  powder;  fed  in  three  times  the 
concentration,  about  equal  quantities  of  bait  are  consumed.  As  the 
toxicity  of  arsenious  oxide  depends  upon  its  degree  of  fineness,  closer 
comparisons  are  not  available. 

A  field-acceptance  test  in  comparison  with  phosphorus  baits  is  re- 
ported by  Teall.®  At  Vienna,  Austria,  an  organized  2-day  rat-kill- 
mg  campaign  was  held  in  January,  1927,  phosphorus  baits  being  used 
exclusively.  Of  1,460,000  baits  exposed,  about  20  per  cent  were  taken. 
In  March,  1927,  another  2-day  campaign  was  undertaken,  during 
which  only  squill  baits  were  used.  Of  1,260,000  baits  exposed,  more 
than  50  per  cent  were  taken.  It  was  noted  that  squill  was  taken  in 
many  houses  where  phosphorus  bait  had  not  been  touched. 

The  degree  of  acceptance  of  squill  baits  varies  with  the  relative 
palatabiUty  to  rats  of  the  foods  with  which  the  squill  is  mixed.  Direc- 
tions for  preparing  and  distributing  red-squill  baits  have  recently 
been  pubUshed  by  the  Department  of  Agriculture  {24,  p.  8,  9). 

COMMERCIAL  SQUILL  RAT  POISONS 

Three  liquid  squill  extracts  that  had  been  offered  for  sale  as  rat 
poisons  were  tested.  One  was  one-fourth  and  the  other  two  were 
less  than  one-tenth  as  toxic  as  their  labels  would  indicate.  Two 
squill  biscuits  and  three  squill  powders  were  found  to  correspond  in 
toxicity  to  the  labeled  claims  for  squill  content. 

•Tball,  O.  OBQANttATiON  and  BE8ULT8  or  thb  nRST  VIENNA  rat-kiujno  campajon.  (Second  sup- 
plementary report  to  Report  No.  6025  dated  May  20,  VJ'2C),  in  reply  to  department's  unnumbered  instruc- 
tion of  March  28,  1925,  File  No.  1027-1B48.)  [1927.]  [Original,  on  Hie  in  Department  of  State,  not  seen. 
Copy  on  file  in  U.  8.  Dept.  Agr.,  Bur.  Biol.  Survey.] 
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EXTRACTION  OF  TOXIC  PRINCIPLES  BY  VARIOUS  SOLVENTS 

To  obtain  information  regarding  the  chemical  nature  of  the  toxic 
principle  of  red  squill,  a  mixture  of  two  powders  (P.  C.  724 A  and 
P.  C.  725A)  was  taken  for  intensive  study.  Seventy-five-gram  por- 
tions in  Soxhlet  thimbles  were  extracted  with  water,  with  95  per 
cent  ethyl  alcohol,  with  acetone,  and  with  chloroform,  until  there  was 
no  further  appearance  of  color.  The  solutions  were  concentrated  in 
a  current  of  warm  air,  and  the  resulting  solid  extracts  were  dried  in 
an  electric  oven  at  80°  C.  and  finally  in  a  vacuum  desiccator  over 
calcium  chloride.  The  residues  were  removed  from  the  Soxhlet  thim- 
bles and  dried  in  the  electric  oven  at  80°.  Feeding  tests  were  made 
with  the  original  mixed  powder  and  with  some  of  the  extracts  and 
residues. 

The  water  extraction,  started  on  January  20,  1926,  was  run  from 
8.30  a.  m.  until  5  p.  m.  daily  for  19  days.  The  dark-red  mucilaginous 
extract,  possessing  an  odor  of  molasses,  was  concentrated  on  a  steam 
bath,  then  dried  in  an  oven,  and  finally  allowed  to  stand  over  calcium 
chloride  in  a  desiccator  until  constant  in  weight.  It  was  ground  to 
pass  through  a  40-mesh  sieve.  Both  the  extract  (P.  C.  751)  and  the 
exhausted  residue  (P.  C.  750)  were  very  low  in  toxicity,  indicating 
that  the  active  principle  is  decomposed  by  this  treatment. 

The  alcohoHc  extraction  for  19  days  removed  a  much  smaller 
quantity  of  mucilage,  but  apparently  as  much  color  as  did  the  water 
extraction.  The  residue  caked  and  became  very  hard  upon  exposure 
to  the  air.  The  soUd  extract  (P.  C.  749)  had  a  rather  oily  feel, 
and  was  the  most  toxic  extract  in  this  series.  The  lethal  dose  of 
the  residue  (P.  C.  748)  exceeded  5,000  milligrams  per  Idlo  of  body 
weight.     The  residue  therefore  is  inert  (nontoxic). 

Acetone  extraction  gave  a  small  yield  of  lemon-yellow  crystals 
(P.  C.  755)  and  no  mucilage  or  color.  Feeding  tests  showed  that 
the  veiy  fluffy  residue  (P.  C.  754)  was  two-thirds  as  toxic  as  the 
original  powder,  indicating  that  a  portion  of  the  toxic  principle  is 
destroyed  during  the  treatment  with  acetone. 

Chloroform  gave  the  same  result  as  acetone.  The  soUd  extract 
(P.  C.  757)  was  small  and  oily.  The  fluffy  residue  (P.  C.  756)  was 
somewhat  less  toxic  than  the  original  powder.  The  acetone  and  the 
chloroform  extracts  were  too  small  to  be  used  for  feeding  tests. 

Distilled  water  was  repercolated  through  another  75-gram  charge. 
Channels  formed,  producing  incomplete  extraction.  So  much  muci- 
lage dissolved  that  after  seven  days  further  repercolation  was  found  to 
be  impossible.  The  thick,  molassesUke  percolate  had  a  sweetish  odor 
and  reduced  Fehling's  solution.  Evaporated  to  a  veiy  dark-brown, 
tough,  solid  extract  (P.  C.  759),  it  was  readily  eaten  by  rats.  The 
lethal  dose  was  1,500  milligrams  per  Idlo  of  body  weight.  The  incom- 
pletely extracted  residue  was  not  fed  to  rats. 

To  study  further  the  effect  of  water  in  extracting  the  toxic  prin- 
ciple, 75  grams  of  squill  powder  were  placed  in  a  beaker  with  about 
800  cubic  centimeters  of  water  and  warmed  on  a  steam  bath.  Twice 
a  day  the  solvent  was  removed  in  a  Buchner  funnel,  and  a  fresh 
charge  of  water  was  added.  After  22  days  the  extraction  appeared 
complete.  The  aqueous  solution  was  concentrated  to  a  solid  extract 
(P.  C.  753).  The  residue  (P.  C.  752)  was  a  dark-brown,  tough  sheet, 
heavily  laden   with  gUttering  calcium-oxalate   crystals.     Both   the 
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extract  and  the  residue  were  nontoxic,  showing  that  the  active  prin- 
ciple is  totaUy  destroyed  by  this  treatment. 

Table  15  shows  the  3derd,  the  lethal  doses,  and  the  proportion  of 
toxic  principle  from  the  original  powder  that  appeared  in  the  various 
extracts  and  in  the  residues. 

Table  15. — Effect  of  method  of  extraction  on  yield  and  toxicity  of  squill 


Method  of  extraction 

Solvent  used 

Yield 

Minimum  lethal 
dose 

Total  toxicity 

Solid 
extract 

Resi- 
due 

Solid 
extract 

Resi- 
due 

Solid 
extract 

Resi- 
due 

Per  cent 

Per  cent 
100 
81.5 
17.4 
66.7 
86.0 
98.7 
98.7 

Mg.  per 

kg.  of  body 

weight 

Mg.  per 
kg.  of  body 
weight 
500 

Per  cent 

"'h'Y' 

0.8- 
6.3 
36.0 



Per  cent 
100 

Percolation 

Water 

18.6 
82.6 
44.3 
14.0 
1.3 
1.3 

1,500 

5,000+ 

3,600 

200 

Exhaustion 

SoxJilet 

do...- 

.  do 

6,000+ 
4,000+ 
5,000+ 

750 

625 

1.7- 
7.0- 

Do 

Alcohol  (96  per  cent).... 

8.6- 

Do 

66.0 

Do 

Chloroform.  . 

80.0 

Exhaustion  with  water  on  the  steam  bath,  or  in  a  Soxhlet  thimble 
at  100°  C,  caused  almost  total  destruction  of  the  toxic  principle  in 
the  extracts  as  well  as  in  the  residues.  As  dry  heat  at  100°  C.  did 
not  appear  to  cause  any  decrease  in  toxicity,  it  seems  evident  that 
this  loss  in  potency  is  related  to  the  hydrolysis  of  the  toxic  glucoside. 
The  alcoholic  residue  was  nontoxic,  and  the  acetone  and  chorofonn 
residues  were  somewhat  less  potent  than  the  original  powder.  Even 
though  the  boiling  point  of  each  of  these  three  solvents  is  less  than 
80°,  it  seeroe  that  any  method  of  extraction  tried  caused  some  destruc- 
tion of  the  toxic  principle.  The  alcoholic  extract  possessed  one- third 
the  activity  of  the  original  powder. 

Apparently  the  toxic  principle  of  red  squill  is  soluble  in  alcohol, 
but  not  in  water,  acetone,  or  chloroform.  Water  and  alcohol  extracted 
appreciable  quantities  of  mucilage  and  reducing  sugars.  Extraction 
of  the  toxic  principle  suggests  itself  in  the  study  of  the  chemistry  of 
the  active  principle.  It  seems  evident,  however,  that  the  cost  of 
undertaking  this  on  a  commercial  scale  would  far  outweigh  any  pos- 
sible benefit  of  marketing  a  more  toxic  preparation.  Therefore  no 
further  experiments  in  this  direction  were  conducted. 

SUGGESTED  METHOD  OF  PREPARATION  OF  TOXIC  SQUILL  POWDERS 

Based  upon  the  results  obtained  during  a  3-year  series  of  experi- 
ments in  the  manufacture  of  red-squill  powders,  the  following  method 
is  offered  as  furnishing  the  most  toxic  product:  ^ 

Remove  the  outer  dry  husks  from  fresh  red-squill  bulbs  obtained  as  soon  as 
feasible  after  digging,  and  slice  the  bulbs  transversely  into  sections  one-fourth 
to  one-half  inch  thick.  Place  the  sliced  composite  as  soon  as  possible  in  a  drying 
oven,  which  has  been  previously  heated  to  80°  C.,  and  dry  to  constant  weight 
at  that  temperature.  Grind  the  dried  material  so  that  it  will  pass  through  a 
40-mesh  sieve.     Pack  the  powder  in  hermetically  sealed  containers. 

f  It  is  iMesible  that  other  manufacturing  conditions  might  yield  products  of  equal  toxicity. 
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Powders  made  by  this  process  should  kill  white  rats  in  doses  approx- 
imating 250  to  500  milligrams  per  kilo  of  body  weight,  and  should 
be  stable  for  several  years. 

Because  of  the  variations  in  toxicity  of  different  lots  of  squill,  the 
minimum  lethal  dose  of  every  lot  of  squill  powder  should  be  deter- 
mined by  feeding  it  to  rats  in  the  laboratory  before  it  is  marketed. 
It  should  be  fed  in  10  per  cent  concentrations  in  ordinary  rat  food 
to  white  rats  that  have  been  deprived  of  all  food  for  18  hours.  The 
minimum  lethal  dose  is  the  smallest  dose  that  kills  all  the  rats  within 
five  days.  At  least  five  rats  should  be  fed  with  each  dose  tested.  This 
is  necessary  to  insure  essentially  uniform  toxicity  in  squill  powders 
distributed  commercially.  As  a  result  of  feeding  tests,  great  varia- 
tions in  the  potency  of  successive  lots  of  powders  may  be  reduced 
by  properly  mixing  powders  of  higher  degrees  of  toxicity  with  less- 
potent  preparations,  to  produce  the  same  standard  potency.  Such 
procedure  would  put  a  premium  on  the  production  of  the  most  toxic 
squill  powders,  but  would  also  permit  the  utilization  of  less  toxic 
preparations. 

As  a  standard  of  toxicity  it  is  suggested  that  commercial  squill 
powders  having  a  minimum  lethal  dose  of  1,000  milligrams  per  kilo 
of  body  weight  be  marketed,  and  that  commercial  squill  baits  having 
a  minimum  lethal  dose  of  10  grams  per  kilo  be  prepared.  Such  baits 
would  contain  10  per  cent  of  the  standard  squill  powder  (that  is,  a 
squill  powder  with  a  minimum  lethal  dose  of  1,000  milligrams  per 
kilo).  If  this  standard  bait  is  used,  it  would  be  necessary  that  a 
rat  eat  only  1  per  cent  of  its  body  weight  to  obtain  enough  poison 
to  Idll  it.  Many  of  the  wild  rats  studied  during  this  investigation 
weighed  between  250  and  400  grams  (8  to  14  ounces).  From  2.5  to 
4  grams  (one-twelfth  to  one-seventh  of  an  ounce)  of  such  a  squill 
bait  would  be  necessary  to  kill  them.  These  experiments  indicated 
that  rats  will  readily  eat  much  larger  quantities  of  such  baits. 

CONCLUSIONS 

Powdered  red  squill  is  toxic  to  rats;  white  squill  is  not. 

Powders  prepared  by  directly  drying  unfermented,  sHced  red  squill 
bulbs  in  an  oven  at  80°  C.  are  usually  more  toxic  than  those  pre- 
pared under  other  conditions.  The  lethal  dose  of  squill  powders 
prepared  by  this  method  is  usually  about  250  milligrams  per  kilo 
of  body  weight  for  white  rats;  wild  (brown)  rats  are  Idlled  by  some- 
what smaller  doses. 

Cats,  dogs,  chickens,  and  pigeons  were  not  seriously  harmed  by 
squill  powder.  Food  poisoned  with  squill  either  was  not  eaten  or, 
if  eaten,  was  promptly  vomited.  Consequently  it  has  been  indicated 
that  red  squill  is  nontoxic  to  these  animals  under  normal  conditions 
and  when  exposed  in  the  concentration  recommended  for  rat  poisons. 

Because  of  variations  in  toxicity,  squill  powders  should  be  tested 
before  being  marketed  and  adjusted  so  that  10  grams  of  10  per  cent 
squill  bait  will  kill  a  minimum  of  1  kilogram  of  rat.  (One  ounce 
will  kill  7  pounds  of  rats.) 
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INTRODUCTION 


During  the  five  years  from  1923  to  1927,  the  production  of  flaxseed 
in  the  United  States  averaged  22,760,000  bushels  annually.  This 
relatively  large  production,  however,  represents  only  a  httle  more 
than  half  the  consumption  of  flaxseed  in  the  United  States,  which  has 
amounted  to  40,000,000  bushels  annually.  Where  flax  cropping  in 
mixture  with  wheat,  oats,  or  barley  is  successful,  it  should  enlarge 
the  present  area  of  flax  production  and  help  to  meet  the  increasing 
demand  for  linseed. 

The  experiments  reported  in  this  bulletin  have  been  conducted 
over  a  wide  area  during  a  period  of  four  or  more  years,  and  it  is 
believed  that  the  results  indicate  to  what  extent  and  in  what  areas 
this  mixed  cropping  is  likely  to  be  successful.  The  experiments  were 
planned  to  answer  some  of  the  important  problems  iavolved  in  mLxed 
cropping,  namely: 

(1)  Does  mixed  cropping  produce  an  increased  yield,  either  in  total  grain  or 

in  relative  yield,  as  compared  with  flax  and  cereals  grown  in  pure 
stands? 

(2)  What  effect  does  the  rate  of  seeding  have  on  the  yield,  quality,  and 

proportion  of  each  crop  in  the  mixture? 
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(3)  Does  the  mixed  crop  produce  a  greater  acre  income  than  flax  or  grain 

grown  alone? 

(4)  Does  the  mixed  crop  check  the  growth  of  weeds  as  compared  with  their 

growth  in  flax  grown  in  pure  stands? 

(5)  Does  the  mixed  crop  help  control  plant  diseases  such  as  flax  wilt  and 

stem  rust  of  wheat? 

(6)  What  effect  does  growing  the  crops  in  combination  have  on  the  ease  of 

handling  the  crop? 

HISTORY  OF  MIXED  CROPPING  OF  FLAX  AND  CEREALS 

The  practice  of  growing  crop  plants  in  mixture  is  not  new.  It 
is  especially  common  with  forage  and  feed  crops,  such  as  clover  and 
timothy,  corn  and  soy  beans,  barley  and  oats.  Mixed  crops  are  grown 
either  for  the  purpose  of  obtaining  a  greater  total  yield  per  acre 
or  to  obtain  a  better  balance  in  the  feeding  value  of  the  crop.  Such 
crops  generally  are  consumed  on  the  farm.  Flax,  on  the  other  hand, 
is  grown  as  a  cash  market  crop.  It  is  necessary,  therefore,  to  consider 
not  only  the  advantages  and  disadvantages  of  handling  flax  in  a 
mixed  crop  but  its  economic  value  as  well. 

The  mixed  cropping  of  flax  with  spring  wheat  has  been  practiced 
for  40  years  or  more  in  some  localities  in  southeastern  Minnesota  {ly. 
In  Goodhue  County,  Minn.,  especially,  there  has  been  a  marked 
increase  in  the  acreage  of  the  mixed  crop  in  recent  years,  with  a  cor- 
responding decrease  in  the  acreage  of  flax  grown  alone.  The  mixed 
crop  also  is  very  common  in  other  counties  of  southeastern  Minnesota, 
where  flax  is  grown  to  a  large  extent. 

The  North  Dakota  Agricultural  Experiment  Station  conducted 
experiments  with  flax-wheat  mixtures  at  Fargo  as  early  as  1898,  but 
the  results  were  not  promising  (7).       ^ 

Experiments  in  seeding  flax  in  mixture  with  wheat,  oats,  and 
barley  were  conducted  under  dry-land  conditions  at  Dickinson  and 
Mandan,  N.  Dak.,  in  1917  and  1918  (7).  Severe  drought  and  weeds, 
especially  the  Russian  thistle,  reduced  the  yields  at  both  places.  It 
is  now  known,  also,  that  the  cereals  were  sown  at  too  heavy  a  rate  in 
the  mixtures;  the  flax  suffered  by  competition  from  the  companion 
^rop  as  well  as  from  the  weeds,  which  were  unusually  bad  in  those 
two  years. 

Mixtures  of  flax  with  wheat  were  grown  under  irrigation  at  Newell, 
S.  Dak.,  in  1917  and  1918  (6).  Two  mixtures  were  grown:  (1)  Flax  at 
15  pounds  with  wheat  at  37  pounds  per  acre,  and  (2)  flax  at  15  pounds 
with  wheat  at  75  pounds  per  acre.  As  an  average  for  the  two  years 
the  following  acre  yields  were  obtained: 

Flax  seeded  alone  at  15  pounds  yielded  904  pounds. 

Wheat  seeded  alone  at  37  pounds  yielded  1,204  pounds. 

Wheat  seeded  alone  at  75  pounds  yielded  1,371  pounds. 

Mixture  1,  flax  at  15  plus  wheat  at  37  pounds,  yielded  1,279  pounds. 

Mixture  2,  flax  at  15  plus  wheat  at  75  pounds,  yielded  1,446  pounds. 

Unfortunately  the  proportion  of  flax  and  wheat  in  the  mixed  grain 
was  not  determined. 

The  practice  of  sowing  flax  in  winter-wheat  fields  where  the  stands 
had  been  thinned  by  winterkilling  was  followed  for  many  years  by 
farmers  in  the  vicinity  of  New  London,  Ohio  (3).  The  flax  was  sown 
early  in  the  spring  and  matured  at  the  same  time  as  the  wheat.  This 
practice  has  been  followed  also  by  Thomas  D.  Campbell  in  his  exten- 

1  Italic  numbers  in  parentheses  refer  to  Literjiture  cited,  p.  47. 
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sive  fanning  operations  near  Hardin,  Mont.  Mr.  Campbell  raised 
some  6,000  acres  of  the  mixed  crop  in  1924. 

In  India  the  mixed  cropping  of  flax  with  wheat,  mustard,  rape,  and 
chick-peas  has  been  practiced  for  a  very  long  time.  A  letter  from 
Dr.  A.  Howard,  economic  botanist  for  India,  under  date  of  April  26, 
1923,  gives  a  brief  description  of  the  method  of  growing  flax  for  seed 
(linseed)  in  India.  The  following  excerpt  is  from  Doctor  Howard's 
letter. 

Wheat  and  linseed  are  grown  together  in  India,  often  with  rape  and  mustard 
also,  chiefly  on  the  damp  soils  of  the  eastern  portion  of  the  wheat  areas  of  the 
Gangetic  alluvium  in  northern  Bihar  and  to  a  less  extent  in  Oudh.  The  linseed- 
wheat  combination  is  rare  in  the  drier  wheat-growing  areas  of  northwestern 
India.  The  proportions  vary  a  great  deal.  On  the  whole,  linseed  is  the  subor- 
dinate constituent  of  the  mixture  and  rarely  exceeds  30  per  cent.  The  scientific 
basis  of  the  combination  is  probably  partly  to  be  found  in  the  assistance  given  to 
the  wheat  by  the  drying  effect  on  the  soil  of  the  linseed  plants.  The  mixed  crop  is 
chiefly  confined  to  strong;  damp  soils,  soils  which  in  the  ordinary  way  would  be 
too  wet  for  wheat.  If  you  have  such  lands  in  the  United  States  the  combination 
might  be  effective,  especially  if  the  wheat  varieties  grown  liave  sparse  foliage  and 
stand  well. 

COOPERATION 

The  investigations  reported  in  this  bulletin  have  been  conducted 
independently  by  the  agricultural  experiment  stations  of  Minnesota, 
North  Dakota,  Montana,  South  Dakota,  Wisconsin,  and  Ohio.  The 
Office  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture,  has  conducted  experiments 
independently  at  the  Northern  Great  Plains  Field  Station,  Mandan, 
N.  Dak.,  and  in  cooperation  with  the  North  Dakota  station  at 
Dickinson,  N.  Dak.,  and  wdth  the  Montana  station  at  Moccasin, 
Mont.  The  experiments  were  outlined  independently.  However, 
the  utilization  to  the  fullest  possible  extent  of  the  published  data 
from  work  of  this  kind  {1,  2),  with  modification  of  the  rates  to  suit 
regional  climatic  conditions,  resulted  in  a  certain  degree  of  uniformity 
of  outline  for  the  different  experiments,  which  makes  it  possible  to 
compare  the  results  to  advantage.  This  bulletin  has  been  written 
through  the  informal  cooperation  of  the  authors,  each  of  whom  is 
responsible  for  the  data  from  his  State. 

LOCATION  OF  THE  EXPERIMENTS 

The  principal  flax-producing  area  of  the  United  States  includes 
North  Dakota,  Minnesota,  South  Dakota,  and  eastern  Montana. 
(Fig.  1.)  The  average  annual  precipitation  in  this  area  ranges 
from  about  32  inches  in  eastern  Minnesota  to  15  inches  in  eastern 
Montana.  The  greatest  acreage  of  flax  is  grown  in  the  eastern  counties 
of  the  Dakotas  and  the  western  counties  of  Minnesota,  where  the 
average  annual  rainfall  ranges  from  18  to  25  inches.  In  all  of  the 
flax-producing  area  the  timely  distribution  of  the  rainfall  is  a  very 
important  factor  in  the  successful  production  of  the  flax  crop. 

The  experiments  were  conducted  in  nine  localities  in  Minnesota 
and  at  four  stations  in  North  Dakota,  in  addition  to  46  field  experi- 
ments in  cooperation  with  farmers.  In  Montana  the  experiments 
were  conducted  under  irrigation  at  the  State  station  at  Bozeman  and 
under  dry-land  conditions  at  Moccasin.  In  Wisconsin  the  principal 
experiments  were  conducted  on  the  University  Farm  at  Madison,  and 
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field  trials  were  conducted  in  cooperation  with  farmers.  The  experi- 
ments reported  for  South  Dakota  were  conducted  at  Brookings  and 
those  for  Ohio  at  Wooster. 

EXPERIMENTAL  METHODS 

The  results  reported  here  were  obtained  from  plots  handled  by  the 
usual  methods  of  modern  field  experimentation.  The  crop  sequence, 
size  of  plots,  number  of  replications,  and  rates  and  dates  of  seeding 
were  varied  at  the  different  stations  and  among  the  different  coop- 
era  tors,  as  the  seasons  and  conditions  required.  In  most  cases  the 
experimental  plots  were  on  corn  stubble  plowed  either  in  the  fall 
or  in  the  spring  and  were  disked  and  harrowed  before  the  flax  was 
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Figure  1.— Outline  map  of  the  United  States,  showing  flaxseed  production  in  1924  and  lines  of 
average  annual  precipitation  in  inches  in  the  flax-producing  area 

sown.  Many  of  the  experiments,  especially  those  in  cooperation 
with  farmers  in  North  Dakota,  were  conducted  on  fall-plowed  wheat 
stubble.  All  plots  in  any  one  experiment  were  given  uniform  treat- 
ment. The  plots  usually  were  8  rods  long  and  ranged  in  area  from 
one-fiftieth  to  one-tenth  of  an  acre.  With  a  very  few  exceptions 
the  plots  were  replicated,  so  that  there  were  two,  three,  or  more 
plots  of  each  crop  or  mixture.  Seeds  of  the  two  crops  were  mixed  in 
the  desired  proportions  before  seeding,  and  the  mixture  was  sown  in 
one  operation.  No  appreciable  separation  of  the  flax  and  wheat 
occurred  through  the  jolting  of  the  drill  in  seeding.  In  the  flax-oats 
mixture,  however,  there  was  some  tendency  for  the  two  to  separate 
where  only  small  quantities  of  seed  were  placed  in  the  drill  box. 

The  yields  per  acre  were  determined  by  two  methods:  (1)  By 
harvesting  the  standing  grain  from  six  square-yard  areas  from  each 
plot.  In  a  very  few  cases  only  three  to  five  square-yard  areas  were 
harvested.    These  bundles  were  placed  in  cloth  bags,  dried,  threshed, 
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separated,  cleaned,  weighed,  and  the  yields  of  grain  and  of  straw 
computed.  (2)  By  harvesting  the  product  from  the  entire  plots  and 
computing  the  acre  yields  from  the  yields  of  the  plots.  In  some  cases 
both  methods  were  employed  and  tne  results  compared. 

COMPUTING  THE  YIELDS 

In  each  experiment,  flax,  wheat,  and  oats  were  ^rown  alone  as  well 
as  mixed  in  different  proportions  in  regularly  distributed  plots,  so 
that  yields  would  be  available  with  which  to  compare  the  results 
from  the  mLxed  crop. 

'  In  order  to  be  able  to  compare  the  yields  obtained  from  the  different 
crops  grown  alone  with  each  other  and  with  the  results  from  the 
mixtures,  it  was  necessary  to  reduce  all  yields  to  a  common  basis. 
The  first  method  has  been  used  in  the  discussion  of  results  of  previous 
work  at  the  Minnesota  station  {1,  2),  and  is  repeated  here  for  the 
convenience  of  the  reader.  (1)  The  yield  of  the  flax  grown  alone  was 
divided  by  the  yield  of  the  wheat  grown  alone.  This  gave  the  yield 
pf  the  flax  as  a  percentage  of  the  yield  of  wheat.  (2)  The  yield  per 
acre  of  wheat  grown  alone  and  in  each  combination  crop  was  then 
multiplied  by  this  factor,  which  reduced  the  wheat  ^aelds  to  a  flax 
basis.  (3)  The  wheat  yield  in  each  combination  reduced  to  a  flax 
basis  was  then  added  to  the  flax  yields  from  the  same  combination. 
This  gave  the  yields  of  the  wheat  alone  and  the  wheat-flax  combina- 
tions on  a  flax  basis,  and  hence  they  are  comparable  to  each  other. 
In  order  to  facilitate  comparisons,  all  yields  on  the  flax  basis  were 
then  reduced  to  a  percentage  of  the  flax  grown  alone  at  the  42-pound 
seeding  rate.  This  places  all  yields  on  a  relative  basis  with  flax  grown 
alone  as  100.  The  yields  from  the  oat-flax  combinations  were  reduced 
to  a  flax  basis  in  the  same  manner. 

The  second  and  simpler  method  of  converting  the  yields  of  the 
mixed  crops  to  a  percentage  or  relative-yield  basis  is  as  follows:  (1) 
Divide  the  yields  of  each  crop  grown  in  a  mixture  by  the  yield  of 
each  crop  grown  alone.  These  quotients  express  the  percentage 
yield  of  eacii  crop  in  a  mixture  with  the  crops  grown  alone  as  100. 
(2)  Add  the  percentages  thus  obtained  for  any  mixture,  and  the  sum 
expresses  the  percentage  or  relative  yield  of  the  mixture  as  compared 
with  each  crop  grown  alone.  The  use  of  this  method  serves  to  reduce 
the  yields  directly  to  the  relative  basis. 


Estimated  annual  and  average  farm  prices  of  flax,   wheat,  oats,  and 
barley  in  five  States  on  December  1,  1923-1927 


Table  1. 

[From  Bureau  of  Agricultural  Economics,  United  States  Department  of  Agriculture] 


Farm  price  per  bushel  (cents) 

Crop  and  State 

Farm  price  per  bushel  (cents) 

Crop  and  State 

Aver- 
age 

] 

Aver- 
age 

wja 

1924 

1925 

1928 

1927 

1923 

1924 

1926 

1926 

1927 

Flax: 

Oats: 

Montana 

193 

221 

220 

185 

175 

199 

Montana 

38 

47  1     53 

53 

44 

47 

North  Dakota. 

212 

227 

226 

193 

184 

208 

North  Dakota. 

28 

36 

27 

33 

35 

32 

South  Dakota. 

208 

223 

225 

190 

185 

206 

South  Dakota. 

31 

40 

28 

36 

36 

34 

Minnesota 

213 

233 

230 

197 

192 

213 

Minnesota 

34 

43 

31 

34 

40 

36 

Wisconsin 

210 

225 

226 

200 

190 

210 

Wisconsin 

43 

48 

38 

40 

47 

43 

Wheat: 

Barley: 

Montana 

82 

124 

140 

113 

97 

111 

Montana 

48 

69 

72 

64 

60 

63 

North  Dakota. 

86 

126 

131 

n7 

104 

113 

North  Dakota. 

38 

62 

43 

46 

59 

50 

South  Dakota. 

81      125 

128 

118 

10ft 

112 

South  Dakota. 

40 

64 

47 

52 

W 

52 

Minnesota 

95  ;  130 

137 

123 

110 

119 

Minnesota 

44 

69 

52 

51 

65 

56 

Wisconsin 

98     128 

136 

126 

117 

121 

Wisconsin 

61 

78 

•  66 

65 

75 

69 
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COMPUTATION  OF  THE  ACRE  INCOME 

The  gross  income  per  acre  from  the  mixed  crops  and  from  each 
crop  grown  alone  is  calculated  on  the  basis  of  the  5-year  (1923-1927) 
average  farm  price  on  December  1  of  flax,  wheat,  and  oats  in  each 
State.    These  prices  (in  cents  per  bushel)  are  given  in  Table  1. 

EXPERIMENTS  IN  MINNESOTA 

By  A.  C.  Arny,  Associate  Agronomist,  Minnesota  Agricultural  Experiment  Station 
OUTUNE  OF  THE  EXPERIMENTS 

The  history  of  growing  flax  and  wheat  in  mixtures  in  Minnesota 
has  been  given  in  Bulletins  204  (1)  and  206  (2)  of  the  Minnesota 
Agricultural  Experiment  Station.  The  former  bulletin  reports 
results  of  experiments  with  flax  grown  in  mixture  with  wheat,  oats, 
and  barley  at  University  Farm  previous  to  1923,  and  Bulletin  206 
includes  summaries  presented  in  Bulletin  204,  together  with  the 
results  obtained  from  tests  conducted  in  1923.  The  present  bulletin 
reports  the  results  obtained  in  eight  counties  for  the  three  years 
1924  to  1926,  inclusive,  together  with  some  data  obtained  in  1923.^ 

In  all  of  the  cooperative  tests  with  farmers  the  operations  of  seeding, 
harvesting,  and  handling  the  grain  samples  were  conducted  by  one 
man,  experienced  in  this  sort  of  work,  who  was  sent  out  from  Univer- 
sity Farm. 

In  1923,  N.  D.  R.  No.  114  flax  was  used  in  the  tests,  but  thereafter 
Winona,  a  new  wilt-resistant  variety  developed  at  the  Minnesota 
station,  was  used.  Marquis  wheat  and  Victory  oats  were  the  varie- 
ties of  cereals  used  in  all  the  tests.  The  several  mixtures  of  seed  were 
prepared  at  University  Farm  and  the  proper  quantity  of  each  mix- 
ture sent  to  each  cooperator  for  seeding. 

The  mixtures  were  grown  in  1/40-acre  plots  in  triplicate.  The 
plots  without  exception  were  8  rods  long  by  834  f^^t  wide,  separated 
by  18-inch  alleys.  The  seedings  were  made  each  spring  as  early  as 
the  land  was  in  fit  condition  to  work. 

In  the  cooperative  trials  with  farmers,  six  regularly  distributed 
square-yard  areas  of  the  standing  grain  were  removed  from  each  plot 
when  the  crop  was  ripe.  Practically  no  loss  from  shattering  occurred, 
even  when  the  square-yard  samples  were  removed  several  days  after 
the  crops  were  ripe.  The  samples  of  grain  from  each  plot  were  bagged 
separately  and  shipped  to  University  Farm,  where  they  were  threshed, 
the  seed  separated  and  weighed,  and  the  yields  computed.  At  Univer- 
sity Farm,  Morris,  and  Crookston  the  product  of  the  entire  plots  was 
cut  with  the  binder  after  two  drill  rows  of  grain  had  been  removed 
from  each  side  of  each  plot  to  obviate  border  effect. 

PROBABLE  ERROR  OF  THE  EXPERIMENTS 

After  the  yields  were  converted  to  the  flax  basis  the  probable  error 
of  each  trial  was  computed  by  the  pairing  method.  The  average 
probable  error  in  percentage  was  derived  by  the  use  of  the  formula 

2  The  experiments  at  the  Northwest  Experiment  Station,  Crookston  (Polk  County),  were  under  the 
direction  of  R.  S.  Dunham,  agronomist;  those  at  the  West  Central  Experiment  Station,  Morris  (Stevens 
County),  were  conducted  by  R.  O.  Bridgford,  agronomist.  Other  cooperators  and  county  agricultural 
agents  assisting  in  the  tests  were  as  follows:  Goodhue  County— Cooperators,  Henry  Schwartau  (1923), 
B.  O.  Featherstone  (1924-1926),  and  Henry  Heinrichs,  agents,  V.  H.  Kingsbury  and  Preston  Hale.  Fari- 
bault County— Cooperator,  Tobias  Peterson,  agent,  F.  E.  Krause.  Renville  County—  Cooperators, 
A.  R.  Wolfe  and  John  Melhouse  (1925-26);  agents,  F.  C.  Hathaway  and  E.  N.  Johnson.  Wilkin  County— 
Cooperator,  F.  M.  Nash;  agent,  L.  S.  Stallings.     Clay  County— Cooperator,  C.  E.  Bennington. 
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The  probable  errors  in  percentage  for  the  period  of  the  test  at  each 
location  and  for  all  locations  are  given  in  Table  5. 

RELATION  OF  RAINFALL  AND  SOIL  PRODUCTIVITY  TO  YIELDS 

The  yields  of  the  crops  varied  considerably  each  year  in  the  differ- 
ent locations  where  the  tests  were  made  and  from  year  to  year  on  the 
same  farms.  These  variations  in  yields  were  due  largely  to  differ- 
ences in  amount  and  distribution  of  the  rainfall  for  the  growing  season 
and  to  a  lesser  extent  to  differences  in  the  productivity  of  the  soil  at 
the  different  locations. 

The  monthly  rainfall  in  each  of  seven  coimties  during  the  growing 
season  for  grain  crops  for  the  years  1923-1926  is  given  in  Table  2. 

Table  2. — Precipitation  during  each  month  of  the  growing  season  near  the  station 
in  each  of  seven  counties  in  Minnesota  where  flax-wheat  experiments  were  con- 
ducted, 1923-1926  J 


County,  station,  and  year 

Precipitation  (inches) 

Normal 
for  the 
locality 

AprU 

May 

June 

July 

August 

Total 

Ramsey  (St.  Paul): 
1923 

2.20 
3.32 
1.27 
.53 

1.16 
2.96 
1.88 
1.48 

1.60 

1.66 

2.08 

.96 

3.25 

2.10 

2.30 

.82 

2.18 

2.99 

2.43 

.12 

1.28 

4.01 

1.99 

.08 

1.10 

5.10 

2.79 

.14 

2.28 
1.47 
2.28 
1.37 

1.64 
1.78 
1.12 
1.20 

2.93 

1.72 

.67 

2.37 

2.74 
2.22 
1.49 
2.99 

1.74 

1.29 

.93 

2.02 

1.85 
.78 
1.98 
1.93 

1.32 
2.81 
4.60 
2.16 

4.28 
7.24 
5.77 
3.65 

4.66 
3.84 
9.90 
2.86 

6.25 
5.24 
8.09 
3.09 

4.25 
2.93 
8.64 
2.23 

3.50 
5.40 
5.89 
1.39 

6.73 
4.37 
5.62 
2.09 

3.34 
1.68 
6.82 
3.43 

2.51 
1.73 
4.28 
2.92 

2.68 
3.84 
3.14 
1.66 

.71 

.75 

3.26 

1.80 

2.15 
1.58 
2.11 
3.43 

3.42 
1.95 
3.62 
1.45 

2.34 
1.25 
4.35 
2.92 

5.62 

2.64 

.86 

1.28 

1.92 

6.61 

.16 

4.27 

3.76 

7.20 

.60 

4.17 

5.00 

6.07 

.86 

2.53 

1.93 

7.20 

.71 

4.70 

1.21 

3.75 

.88 

4.12 

2.83 

2.99 

.25 

1.83 

1.63 
1.65 
1.46 
1.49 

13.19 
20.27 
13.76 
12.74 

13.90 
19.62 
16.54 
11.37 

16.49 
15.44 
14.96 
10.75 

14.32 
16.03 
16.25 
14.17 

12.05 
16.38 
13.75 
9.10 

16.03 
13.40 
14.19 
8.85 

13.01 
13.78 
16.63 
8.50 

1924 

1925. 

17.22 

1926  .... 

Goodhue  (Red  Wing): 
1923- 

1924 

1925 

17. 17 

1926 

Faribault  (Winnebago): 

1923 

1 

1924 

1925 

>        19. 05 

1926 

J 

Renville  (Bird  Island): 

1923 

1924... 

1925 

16.29 

1926 

Stevens  (Morris): 

1923 

1924 

1926- 

16.30 

1926 

Clay  (Moorhead): 

1923 

1 

1924 

1925...  .                            .  . 

>        16.25 

1926 

1 

Polk  (Crookston): 

1923 

j 

1924 

1925 

>        14.42 

1926 

J 

>  Rainfall  data  for  Wilkin  County  were  not  obtained. 

That  the  yield  of  the  combination  crops  as  compared  with  that  of  the 
crops  grown  alone  is  influenced  greatly  by  the  amount  as  well  as  by 
the  distribution  of  the  rainfall  during  the  growing  season  is  made 
clear  by  an  examination  of  the  rainfall  data  for  Goodhue  and  Fari- 
bault Counties,  as  given  in  Table  2,  and  the  relative  yields  in  these 
two  counties  for  the  same  years,  which  are  given  in  Table  3. 

In  both  Goodhue  and  Faribault  Counties  the  rainfall  for  April 
and  May,  1923,  was  somewhat  below  the  average.  The  June  rain- 
fall in  Goodhue  County  was  slightly  above,  and  in  Faribault  1.57 
inches  above  the  average.     As  a  result  of  the  exceptionally  heavy 
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rainfall  in  Faribault  County  in  May  and  June,  the  growth  of  the 
plants  in  the  tests  was  greater  than  normal.  During  July  there 
was  practically  no  rainfall  at  this  location,  and  the  heavy  growth 
of  plants,  particularly  in  the  combination  crops,  lacked  water  to 
complete  the  luxuriant  vegetative  growth  and  produce  the  large 
crop  of  seed  of  which  it  gave  promise.  Hence,  at  this  location, 
the  combination  crops  yielded  at  a  lower  rate  than  the  crops  grown 
alone.  In  Goodhue  County,  where  there  was  a  fair  amount  of  rain 
in  July,  the  combination  crops  from  the  42-pound  flax  seedings 
showed  a  considerable  advantage  over  the  crops  grown  alone. 

Table  3. — Annual  acre  yields  of  the  combination  crops  and  of  flax  grown  alone, 
in  Goodhue  and  Faribault  Counties,  Minn.,  expressed  as  percentages  of  the  yield 
of  flax  seeded  alone  at  4^  pounds  per  acre 


Crop    and    rates    of 
seeding    per    acre 
(pounds) 

Acre  yields  as  percentages  of  yield  of  Qax  seeded  alone  in— 

Goodhue  County  (Heinrichs  farm) 

Faribault  Count:: 

1923 

1924 

1925 

1926 

1923 

1924 

1925 

192G 

Wheat  15..{5'-i-: 

Wheat  30..{|>-g:: 

Wheat  «..{^]-g-; 
/-.  *    DO         f  Flax  42 

108.8 
89.7 

112.3 
93.1 

101.7 
90.4 

98.9 
94.1 

95.6 
91.7 

99.1 
103.2 

90.9 
93.1 

105.7 
105.2 

113.3 
102.4 

122.9 
109.1 

90.0 
91.4 

107.6 
97.1 

100 
93.8 

97.5 
103.2 

114.0 
112.7 

111.5 
105.7 

108.9 
105.7 

100.4 
103.8 

100 
93.6 

77.4 
53.0 

73.3 
78.9 

92.1 
81.9 

95.3 
94.3 

101.3 

88.8 

99.7 
93.9 

112.5 
100.7 

113.9 

124.7 

128.5 
126.2 

127.0 
114.6 

99.3 
103.4 

98.5 
97.4 

100 
96.3 

91.7 
82.1 

103.8 
103.3 

106.3 
94.6 
90  0 

Oats  32... .|p^^^  28 

88  3 

rs  4.    -.o         f  Flax  42 

93  3 

Oatsl6....|j,i^^28.. 

95.0 

Flax  alone.|g 

100 
101.6 

100 
92.0 

100 
92.4 

■00 

95.9 

100 

85.8 

In  1924  the  total  rainfall  for  April  and  May  in  Faribault  County 
was  lower  than  normal,  and  again  there  was  an  exceptionally  heavy 
rainfall  in  June  and  practically  none  in  July.  Table  3  shows  results 
for  the  combination  crops  in  the  tests  in  this  county  which  are  prac- 
tically the  same  as  those  in  1923.  In  Goodhue  County  the  rainfall 
for  April  and  May  was  somewhat  lower  than  normal,  but  the  total 
rainfall  for  June  and  July  was  ample  for  a  good  crop  if  the  distri- 
bution had  been  fairly  even.  July  was  without  effective  rainfall  until 
the  30th,  when  2.32  inches  fell.  This  shortage  of  rainfall  through- 
out practically  the  entire  month  resulted  in  somewhat  lower  average, 
yields  from  the  combination  crops  than  were  obtained  from  the 
crops  grown  alone. 

The  rainfall  in  April,  1925,  was  nearly  normal,  and  that  for  May 
was  less  than  normal  in  both  counties.  However,  the  rainfall  in  June 
was  exceptionally  heavy,  being  more  than  twice  the  normal  in  Good- 
hue County  and  nearly  twice  the  normal  in  Faribault  County,  and 
that  in  July  was  practically  normal.  As  shown  in  Table  3,  the  wheat- 
flax  combinations  produced  exceptionally  good  yields  at  both  locations 
as  compared  with  the  crops  grown  alone. 

In  Faribault  County  the  rainfall  for  July,  1926,  was  again  deficient, 
and  practically  all  of  it  fell  during  the  last  few  days  of  the  month. 
However,  owing  to  the  moderate  rainfall  in  the  previous  months,  the 
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vegetative  growth  was  not  so  luxuriant  as  in  1923  and  1924,  when 
exceptionally  heavy  rainfall  in  June  preceded  the  droughts  in  July, 
and  nence  the  reduction  in  yield  due  to  the  drought  was  not  so  ^reat. 
Three  of  the  rates  of  seeding  of  the  wheat-flax  combination  yielded 
higher  than  the  crops  grown  alone,  as  is  shown  in  Table  3. 

The  rainfall  in  Goodhue  County  in  1926  was  lower  than  normal  in 
each  month  of  the  growing  season,  but  well  enough  distributed  so 
that  a  moderate  vegetative  growth  was  made  and  the  grain  matured 
without  serious  check.  Under  these  conditions  all  of  the  combination 
crops  except  one  showed  some  increase  in  yield  over  the  crops  grown 
alone. 

Taking  into  consideration  all  of  the  results,  it  appears  that  an  abun- 
dance of  moisture,  particularly  in  June  and  July,  favors  the  combina- 
tion crop.  The  exceptional  increase  in  yields  obtained  by  McKee 
(5)  from  the  combination  crops  as  compared  with  the  crops  grown 
alone  under  irrigation  confirms  this  conclusion. 

Relatively  low  rainfall,  such  as  prevailed  in  Goodhue  and  Stevens 
Counties  throughout  the  growing  season  for  grain  in  1926,  resulted 
in  moderate  acre  yields,  with  the  advantage  in  favor  of  the  combina- 
tion crops. 

An  abundance  of  moisture  in  the  early  part  of  the  growing  season, 
resulting  in  luxuriant  vegetative  growth,  followed  b^  drought  during 
the  last  month  of  the  growing  season,  puts  the  combmation  crops  at  a 
disadvantage  as  compared  with  the  same  crops  grown  alone  at  ordinary 
rates  of  seeding. 

YIELD  OF  EACH  CROP  IN  COMBINATIONS  LOWER  THAN  THAT  OF  THE  SAME  CROP 

GROWN  ALONE 

In  Goodhue  County,  where  a  considerable  acreage  of  the  wheat- 
flax  combination  crop  is  grown  each  year,  some  growers  have  held 
that  the  yields  of  flax  obtained  from  the  combination  crops  are  as 
large  as  when  flax  is  grown  alone  and  that  the  wheat  yield  is  extra. 

The  average  yields  for  each  combination  and  for  the  crops  grown 
alone  at  all  locations  for  each  year  are  given  in  Table  4.  The  average 
of  all  the  tests  does  not  show  a  yield  of  flax,  wheat,  or  oats  in  any  of 
the  combinations  as  high  as  that  from  the  same  crop  grown  alone. 
Inspection  of  the  results  for  the  individual  years  at  each  location, 
which  are  not  included  here,  shows  that  in  only  6  cases  out  of  a  total 
of  288  trials  did  the  flax  yields  in  combinations  equal  the  yields  from 
the  flax  grown  alone  in  the  same  tests.  What  have  been  thought  to 
be  the  usual  results  actually  occurred,  therefore,  in  only  2.1  per  cent 
of  the  tests,  or  about  once  in  50  trials. 

EFFECT  OF  VARYING  THE  RATE  OF  SEEDING  OF  WHEAT,  OATS,  AND  FLAX  IN  COM- 
BINATIONS ON  THE  YIELDS  OF  EACH  CROP 

The  yields  of  the  combination  crops  and  of  the  crops  grown  alone 
have  been  so  arranged  in  Table  4  that  comparisons  may  be  made 
readily  of  the  yields  (1)  of  wheat  and  of  oats,  sown  at  the  same  rates, 
with  flax  at  42  and  at  28  pounds  per  acre,  (2)  of  wheat  and  oats,  sown 
at  different  rates,  with  flax  at  42  and  at  28  pounds,  (3)  of  flax  sown 
at  42  and  at  28  pounds  with  the  same  rates  of  seeding  of  wheat  and 
oats,  (4)  of  flax  sown  at  42  and  at  28  pounds  with  different  rates  of 
seeding  of  wheat  or  oats,  and  (5)  of  flax  sown  alone  at  42  and  at  28 
pounds  per  acre. 

53132°— 29 2 
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Table  4. — Average  acre  yields  in  bushels  of  wheat  and  flax  mixed  and  oats  and 
Uax  mixed  grown  at  various  rates  of  seeding  compared  with  the  yields  of  the  same 
crops  grown  alone  in  nine  localities  (eight  counties)  in  Minnesota  for  the  3-year 
period  1 92  J^- 1926 


Goodhue  County 

Crop  and    rates  of 
seeding   per    acre 
(pounds) 

Ramsey  County 

Featherstone 
farm 

Ileinrichs  farm 

County 

•     Renville 
County 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat     p, 
or  oats     ^^^ 

^V^eatl5{^i-g::; 

8.6 
8.5 

6.6 
5.9 

7.1 
7.6 

15.2 
13.6 

6.0 
7.9 

13.7 
12.4 

4.4 
5.2 

18.1 
17.1 

5.6 
6.2 

12.2 
11.5 

Difference 

.1 

.7 

-.5 

1.6 

-1.9 

1.3 

-.8 

1.0 

-.6 

.7 

Wheat  30{f>«g::: 

13.1 
14.0 

4.8 
4.6 

10.4 
12.4 

12.6 
11.3 

10.2 
11.2 

11.2 
9.2 

8.3 
9.0 

15.6 
14.0 

7.7 
8.9 

10.5 
9.2 

Difference 

-.9 

.2 

-2.0 

1.3 

-1.0 

2.0 

-.7 

1.6 

-1.2 

1.3 

Wheat  45{fj-g::: 

16.3 
19.6 

3.4 
3.3 

13.8 
14.2 

10.7 
8.8 

13.9 

14.7 

8.5 
7.0 

11.3 
10.7 

12.2 
10.7 

10.7 
11.0 

8.4 
7.6 

Difference 

-3.3 

.1 

-.4 

1.9 

-.8 

1.5 

.6 

1.5 

-.3 

.8 

oats32{^lgi::::: 

39.6 
39.5 

2.6 
2.5 

41.5 
41.9 

8.8 
7.7 

42.8 
46.7 

6.5 
5.1 

34.8 
39.3 

11.0 

8.6 

27.4 
30.3 

7.3 

7.4 

Difference 

.1 

.1 

-•4 

1.1 

-3.9 

1.4 

-4.5 

2.4 

-2.9 

-.1 

o^'^^FlSic:: 

28.2 
29.9 

5.3 
4.6 

.     18.2 
21.6 

14.6 
12.7 

35.8 
34.4 

10.0 
9.0 

24.2 
32.6 

16.7 
14.5 

17.8 
22.1 

13.4 
12.4 

Difference 

-1.7 

.7 

-3.4 

1.9 

1.4 

1.0 

-8.4 

2.2 

-4.3 

1.0 

Wheat  alone  90 

Oats  alone  64 

25.6 
54.2 

25.4 
65.8 

21.6 
67.4 

18.7 
66.7 

18.3 
53.5 

T-T            1           f42 

9.0 
7.9 

19.7 
19.9 

18.6 
17.4 

1      'X>.  n 

16.0 
14.4 

Flaxalone|2g 

21.3 

Difference 

1.1 

-.2 

1.2 

1.7 

i     !•« 

Crop  and   rates  of 

Stevens  County 

Wilkin  County 

Clay  County 

Polk  County 

Average 

seeding    per    acre 
(pounds) 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat 
or  oats 

Flax 

Wheat  15{?>-«::; 

7.0 
8.3 

7.5 

5.8 

3.4 
3.7 

8.5 
7.4 

3.4 
3.8 

5.9 
4.9 

13.8 
12.8 

7.0 
6.5 

6.6 
7.1 

10.6 
9.6 

Difference 

-1.3 

1.7 

-.3 

1.1 

-.4 

1.0 

1.0 

.5 

-.5 

1.0 

Wheat  3«{||-g:;: 

10.5 
11.3 

5.0 
4.3 

5.2 
6.9 

6.3 

5.7 

6.3 
7.5 

5.6 
4.1 

18.2 
18.1 

4.8 
3.9 

10.0 
11.0 

8.6 
7.4 

Difference 

-.8 

.7 

-1.7 

.6 

-1.2 

1.5 

,1 

.9 

-1.1 

1.1 

Wheat  45(^1- «:;; 

12.2 
12.2 

4.7 
3.7 

7.8 
10.5 

4.7 
3.9 

8.8 
9.0 

4.2 
2.8 

20.7 
21.8 

3.4 
2.3 

12.8 
13.8 

6.7 
5.6 

Difference 

0 

1.0 

-2.7 

.8 

-.2 

1.4 

-1.1 

1.1 

-1.0 

1.1 

oats32{^l-g-:;: 

22.6 
23.1 

4.4 
3.4 

23.5 
21.7 

4.1 
4.2 

25.1 
29.3 

4.7 
4.0 

44.2 

45.7 

3.4 

2.7 

33.5 
35.3 

5.9 
5.1 

Difference 

-.5 

1.0 

1.8 

-.1 

-4.2 

.7 

-1.5 

.7 

-1.8 

.8 

oats,6{|jg^j;:::: 

17.3 
15.4 

4.1 
4.9 

9.3 
10.0 

4.4 
4.3 

11.7 
11.2 

5.7 
4.9 

27.0 
28.3 

5.7 
4.4 

21.0 
22.8 

8.8 
7.9 

Difference 

1.9 

-.8 

-.7 

.1 

.5 

.8 

-1.3 

1.3 

-1.8 

.9 

Wheat  alone  90 

Oats  alone  64 

18.2 
39.5 

15.4 
35.9 

12.0 
39.6 

25.0 
54.9 

20.0 
•53.0 

•p,        ,       f42 

11.1 
10.1 

10.0 
9.2 

9.6 
7.6 

12.9 
12.4 

14.4 

13  3 

1.0 

.8 

2.0 

.5 

1.1 

I  Two-year  average. 
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YIELDS  FROM  THE  VARIOUS  RATES  OF  SEEDING  OF  WHEAT  AND  OATS  IN 

COMBINATIONS 

On  the  basis  of  the  3-year  averages,  wheat  sown  at  the  rate  of  15 
pounds  per  acre  with  flax  at  42  and  at  28  pounds  yielded  6.6  and  7.1 
bushels,  respectively,  an  average  of  6.9  bushels.  (Table  4.)  Where 
the  rate  of  seeding  of  wheat  in  the  combination  was  increased  to  30 
pounds  the  average  yields  were  10  and  11  bushels,  respectively,  an 
average  of  10.5  bushels.  The  vields  of  wheat  were  increased  to  12.8 
and  13.8  bushels,  an  average  of  13.3  bushels  when  the  rate  of  seeding 
of  wheat  in  the  combinations  was  45  pounds.  The  average  yield  of 
wheat  where  the  seeding  rate  was  45  pounds  in  the  combinations  was 
nearly  twice  that  from  the  15-pound  seeding  rate  and  2.8  bushels 
higher  than  that  from  the  30-pound  seeding  rate.  With  each  increase 
in  the  rate  of  seeding  of  wheat  there  was  a  significant  increase  in  the 
yields  of  this  crop  in  the  combinations. 

Oats  sown  at  the  rate  of  16  pounds  per  acre  in  the  two  combinations 
with  flax  yielded  at  the  rate  of  21  and  22.8  bushels  per  acre,  an  average 
of  21.9  bushels.  This  is  a  2-year  average,  and  therefore  is  not  com- 
parable wnth  the  3-year  average  yields  from  the  combinations  with  32 
Eounds  of  oats  sown  per  acre,  which  produced  yields  of  33.5  and  35.3 
ushels,  respectively,  an  average  of  34.4  bushels. 

EFFECT  ON  WHEAT  AND  OAT  YIELDS  OF  VARYING  THE  RATE  OF  SEEDING  OF  FLAX  IN 

THE  COMBINATIONS 

The  average  yields  of  wheat  from  the  combinations  where  the  rate 
of  seeding  of  flax  was  28  pounds  per  acre  were  somew^hat  higher  in 
nearly  every  instance  than  where  the  rate  of  seeding  of  flax  was 
42  pounds  per  acre.  Where  the  seeding  rate  of  the  wheat  in  the 
combinations  was  15  pounds  the  difference  of  0.5  bushel  between 
the  two  average  yields  of  7.1  and  6.6  bushels  is  not  significant.  When 
the  seeding  rate  of  wheat  is  as  low  as  15  pounds  a  difference  of  14 
pounds  in  the  seeding  rate  of  flax  in  the  combinations  did  not  affect 
materially  the  yields  of  wheat. 

When  the  seeding  rates  of  wheat  in  the  combinations  were  raised 
to  30  and  45  pounds  per  acre,  respectively,  the  3-year  average  acre 
yields  of  wheat  were  1 . 1  and  1  bushel  lower  w^here  the  flax  seeding  was 
42  pounds  than  where  it  was  28  pounds  per  acre.  These  differences 
in  yield  are  significant  and  indicate  that  where  the  seeding  rates  of  the 
wheat  in  the  combinations  are  as  high  as  30  and  45  pounds,  respec- 
tively, the  competition  of  the  flax  plants  from  the  14  pounds  of 
additional  seed  does  lower  the  wheat  yields  materially. 

Fourteen  pounds  of  additional  flaxseed  per  acre  lowered  the  acre 
yields  of  oats  1.8  bushels  where  the  rate  of  seeding  of  oats  was 
16  pounds  and  also  lowered  them  1.8  bushels  where  the  rate  of 
seeding  was  32  pounds.  These  differences  in  yields  probably  are  not 
significant. 

EFFECT  ON  FLAX  YIELDS  OF  VARYING  THE  RATE  OF  SEEDING  OF  WHEAT  AND  OATS 

With  each  increase  in  the  rate  of  seeding  of  wheat  and  oats  there 
was  a  significant  lowering  of  the  average  acre  yields  of  flax.     (Table 

In  the  combination  where  wheat  was  sown  at  the  rate  of  15  pounds 
per  acre,  the  flax  yields  averaged  10.5  and  9.5  bushels,  respectively, 
an  average  yield  of  10  bushels  per  acre  for  the  two  combinations. 
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This  is  2  bushels  higher  than  the  average  yield  of  flax  in  the  two 
combinations  where  the  rate  of  seeding  of  wheat  was  30  pounds,  and 
3.8  bushels  higher  than  the  average  flax  yield  from  the  two  combina- 
tions where  the  rate  of  seeding  of  wheat  was  45  pounds. 

Where  the  rate  of  seeding  of  oats  in  the  two  combinations  was  16 
pounds  per  acre,  the  yields  of  flax  were  8.8  and  7.9  bushels,  an  average 
of  8.4  bushels.  This  yield  is  2.9  bushels  higher  than  where  the  rate 
of  seeding  of  oats  was  32  pounds. 

With  each  increase  in  the  seeding  rate  of  wheat  and  oats  in  the 
combinations  there  was  a  significant  reduction  in  the  acre  yields  of 
flax. 

EFFECT  OF  INCREASING  THE  SEEDING  RATE  OF  FLAX  ON  THE  YIELDS  OF  FLAX  IN 
THE  DIFFERENT  COMBINATIONS 

In  the  wheat-flax  combinations,  the  acre  yield  of  flax  from  the  42- 
pound  rate  of  seeding  is  without  exception  higher  than  that  from  the 
28-pound  rate.     (Table  4.) 

Where  the  seeding  rate  for  the  wheat  was  15  pounds  per  acre, 
the  yield  of  flax  from  the  42-pound  seeding  was  10.5  bushels  and  from 
the  28-pound  seeding  rate  9.5  bushels,  a  difference  of  1  bushel.  Where 
the  rates  of  seeding  of  wheat  in  the  combinations  were  30  and  45 
pounds,  respectively,  the  acre  yields  of  flax  from  the  42-pound  rate  of 
seeding  averaged  in  each  case  1.1  bushels  higher  than  the  yields  from 
the  28-pound  rate,  and  this  same  difference  obtained  where  flax  was 
sown  alone  at  the  42-pound  and  28-pound  rates  of  seeding. 

The  yields  from  the  42-pound  rate  of  seeding  of  flax  in  the  combina- 
tions with  oats  at  the  16-pound  and  32-pound  rates,  respectively, 
were  0.9  bushel  and  0.8  bushel  higher  than  from  the  combinations 
where  the  seeding  rate  of  flax  was  28  pounds. 

The  42-pound  rate  of  seeding  of  flax  either  alone  or  in  the  combina- 
tions with  wheat  used  in  these  experiments  showed  consistently 
higher  average  yields  of  flax  than  the  28-pound  rate  of  seeding.  In 
the  oat-flax  combinations  the  advantages  in  favor  of  the  42-pound 
seeding  rate  for  flax  were  not  so  consistent  as  in  the  wheat-flax  com- 
binations. The  advantage  in  favor  of  the  42-pound  seeding  rate  of 
flax  ranged  from  an  average  of  1  to  1.1  bushels,  for  flax  grown  alone 
and  in  combinations  with  wheat,  to  0.8  and  0.9  bushel,  in  the  combina- 
tions with  oats. 

The  consistency  of  the  higher  average  yields  per  acre  of  flax  in  the 
combinations  and  alone  from  the  42-pound  as  compared  with  the 
28-pound  seeding  rate  of  flax  indicates  that  the  former  rate  is  the  one 
to  use  in  the  State,  provided  these  differences  are  significant.  As 
indicated  in  Table  5,  the  difference  of  1.1  bushels  in  favor  of  the 
average  yield  from  the  42-pound  rate  for  flax  alone  as  compared  with 
the  yield  from  the  28-pound  seeding  is  significant,  being  more  than 
four  times  its  probable  error.  On  the  Featherstone  farm  in  Goodhue 
County,  the  average  yield  from  the  42-pound  seeding  for  flax  alone 
was  not  higher  than  the  yield  from  the  28-pound  seeding  for  flax. 

The  3-year  average  yields  of  wheat  at  three  rates,  15,  30,  and  45 
pounds  per  acre,  in  combination  with  flax  at  28  and  42  pounds  at  nine 
locations  in  Minnesota  are  shown  graphically  in  Figure  2.  The  acre 
yields  of  wheat  and  flax  grown  alone  are  included  for  comparison. 
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COMPARATIVE  YIELDS  OF  CROPS  GROWN  IN  COMBINATION  AND  ALONE 

Comparisons  have  been  made  of  the  wheat,  oat,  and  flax  yields  in 
the  various  combinations,  and  attention  has  been  called  to  the  vari- 
ations in  the  yields  and  proportions  of  each  of  the  crops  in  the  com- 
binations brought  about  by  differences  in  the  rates  of  seeding. 

In  order  to  compare  the  total  yields  of  the  crops  grown  in  combina- 
tion with  the  crops  grow^n  alone,  all  yields  were  converted  to  a  flax 
basis  as  outlined  on  page  5.  The  3-year  average  yields  on  this  basis 
for  each  location  are  given  in  Table  5.     For  each  location  the  difFer- 


23  poc/yv/ns  /^f/e  y^c^e^ 


Figure  2.— Diagram  showing  the  3-year  (1924-1926)  average  acre  yields  of  wheat  and  of  fiax,  seeded 
at  two  rates,  and  of  the  flax-wheat  mixtures  at  nine  localities  in  Minnesota.  Increasing  the  rate  of 
seeding  wheat  in  combination  with  flax  results  in  higher  yields  of  wheat  and  lower  yields  of  flax. 
Increasing  the  rate  of  seeding  of  flax  in  combination  with  wheat  results  in  lower  yields  of  wheat 
and  higher  yields  of  flax 

ences  in  the  yields  for  each  pair  of  combinations,  differing  only  in  the 
rate  of  seeding  of  flax,  indicates  whether  the  higher  seeding  rate  of  flax 
has  resulted,  on  the  average,  in  an  increase  or  decrease  in  total  yield. 

In  the  two  combinations  with  the  15-pound  seeding  of  wheat, 
the  42-pound  seeding  of  flax  resulted  in  some  increase  in  total  average 
yield  at  seven  of  the  nine  locations.  The  average  difference  for  all 
locations  is  less  than  three  times  its  probable  error  and  hence  is 
not  considered  significant. 

Although  in  a  large  majority  of  cases  the  combinations  with  wheat 
sown  at  30  and  45  pounds  and  oats  at  16  and  32  pounds  per  acre 
show  some  advantage  in  total  yield  in  favor  of  the  42-pound  seeding 
for  flax,  none  of  the  3-year  average  differences  for  all  locations  are 
considered  significant. 
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Table  5. — Average  acre  yields  of  combination  crops  and  of  wheat,  oats,  and  flax 
grown  alone  converted  to  a  flax  basis,  in  nine  localities  {eight  counties)  in  Minne- 
sota for  the  3-year  period  1924-1926 


Average  acre  yields  (bushels) 

Crop  and  rates  of  seed- 
ing per  acre  (pounds) 

a 

Goodhue 
County 

§ 

o 
1 

O 

1 

> 

1 

6 

a 

1 

M 

I 

> 

08 

1 

CO 

m 

O         K 

a 
o 

f 

Increase    (+) 
crease      (-) 
pared  with  fla 
at  42  pounds 

Wheat  i5{fj- «::::::: 

9.6 

8.8 

20.6 
19.2 

18.9 
19.2 

23.3 
23.4 

16.7 
16.6 

11.8 
10.8 

10.6 
9.8 

8.7 
7.9 

14.5 
13.4 

14.  9±0.  19 
14.  3±.  18 

+0.5 
-.  1 

DifEerence 

.8 

1.3 

-.3 

-.1 

.1 

1.0 

.8 

.8 

1.1 

.  6±.  26 

Wheat  ^f{«i^;;::;:: 

9.2 
9.4 

20.3 
20.4 

20.0 
19.0 

25.8 
24.9 

16.8 
16.6 

11.4 
11.1 

9.5 
10.1 

10.7 
10.2 

14.7 
13.8 

15.  4±.  20 
15. 1±.  19 

+  1.0 
+.6 

DifEerence 

-.2 

-•1 

1,0 

.9 

.2 

.3 

-.6 

.5 

.9 

.  3±.  28 

whea.«{|i-t_:::::: 

8.8 
10.3 

21.1 
19.3 

20.8 

19.8 

25.9 
23.5 

17.5  1  12.0 
17.3      11.0 

9.8 
10.6 

11.5 
10.3 

14.6 
14.1 

15.  8±.  20 
15.  1±.  19 

+1.4 

+.7 

Difference 

-1.5 

1.8 

1.0 

2.4 

.2  1     1.0 

-.8 

1.2 

.5 

.  7±.  28 

rs  .    oof  Flax  42 

9.0 
9.0 

20.7 
19.8 

18.2 
17.9 

23.1 
22.5 

15.2 
16.1 

10.7 
9.9 

10.3 
9.9 

10.3 
10.5 

13.6 
13.0 

14.  6±.  19 
14.  3±.  18 

+.2 

Oats  32|j,iJ^  28 

—  1 

Difference 

0 

.9 

.3 

.6 

-.9 

.8 

.4 

-.2 

.6 

.  3±.  26 

oatsi6{|it^g;:::::::: 

9.6 
9.2 

19.9 
19.0 

19.7 
18.4 

24.6 
25.2 

19.5 
19.8 

8.2 
8.6 

7.3 
7.3 

8.5 
7.8 

13.0 
12.0 

14.  5±.  19 
14.  1±.  18 

+.1 
-.3 

Difference .-- 

.4 

.9 

1.3 

-.6 

-.3 

-.4 

0 

.7 

1.0 

.  4±.  26 

Wheat  alone  90. 

Oats  alone  64 

9.0 
9.0 

19.7 
19.7 

18.7 
18.7 

23.0 
23.0 

16.0 
16.0 

11.1 
11.1 

10.0 
10.0 

9.6 
9.6 

12.9 
12.9 

14.4±.  18 
14.  4±.  18 

T^i        ,       ("42 

9.0 
7.6 

19.7 
19.9 

18.7 
17.4 

23.0 
21.3 

16.0 
14.4 

11.  1 
10.1 

10.0 
9.2 

9.6 
7.6 

12.9 
12.4 

14.  4±.  18 
13.  3±.  17 

Flax  alone<  gg 



Difference 

1.4 

-.2 

1.3 

1.7 

1.6 

1.0 

.8 

2.0 

.5 

1. 1±.  25 

Probable  error  of  experi- 
ment percentage.  

5.7 

2.2 

2.5 

3.0 

3.2 

2.4 

6.0 

4.1 

3.3 

1.3 

1  2-year  average,  1925-1926. 

Although  apparently  there  are  no  significant  differences  in  the  total 
yields  from  the  combinations  where  the  seeding  rate  of  the  wheat 
was  the  same  and  that  of  the  flax  varied,  a  different  condition  is 
found  when  the  yields  of  the  combinations  from  the  30-pound  wheat 
and  42-pound  flax  and  the  45-pound  wheat  and  42-pound  flax  are 
compared  with  the  yields  from  the  flax  grown  alone  at  the  42-pound 
seeding.  The  average  yields  from  these  two  combinations  are  higher 
by  1±0.26  and  1.4  ±0.26  bushels,  respectively,  than  the  yields  from 
the  flax  grown  alone  at  the  42-pound  seeding  rate.  These  differences 
are  3.8  and  5.4  times  their  probable  errors  and  apparently  are  sig- 
nificant. 

The  two  combinations  with  seeding  rates  of  30  and  45  pounds  of 
wheat  and  28  pounds  of  flax  each  yielded  0.7  ±0.26  bushel  higher 
than  the  flax  grown  alone.  This  difference  is  practically  three  times 
its  probable  error. 

The  two  combinations  with  the  seeding  rates  of  30  pounds  of  wheat 
and  42  pounds  of  flax  and  45  pounds  of  wheat  and  42  pounds  of  flax 
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may  be  considered  as  having  yielded  at  a  definitely  higher  total  rate 
than  the  crops  grown  alone.  Since  the  two  other  combinations  with 
seeding  rates  of  30  and  45  pounds  of  wheat  and  28  pounds  of  flax 
and  the  one  with  the  seeding  rate  of  15  pounds  of  wheat  and  42  pounds 
of  flax  come  so  near  to  equaling  the  other  two  in  acre  yield,  they 
also  may  be  regarded  as  having  yielded  at  higher  rates  than  the  flax 
grown  alone  from  the  42-pound  seeding  rate.  The  yield  from  the 
combination  with  the  wheat  at  15  pounds  and  flax  at  28  pounds  as 


FiGURK  3.— A  shock  of  the  flax-wheat  mixed  crop,  showing  the  well-formed  bundles  made  by  the 

binder 

seeding  rates  and  that  from  the  oat-flax  combinations  were  about 
the  same  as  the  flax  alone  at  the  42-pound  seeding  rate.     (Fig.  3.) 

YIELDS  ON  THE  PERCENTAGE  BASIS 

The  average  yields  of  the  crops  grown  in  combination  and  alone, 
reduced  to  a  flax  basis,  have  been  given  in  Table  5,  and  the  differ- 
ences in  yields  on  that  basis  have  been  discussed. 

In  oraer  to  further  facilitate  comparisons  of  the  average  yields 
from  the  combination  crops  and  the  crops  grown  alone,  each  of  the 
yields  given  in  Table  4  has  been  computed  as  a  percentage  of  the 
yield  of  the  crops  grown  alone.  These  yields,  on  a  percentage  or 
relative  basis,  are  given  in  Table  6.  Comparisons  of  the  yields  from 
any  combination  at  any  location  may  be  readily  made  through  the 
use  of  the  relative  vields  as  given  in  this  table.  On  the  basis  of  the 
3-year  average  yields  per  acre  from  all  locations,  the  combinations 
from  the  seeding  of  45  pounds  of  wheat  and  42  pounds  of  flax  and 


16 


TECHNICAL  BULLETIN    133,  U.  S.  DEPT.  OF   AGRICULTURE 


from  the  seeding  of  30  pounds  of  wheat  and  42  pounds  of  flax  yielded 
8.9  and  6.2  per  cent  higher,  respectively,  than  flax  grown  alone.  As 
is  brought  out  in  the  discussion  of  the  yields  in  Table  5,  these  com- 
binations yielded  at  a  definitely  higher  rate  than  the  crops  grown 
alone. 

Table  6. — Average  acre  yields  oj  combination  crops  converted  to  a  flax  basis  and 
expressed  in  percentages  of  the  yields  of  flax  grown  alone  at  the  /^2-pound  rate  of 
seeding,  in  nine  localities  {eight  counties)  in  Minnesota  for  the  3-year  period 
1924-1926 


Percentages  of  the  yield  of  flax  grown  alone 

Crop  and  rates  of  seed- 
ing per  acre  (pounds) 

a 

c3 

Goodhue 
County 

1 

1 

3 
o 
O 

> 
a 

>> 

O 

1 

>2 
"S 
3 
o 
O 

I 

Averages 

o 

03 

•Sa 

3-yefir   period 
1924-1926 

l! 

Wheat  15(11- «::;:;; 

106.9 
95.9 

i04.n 

97.6 

100.7 
100.9 

100.3 
100.4 

107.0 
105.5 

106.  2 
100.7 

lor..  0 

96.9 

92.0 
82.6 

112.4 
103.9 

104.0 
98.3 

100.3 

Difference 

11.0 

6.5 

-.2 

-•1 

1.5 

5.5 

9.1 

9.4 

8.5 

5.7 

Wheat  30{f|«i;;:::: 

100.3 
101.6 

103.3 
103.8 

107.7 
102.3 

111.2 
106.1 

108.0 
105.5 

105.7 
104.8 

93.9 
99.7 

111.7 
105.0 

114.1 
107.4 

106.2 
104.0 

"i03.'9 

Difference 

-1.3 

-.5 

5.4 

5.1 

2.5 

.9 

-5.8 

6.7 

6.7 

2.2 

Wheat  4o^pj^^  28 

95.1 
111.5 

109.9 
98.1 

111.1 
106.8 

111.0 
101.0 

112.2 
109.6 

109.2 
101.4 

98.2 
105.6 

119.5 
109.8 

113.9 
109.8 

108.9 
105.9 

"ioo.'i 

Difference 

-16.4 

10.8 

4.3 

10.0 

2.6 

7.8 

-7.4 

9.7 

4.1 

3.0 

oat.32{^i-g:;::;::: 

98.9 
100.4 

105.5 
100.4 

96.6 
96.8 

100.6 
97.5 

99.5 
101.9 

97.9 
90.1 

100.0 
99.4 

107.4 
111.6 

106.2 
103.9 

101.4 
100.2 

Difference 

-1.5 

5.1 

-.2 

3.1 

-2.4 

7.8           .6 

-4.2 

2.3 

1.2 

Oats  le^Fiax  28  i 

112.2 
109.4 

100.9 
95.9 

107.0 
100.5 

95.9 
96.2 

94.6 
95.9 

99.  h\    85. 1 
103.9       85.7 

106.4 
97.8 

100.2 
91.5 

100.2 
97.4 

Difference 

2.8 

5.0 

6.5 

-.3 

-1.3 

-4.4  S     -.6 

8.6 

8.7 

2.8 

Wheat  alone  90 

Oats  alone  64 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100         100 
100      1  100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
89 

100 
101.2 

100 
93.2 

100 
92.7 

100 
90.8 

100         100 
92.7  i     89.7 

100 

76.5 

100 
96.6 

100 
91.3 

100 

Flax  alone''.  2g'  " 

92.5 

Difference 

11 

-1.2 

6.8 

7.3 

9.2 

7.3  1     10.3 

1 

23.5 

3.4 

8.7 

7.5 

1  2-year  average. 

PERCENTAGE  OF  FLAX  IN  THE  SEED  SOWN  AND  IN  THE  CROP  HARVESTED 

The  different  combination  crops  are  listed  in  Table  7,  and  the 
percentage  of  flax  in  the  seed  sown  is  given  for  each. 

The  3-year  average  percentage  of  flax  in  the  crops  harvested  from 
each  combination  crop  is  given  for  each  location.  Differences  in  the 
average  percentages  of  flax  in  the  crops  harvested  from  each  two 
combinations,  in  which  the  seeding  rate  for  the  wheat  or  oats  was  the 
same  but  the  seeding  rate  of  the  flax  varied,  are  given  for  each  location. 

In  the  six  wheat-flax  combinations  the  average  percentage  of  flax 
in  the  crops  harvested  ranged  from  9.4  to  14.8  per  cent  less  than  in  the 
seed  sown. 
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Table  7. — Percentage  of  flax  in  the  seed  of  the  combination  crops  sown  and  in  the 
crops  harvested  in  nine  localities  {eight  counties)  in  Minnesota  for  the  3-year 
period  1924-1926 


Crop  and  rates  of  seeding 
per  acre  (pounds) 


Percentages  of  flax  in  crops  harvested 


Ooodhue 
County 


h 

OS 

g  a 


ill 


iS.2  « 


Difference 

Difference 

Difference 

Oats  W^^"  ^2 

uats  dZjpi^j  28 

Difference 

Oats  16|j,i^j  28  « 

Difference 


73.7 
65.1 


42.6 
42.1 


67.5 
62.8 


67.3 
62.4 


78.1 
73.6 


63.1 
60.0 


50.5 
40.8 


71.9 
67.5 


61.8 
68.0 


33.9 


59.6 

55.7 


14.1 
-9.4 


8.6 


4.7 


4.9 


4.5 


9.7 


3.8 


3.9 


58.3 
48.3 


10.0 


48.3 
38.4 


9.9 


56.7 
46.7 


10.0 


72.4 


30.2 
27.4 


53.7 
47.6 


51.9 
44.5 


62.5 
57.9 


62.5 
46.3 


33.1 
28.0 


57.6 
47.0 


46.9 
34.0 


21.3 
17.3 


45.5 


■12.8 
-9.4 


2.8 


6.1 


7.4 


6.2 


5.1 


10.6 


12.9 


4.0 


6.6 


20.1 
16.1 


43.9 
38.5 


37.4 
31.8 


50.0 
49.2 


40.7 
37.4 


28.7 
23.8 


35.9 
27.7 


30.8 
24.0 


14.1 
9.4 


33.6 
28.6 


■14.8 
-9.9 


5.0 


5.4 


5.6 


3.3 


4.9 


8.2 


6.8 


11.7 
9.9 


30.3 
26.8 


23.5 
17  9 


35.5 
27.1 


31.7 
29.2 


32.0 
26.0 


27.7 
29.4 


34.2 
30.6 


1.8 


3.5 


5.6 


8.4 


2.6 


6.0 


3.6 


29.6 
24.1 


69.2 
51.8 


54.9 
44.4 


66.0 
50.1 


38.0 
41.8 


41.8 
40.3 


64.1 
60.3 


6.6 


7.4 


10.6 


5.9 


-3.8 


1.5 


3.8 


4.7 


5.0 


14.5 


27.0 
23.5 


-29.7 
-23.2 


2.1 


3.5 


38.4 
33.6 


46.7 
41.7 


-26.7 
-21.9 


4.8 


4.0 


>  2-year  average. 

The  percentages  of  flax  sown  in  the  16-pound  and  32-pound  com- 
binations of  oats  are  practically  the  same  as  for  the  combinations 
sown  with  15  and  30  pounds  per  acre  of  wheat.  However,  the 
percentages  of  flax  in  the  harvested  crops  of  the  oat-flax  combinations 
are  distinctly  lower  than  the  percentages  of  flax  in  the  crops  harvested 
from  the  wheat-flax  combinations.  Plants  of  Victory  oats  bear  a 
considerable  number  of  leaves  above  the  general  height  level  of  the 
flax  plants,  whereas  most  of  the  leaves  of  Marquis  wheat  plants  are 
at  the  level  of  or  below  the  inflorescences  of  the  flax  plants.  Owing 
largely  to  this  difference,  flax  has  a  better  opportunity  when  growing 
with  wheat  than  with  oats. 

In  practically  every  trial  where  the  wheat  or  oat  seeding  rate  was 
the  same  the  average  percentage  of  flax  in  the  combination  crops 
harvested  from  the  42-pound  seeding  for  flax  was  higher  than  in  the 
crops  harvested  from  the  28-pound  seeding. 

The  percentages  of  flax  in  the  combination  crops  averaged  lower 
for  the  trials  in  Polk  and  Ramsey  Counties  than  at  the  other  loca- 
tions. 

Where  seed  of  the  crops  grown  together  is  to  be  used  for  sowine 

combination  crops  again,  it  is  advisable  to  separate  the  seed,  and 

after  removing  any  weed  seeds  that  may  be  in  either  one  mix  them 

again  in  the  proportions  desired.     Another  way  is  to  separate  a 

63132°— 29 3 
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weighed  sample  of  the  grain  from  the  crop  harvested  to  determine  the 
proportions  of  the  wheat  and  flax  and  then  add  as  much  flaxseed  as  is 
necessary  to  bring  it  up  to  the  desired  proportion. 

EFFECT  OF  WEEDS 

Where  many  weeds  grow  up  in  flax  sown  alone,  they  compete  with 
the  flax  in  much  the  same  way  as  the  wheat  or  oats  sown  in  the  com- 
bination crops  and  thus  reduce  the  yields.  As  an  average  for  a  2 -year 
period,  extensive  yield  determinations  made  by  removing  adjacent 
heavily  and  lightly  weed-infested  square-yard  areas  of  flax  from  a 
number  of  different  fields  showed  an  average  acre  yield  of  2.3  bushels 
of  flax  less  on  the  heavily  weed-infested  areas. 

Wheat  sown  at  the  rate  of  30  to  45  pounds  per  acre  with  flax 
eliminates  weeds  very  largely,  except  wild  oats  and  such  perennial 
weeds  as  quack  grass  and  sow  thistle.  The  wheat  in  the  combinations 
lowers  the  yields  of  flax,  but  produces  a  part  of  the  total  crop  valuable 
in  itself.  Wheat  sown  at  15  pounds  per  acre  in  combination  with 
flax  does  not  produce  a  stand  heavy  enough  to  control  weed  growth 
as  effectively  as  do  seedings  of  30  or  45  pounds  per  acre. 

The  yields  given  in  Tables  4  and  5  for  Ramsey  County  in  particular 
and  the  values  per  acre  given  in  Table  9  for  the  same  location  indicate 
that  it  is  practicable  to  grow  the  wheat-flax  combination  crop  on 
land  that  is  too  weedy  to  grow  flax  alone  and  to  secure  from  it  a 
return  higher  than  from  the  flax  crop  grown  alone  under  unfavorable 
conditions. 

WEIGHT  PER  BUSHEL  AND  PER  1,000  KERNELS 

In  Goodhue,  Faribault,  and  Wilkin  Counties  the  wheat  in  the 
combination  crops  tested  enough  higher  in  bushel  weight  to  make  a 
difference  of  one  market  grade.  At  the  other  locations  the  test 
weights  of  the  wheat  in  the  combination  crops  averaged  about  the 
same  as  the  weight  of  the  wheat  grown  alone. 

The  weight  in  grams  per  1,000  kernels  of  wheat  grown  alone  and 
in  the  combinations  was  lower  in  Stevens,  Wilkin,  Clay,  and  Polk 
Counties  than  at  the  other  locations,  owing  largely  to  some  damage 
from  black  stem  rust.  The  wheat  in  the  combination  crops  from  all 
locations  averaged  25.45  grams  per  1,000  kernels  and  that  grown 
alone  24.07  grams  per  1,000  kernels,  a  difference  of  1.38  grams  in 
favor  of  that  grown  in  the  combination  crop.  The  oats  in  the  com- 
bination crops  averaged  27.06  grams  per  1,000  kernels  and  those 
grown  alone  25.93  grams  per  1,000  kernels,  a  difference  of  1.13  grams 
in  favor  of  the  combination. 

In  the  combinations  with  wheat,  the  flax  averaged  4.27  grams 
per  1,000  seeds  and  in  those  with  oats  4.30  grams  per  1,000  seeds. 
Flax  grown  alone  averaged  4.23  grams  per  1,000  seeds. 

STRAW  YIELDS  PER  ACRE 

The  average  yields  of  straw  per  acre  for  each  of  the  combination 
crops  and  for  each  crop  grown  alone  are  given  in  Table  8. 

In  Minnesota,  No.  1  flax  straw  during  the  past  five  years  has  had  an 
average  market  value  of  $11  per  ton  and  No.  2  straw  a  value  of  $9  per 
ton,  laid  down  at  the  points  where  used.  Under  the  present  rules 
No.  1  flax  straw  must  average  10  inches  in  length,  and  in  the  No.  2 
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grade  it  must  average  6  inches  in  length.  No.  1  straw  may  contain  up 
to  5  per  cent  and  No.  2  up  to  10  per  cent  of  weeds.  Higher  percentages 
of  weeds  result  in  dockage. 

Table  8. — Average  acre  yields  of  straxo  from  the  combination  crops  and  the  crops 
grovm  alone  in  seven  localities  {six  counties)  in  Minnesota  for  the  3-year 
peHod  1924-1926 


Average  acre  yields  of  straw  (tons) 

Crop  and  rates  of 
seeding  i)er  acre 

Ramsey 
County 

Ooodhue  County 

Faribault 
County 

RenvUle 
County 

Wilkin 
County 

Clay 
County 

(pounds) 

Feather- 
stone 
farm 

Hein- 
richs 
farm 

3-year 
average 

Wheat  i5..{^Uj«:: 

Wheat  3«..{f|£«-; 

Wheat  «-.{j]|jg:: 

Oats32....{^]««" 

o.ts.6....{^>S^;: 

Wheat  alone  90.. 

Oats  alone  64 

1.4 
L5 

1.5 
1.5 

1.5 
1.6 

1.4 
1.5 

1.6 
1.6 

2.0 
1.8 

1.4 
1.3 

9 

7 

9 

8 

9 
9 

9 

8 

6 
5 

6 
5 

6 
6 

1.8 
1.8 

1.8 
1.9 

1.9 
1.9 

1.9 
1.8 

1.8 
1.7 

1.7 
1.6 

1.6 
1.6 

1.8 
1.7 

2.0 
1.9 

2.0 
1.9 

2.1 
2.1 

2.2 
2.1 

2.1 
2.0 

1.7 
1.7 

1.7 
1.7 

1.7 
1.6 

1.7 
1.7 

1.6 
1.6 

1.8 
1.7 

1.5 
1.6 

1.5 
1.4 

1.2 
1.2 

1.2 
1.2 

1.4 
1.3 

1.3 

1.1 

1.2 
1.5 

1.5 
1.3 

1.1 
1.0 

1.3 
1.2 

1.4 
1.4 

1.6 
1.7 

1.5 
1.6 

L4 
1.2 

1.5 
1.7 

.8 
.8 

1.6 
1.6 

1.6 

1.6 

1.7 
1.7 

1.7 
1.6 

1.6 
1.6 

1.7 

1  7 

Flax  alone {§" 

1.4 
1.3 

« Two-year  average. 

Within  a  radius  of  approximately  200  miles  from  points  where  flax 
straw  is  used,  freight  charges  range  around  $3  per  ton.  The  hauling 
expense  from  farm  to  station  is  approximately  $3  per  ton,  and  the 
baling  costs  $3  per  ton.  The  5-year  average  value  of  No.  1  flax  straw 
in  the  stack  on  the  farm  therefore  has  been  about  $2  per  ton.  Baling 
and  hauling  flax  straw  offers  some  employment  during  part  of  the 
winter  for  men  and  teams  at  fair  wage  rates. 

If  flax  is  grown  as  a  combination  crop  with  wheat,  oats,  or  barley, 
the  straw  can  not  be  used  by  the  industries  that  provide  a  market  for 
pure  flax  straw. 

ADVANTAGES  AND  DISADVANTAGES  OF  COMBINATION  CROPS  NOT  SHOWN  IN  YIELDS 

The  wheat-flax  and  oat-flax  combination  crops  are  no  more  difficult 
to  cut  with  the  binder,  to  shock,  and  to  stack  than  wheat  or  oats 
grown  alone.  For  growers  who  do  not  care  to  grow  flax  alone,  the 
combinations  offer  the  opportunity  to  secure  some  of  the  benefits  of 
the  relatively  higher  price  for  flax  than  for  the  other  crops,  whenever 
that  relationship  exists,  without  the  necessity  of  growing  flax  alone. 

The  only  disadvantage  of  the  combination  crop  is  the  necessity 
of  separating  the  grain  making  up  the  mixture.  The  great  differences 
in  size  make  this  easy  to  accorfiplish  by  means  of  the  ordinary  fanning 
mill.  In  Goodhue  County,  where  a  large  acreage  of  the  combination 
crop  is  grown  each  year,  the  mixed  grain  is  stored  in  granaries  as  it 
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comes  from  the  threshers,  and  before  the  grain  is  marketed  the  sepa- 
ration is  made  at  a  cost  of  approximately  2  cents  per  bushel  of  mixed 
grain. 

ACRE  VALUES  OF  THE  CROPS  GROWN  IN  COMBINATION  AND  ALONE 

The  farm  prices  of  flax,  wheat,  and  oats  in  Minnesota  on  December 
1  of  stated  years  are  given  in  Table  1. 

The  3-year  average  gross  values  per  acre  at  these  prices  are  given 
in  Table  9  for  each  location  and  for  all  locations.  The  5-year  average 
gross  values  per  acre  for  each  grain  in  the  combinations  and  for  each 
crop  grown  alone,  with  the  totals,  also  are  given  in  this  table.  Gross 
values  per  acre  for  the  combinations  and  for  the  crops  grown  alone 
may  be  computed  for  any  other  period  of  years  by  using  the  yields  per 
acre  given  in  Table  4  and  the  prices  on  December  1  for  the  period  of 
years  selected. 

Table  9. — Average  gross  acre  values  of  combination  crops  in  comparison  with 
the  same  crops  grown  alone  in  nine  localities  {eight  counties)  in  Minnesota  for 
the  3-year  period  1924-1926 


Farm  value  per  acre  on  Dec.  1 

Crop  and   rates   of 

a 
i 

Goodhue 
County 

1 

O 

1 

>> 

a 

a 

a 
>> 

o 

1 
o 
U 

1 

5-year  average » 

seeding    per    acre 
(pounds) 

® 
o 

® 

w 

1 

X 

CS 

1 

Wheat  i6{fi|^ «-_::: 

$25.9 
24.6 

$42.6 
39.4 

$37.9 
37.6 

$46.6 
45.0 

$34.3 
33.3 

$26.0 
23.7 

$23.0 
21.1 

$17.5 
15.6 

$33.4 
31.0 

$31.8 
30.1 

$7.9 
8.4 

$22.6 
20.2 

$30.4 
28.6 

Difference 

1.4 

3.2 

.4 

.6 

1.0 

2.3 

1.9 

1.9 

2.4 

1.7 

-.5 

2.3 

1.8 

whe..migg:::: 

28.0 
29.0 

40.6 
40.4 

37.5 
34.7 

45.1 
42.5 

33.2 
31.9 

25.5 
24.2 

20.4 
21.6 

20.3 

18.8 

34.3 
32.1 

31.7 
30.6 

11.9 
13.2 

18.1 
15.8 

30.0 
29.0 

Difference 

-1.0 

.2 

2.8 

2.6 

1.3 

1.3 

-1.2 

1.5 

2.2 

1.1 

-1.3 

2.3 

1.0 

w^-t45{|i-g:::: 

29.2 
32.9 

41.2 
37.3 

36.8 
34.6 

41.4 
37.3 

32.6 
31.2 

26.3 
23.9 

20.4 
21.1 

20.8 

17.8 

34.4 
33.6 

31.4 
30.0 

16.2 
16.4 

14.3 
11.9 

29.5 
28.3 

Difference 

-3.7 

3.9 

2.3 

4.1 

1.4 

2.4 

-.7 

3.0 

.8 

1.4 

-1.2 

2.4 

1.2 

o^'^^HKi:::::: 

18.9 
19,4 

34.0 
31.6 

29.7 
28.0 

36.8 
32.9 

25.7 
26.8 

18.1 
16.0 

17.9 
17.3 

19.4 
19.4 

23.5 
22.4 

24.9 
23.7 

12.1 
12.7 

12.6 
10.9 

24.7 
23.6 

Difference 

-.6 

2.4 

1.7 

3.9 

-1.1 

2.1 

.6 

0.0 

1.1 

1.2 

-.6 

1.7 

1.1 

uats  16|j,j^  28  2 

20.3 
18.2 

36.7 
33.5 

32.4 
29.8 

43.9 
42.2 

34.2 
33.8 

13.9 
15.1 

11.8 
11.7 

15.4 
13.5 

20.3 
17.8 

25.4 
24.1 

7.6 
8.2 

18.7 
16.8 

26.3 
25.0 

Difference 

2.1 

3.2 

2.6 

1.7 

.4 

-1.2 

.1 

1.9 

2.5 

1.3 

.6 

1.9 

1.3 

Wheat  alone  90 

Oats  alone  64 

33.8 
19.3 

33.0 
23.7 

28.1 
24.3 

24.1 
23.0 

23.6 

18.7 

23.6 
14.6 

20.0 
13.7 

15.5 
15.0 

32.5 
20.4 

26.0 
19.2 

23.8 
19.1 

23.8 
19.1 

Flax  alone{g— ----- 

19.9 
17.3 

43.2 
43.6 

41.4 
38.6 

50.4 
46.9 

35.1 
31.3 

24.9 
22.7 

22.1 
20.2 

21.4 
17.1 

28.6 
27.4 

31.9 
29.5 



30.7 
28.3 

30.7 
28.3 

Difference 

2.6 

-.4 

2.8 

3.6 

3.8 

2.2 

1.9 

4.3 

1.2 

2.4 

2.4 

2.4 

1  Based  on  average  (1923-1927)  farm  prices  on  Dec.  1  in  Minnesota. 
*  2-year  average,  1925-1926, 
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Flax  alone  at  the  42-pound  seeding  rate  averaged  for  all  locations 
$2.40  higher  in  gross  value  per  acre  for  both  the  3-year  and  the  5-year 
periods  than  flax  at  the  28-pound  seeding  rate.  Deducting  75  cents 
for  the  14  pounds  of  additional  seed  sown  and  15  cents  for  the  addi- 
tional harvesting  and  threshing  expense,  there  was  left  an  additional 
income  per  acre  of  $1.50  from  the  42-pound  seeding  as  compared 
with  the  28-pound  rate. 

On  the  Featherstone  farm  in  Goodhue  County  the  gross  values 
per  acre  for  the  flax  sown  alone  at  the  28-pound  and  the  42-pound 
rates  were  practically  equal.  In  Polk  and  Wilkin  Counties  the  addi- 
tional gross  income  from  seeding  42  pounds  as  compared  with  28 
pounds  of  flax  per  acre  was  only  $1.20  and  $1.90  per  acre,  respectively. 
At  each  of  the  other  locations,  the  additional  gross  income  per  acre 
from  the  42-pound  as  compared  to  the  28-pound  seeding  was  decid- 
edW  in  favor  of  the  heavier  rate,  varying  from  $2.20  to  $4.30. 

For  the  crops  grown  alone,  the  comparative  gross  values  per  acre 
depend  on  the  relative  ^^ields  per  acre  and  values  per  bushel.  Flax  has 
been  relatively  higher  m  price  th^n  wheat  and  oats  during  the  3-year 
and  5-year  periods  under  consideration  and  hence  has  the  advantage 
oyer  wheat  and  oats  on  a  value-per-acre  basis  where  the  comparative 
yields  are  not  out  of  line.  In  Polk  and  Stevens  Counties,  for  the 
3-year  period,  the  acre  yield  of  wheat  was  nearly  twice  that  of  flax 
alone  and  in  Ramsey  County  nearly  three  times  that  of  flax  alone. 
With  this  large  advantage  in  acre  yield,  wheat  even  at  a  relatively 
lower  price  per  bushel  averaged  nearly  as  high  as  flax  in  Stevens 
and  Wilkin  Counties,  slightly  higher  than  flax  in  Polk,  and  decidedly 
higher  in  Ramsey  County  in  gross  value  per  acre. 

In  Ramsey  County  the  comparatively  low  yields  of  flax  alone  were 
due  to  weed  competition.  Weeds  were  a  factor,  also,  in  reducing 
yields  in  the  combinations  in  which  wheat  was  sown  at  the  15-pound 
rate  and  oats  at  the  16-pound  rate. 

Although  the  wheat-flax  combinations,  with  the  exception  of  that 
in  which  the  seeding  rate  was  wheat  15  pounds  and  flax  28  pounds, 
may  be  considered  as  having  averaged  higher  in  total  yield  than  the 
crops  grown  alone,  as  shown  in  Table  5,  the  gross  returns  per  acre  are 
slightly  lower  than  for  the  flax  alone.  This  is  due  to  the  fact  that 
the  wheat  and  flax  and  the  oats  and  flax  grown  together  compete 
with  each  other,  and  the  yields  of  both  are  lowered.  The  proportion 
of  the  grain  of  each  crop  of  the  total  yield  varies  with  conditions 
during  the  growing  season.  With  the  average  price  of  wheat  at 
$1.19  and  of  flax  at  $2.13  per  bushel,  in  any  of  the  wheat-flax  com- 
binations grown,  the  yield  and  value  of  the  flax  was  lowered  more  in 
comparison  with  the  average  yield  and  value  per  acre  of  the  flax  grown 
alone  from  the  42-pounds  per  acre  seeding  rate  than  the  value  of  the 
yield  of  wheat  in  the  same  combination.  Seeding  30  and  45  pounds 
of  wheat  with  42  pounds  of  flax  resulted  in  significantly  higher  total 
yields  per  acre  than  were  obtained  from  flax  alone.  However,  in 
these  combinations  the  wheat,  which  averaged  relatively  lower  in 

f)rice  than  flax,  reduced  the  yields  of  flax  to  such  an  extent  that  a 
ower  total  gross  value  per  acre  was  secured  from  a  higher  total 
yield  per  acre. 

If  the  average  price  of  wheat  for  the  3-year  and  the  5-year  periods 
had  been  relatively  as  high  as  that  of  flax,  the  gross  returns  per  acre 
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for  the  crops  grown  in  combination  and  alone  would  bear  more  nearly 
the  same  relation  to  each  other  as  their  yields  per  acre. 

The  vrheat  and  oats,  both  in  the  combinations  and  alone,  gave  yields 
relatively  higher  in  Ramsey,  Goodhue,  and  Polk  Counties  than  at  the 
other  locations.  This  is  shown  in  Table  4.  With  the  relatively  low 
yield  of  flax  alone  as  the  base  in  Ramsey  and  Polk  Counties  and  the 
wheat  yields  in  the  combinations  relatively  high,  the  combination 
crops  and  the  wheat  alone  show  higher  values  per  acre  than  the  flax 
alone.  In  Polk  County,  the  wheat-flax  combinations  with  the  heavier 
seeding  rate  of  flax  show  some  increase  in  value  per  acre  over  wheat 
grown  alone.  In  Ramsey  County  the  wheat-flax  combinations  with 
the  30-pound  and  the  45-pound  seeding  rates  for  wheat  produced 
yields  of  the  highest  values  at  this  location,  but  stiU  not  higher  than 
the  value  per  acre  of  wheat  grown  alone. 

In  Goodhue,  Faribault,  and  RenviUe  Counties  the  flax  yields  and 
values  per  acre  were  high  relative  to  those  of  wheat,  both  alone  and  in 
the  combinations.  The  gross  values  per  acre  of  the  wheat-flax  com- 
bination crops  were  slightly  lower  than  those  of  the  flax  grown  alone, 
but  distinctly  higher  than  those  of  the  wheat  and  the  oats  grown  alone. 

The  yields  from  the  16-pound  oat-flax  combinations  are  averages 
for  two  years  only  and  hence  are  not  strictly  comparable  to  the  yields 
obtained  from  sowing  the  oats  at  the  32-pound  rate  in  combination 
with  flax.  With  a  few  exceptions  the  oat-flax  combination  crops  had 
a  lower  total  value  per  acre  than  the  wheat-flax  combinations.  This 
is  due  in  part  to  the  fact  that  oats  is  not  so  well  suited  as  wheat  to 
growing  in  combination  with  flax  and  in  part  to  the  lower  relative 
price  per  bushel  of  oats  as  compared  with  the  price  of  flax  for  the 
3-year  and  the  5-year  periods. 

The  oat-flax  combinations  produced  crops  having  a  higher  gross 
value  per  acre  than  were  obtained  from  the  oats  grown  alone. 

SUMMARY  OF  RESULTS  IN  MINNESOTA 

The  results,  with  a  few  exceptions,  indicate  that  adequate  moisture 
supply  throughout  the  growing  season  favors  increases  in  yields  of  the 
combination  crops  over  the  same  crops  grown  alone.  The  presence 
of  enough  moisture  in  the  soil  during  the  early  part  of  the  growing 
season  to  permit  luxuriant  vegetative  growth  followed  by  low  pre- 
cipitation during  the  time  the  grain  is  filling  is  unfavorable  for  the 
combination  crops  as  compared  with  the  same  crops  grown  alone. 

The  yields  obtained  over  the  3-year  period  show  definitely  that  flax 
yields  in  the  combination  crops  average  considerably  lower  than 
yields  from  the  flax  grown  alone.  In  only  six  cases,  or  2.1  per  cent, 
out  of  a  total  of  288  separate  trials  were  the  flax  yields  in  the  com- 
bination crops  equal  to  the  yields  of  the  flax  grown  alone. 

Flax  sown  alone  at  42  pounds  per  acre  averaged  1.1  bushels  higher 
in  acre  yield  than  flax  from  the  28-pound  seeding.  After  deducting 
for  the  extra  quantity  of  seed  sown  and  the  additional  threshing 
expense,  the  gain  from  the  heavier  seeding  rate  was  $1.50  per  acre  at 
the  average  farm  price  for  the  3 -year  period. 

The  yields  of  wheat  and  oats  in  the  combination  crops  increased  as 
the  seeding  rate  of  wheat  and  oats  increased,  but  not  in  the  same 
proportions. 

In  the  combination  crops  where  the  seeding  rate  of  the  wheat  and 
oats  was  the  same,  somewhat  higher  yields  of  wheat  and  oats  were 
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obtained  where  the  rate  of  seeding  of  flax  was  28  pounds  as  compared 
with  42  pounds  per  acre. 

Where  the  rate  of  seeding  rate  of  flax  in  the  combination  crops  was 
the  same  the  higher  yields  of  wheat  and  oats  were  obtained  where 
these  grains  were  sown  at  the  higher  rates. 

In  the  combination  crops  of  wheat  and  flax  the  42-pound  rate  of 
seeding  of  flax  produced  practically  the  same  increases  in  yields  of  this 
crop  over  the  28-pound  seeding  rate  that  were  obtained  where  the  flax 
was  growTi  alone  at  the  two  rates  of  seeding.  In  the  oat-flax  com- 
binations this  advantage  of  the  42-pound  over  the  28-pound  seeding 
rate  for  flax  was  somewhat  less. 

The  combination  of  wheat  and  flax  at  a  seeding  rate  of  45  and  42 
pounds,  respectively,  per  acre  yielded  a  total  of  1.4  bushels  per  acre 
more  than  flax  alone  at  the  42-pound  seeding  rate.  This  is  an  increase 
of  9.7  per  cent  in  yield.  Four  of  the  other  five  wheat-flax  combina- 
tions produced  increased  yields  of  0.5  to  1  bushel,  or  3.5  to  6.9  per  cent, 
over  the  yield  of  flax  grown  alone. 

The  average  percentage  of  flax  in  the  combination  crops  harvested 
varied  considerably  for  the  several  locations  and  for  different  years. 
On  an  average,  the  decrease  in  the  flax  percentage  in  the  crops  har- 
vested below  that  in  the  seed  mixture  sown  was  approximately  twice 
as  great  in  the  oat-flax  as  in  the  wheat-flax  combinations.  When  the 
grain  from  combination  crops  is  used  for  seeding,  it  is  always  advisable 
to  make  a  percentage  determination  of  the  seeds  present  in  an  average 
sample  and  add  the  quantities  of  flax  necessary  to  bring  the  propor- 
tions up  to  what  has  been  foimd  to  be  necessary  for  the  best  results. 

Where  weeds  other  than  wild  oats  and  lamb's-quarters,  or  such 
perennial  weeds  as  quack  grass  or  sow  thistle,  reduce  the  yields  of 
flax  grown  alone,  the  addition  of  30  to  45  pounds  of  wheat  or  32  pounds 
of  oats  to  the  flax  will  practically  ehminate  the  weeds,  and  yields  of 
higher  acre  values  will  be  produced. 

The  average  test  weights  of  the  wheat  and  oats  grown  in  the  com- 
binations at  four  out  of  nine  locations  were  higher  than  for  the  same 
crops  grown  alone. 

The  wheat  and  oats  grown  in  the  combination  crops  weighed  some- 
what heavier  per  1,000  kernels  than  when  grown  alone  at  the  usual 
rates  of  seeding.  The  differences  between  the  weights  per  1,000 
seeds  of  flax  grown  in  the  combinations  and  alone  were  small,  but 
consistently  favored  the  combination  cropping. 

Where  the  flax  was  grown  alone  at  the  42-pound  seeding  rate,  the 
acre  yields  of  straw  varied  from  0.83  ton  in  Clay  County  to  1.7  tons 
in  Faribault  County,  with  an  average  for  all  locations  of  1.4  tons. 

The  combination  crops  are  as  easily  harvested,  shocked,  and 
stacked  as  wheat  or  oats  grown  alone.  Therefore,  growing  the  com- 
bination crops  eliminates  the  objections  that  some  growers  have  to 
raising  flax  alone. 

Although  four  of  the  wheat-flax  combinations  averaged  significantly 
higher  in  yield  than  the  flax  alone  at  the  42-pound  seeding  rate,  the 
gross  values  per  acre  are  either  equal  to  or  slightly  lower  than  those 
for  the  flax  alone  at  that  rate  of  seeding.  The  relatively  high  price 
of  flax  as  compared  with  that  of  wheat  offsets  the  advantage  in  total 
yield  of  the  wheat-flax  combination  crops. 

The  3-year  average  gross  values  per  acre  of  the  wheat-flax  combi- 
nations are  higher  than  the  values  per  acre  of  the  oat-flax  combinations 
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for  the  same  period  and,  with  a  few  exceptions,  higher  than  the 
values  per  acre  of  the  wheat  alone  or  the  oats  alone. 

The  3-year  average  gross  values  per  acre  of  the  oat-flax  combina- 
tion crops  are  distinctly  higher  at  each  location  than  the  values  per 
acre  of  the  oats  alone  at  the  same  locations.  As  long  as  oats  remain 
at  a  relatively  low  price  as  compared  with  flax,  many  growers  in  the 
southern  and  western  parts  of  the  State  can  profit  by  substituting 
either  clear  flax  or  one  of  the  combinations  on  much  of  the  acreage 
now  devoted  to  growing  oats  alone. 

EXPERIMENTS  IN  NORTH  DAKOTA 

By  T.  E.  Stoa,  Assistant  Agronomist,  North  Dakota  Agricultural  Experiment  Station 

The  North  Dakota  Agricultural  Experiment  Station  conducted 
experiments  with  flax-wheat  mixtures  as  early  as  1898  (7).  The 
results  during  the  years  1898  to  1902  were  not  such  as  to  encourage 
the  practice  of  mixed  cropping.  Wilt-resistant  varieties  were  then 
unknown,  and  some  of  the  difficulty  of  obtaining  satisfactory  flax 
yields  can  be  attributed  to  the  destruction  of  flax  stands  by  the  flax- 
wilt  disease.  Late  seeding  also  caused  low  yields.  Early  seeding  of 
flax  was  believed  inadvisable  at  that  time,  and  where  the  mixture  was 
grown  seeding  was  usually  delayed  until  it  was  thought  safe  for  flax. 
The  result  was  that  both  crops  suffered,  and  yields  were  not  satis- 
factory. 

At  Dickinson  and  Mandan  preliminary  trials  with  the  seeding  of 
flax  with  wheat,  oats,  and  barley  were  conducted  in  1917  and  1918. 
Drought  and  Russian  thistle  affected  yields  in  both  years,  the  develop- 
ment of  the  flax  plants  being  restricted  because  of  the  competition 
from  the  companion  crop  and  the  Russian  thistle.  At  Fargo,  in  1919, 
N.  D.  R.  No.  114,  a  wilt-resistant  variety  of  flax,  and  Marquis  wheat 
were  seeded.  The  seeding,  however,  was  later  than  desirable,  and 
with  stem  rust  prevalent  the  wheat  rusted  badly. 

The  apparent  success  of  flax-wheat  cropping  in  southeastern 
Minnesota,  where  this  cropping  method  is  more  common,  aroused  a 
great  deal  of  interest  among  growers  in  North  Dakota.  In  1923 
the  experiment  station  undertook  a  more  complete  study  of  this 
method  to  determine  its  adaptability  to  North  Dakota  conditions. 
In  that  year  flax- wheat  trials  were  established  by  the  State  at  Fargo, 
Dickinson,  and  WilHston,  and  by  the  United  States  Department  of 
Agriculture  at  Mandan.  In  addition  to  the  trials  in  the  experiment 
station  fields,  a  number  of  tests  were  conducted  in  cooperation  with 
farmers  in  different  parts  of  the  State.  Wilt-resistant  flax  was  used 
where  the  flax  disease  might  be  a  factor,  and  usually  Marquis  or  Kota 
was  used  as  the  standard  variety  of  common  wheat.  Seasonal 
conditions  were  fairly  good  during  the  years  1923  to  1925  and  again 
in  1927,  though  summer  droughts  prevailed  in  some  areas,  especially 
in  1925.  In  1926  the  spring  was  cold  and  dry.  Strong  winds  from 
day  to  day  were  unfavorable  to  the  early  development  of  crops.  In 
much  of  the  State  serious  drought  conditions  continued  through  the 
summer.  The  April  to  August  rainfall  record  for  Fargo,  Dickinson, 
and  Mandan  is  set  forth  in  Table  10.  A  summary  of  the  flax-wheat 
trials  is  reported  under  the  individual  headings  for  each  station. 
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RESULTS  AT  FARGO 

Results  for  four  years  are  available  at  Fargo  '  and  the  data  are 
presented  in  Table  11.  Flax  in  the  mixture  was  seeded  at  two  rates 
(20  and  28  pounds  per  acre),  to  which  wheat  was  added  in  three 
different  quantities  (15,  30,  and  45  pounds  per  acre,  except  that  in 
1927  the  trial  was  reduced  to  two  rates  for  the  mixture).  The 
check  plots  of  flax  and  of  wheat  seeded  alone  were  sown  at  the  rate 
considered  standard  for  this  region,  flax  28  pounds  and  wheat  75 
pounds.     The  appearance  of  the  mixed  crop  is  shown  in  Figure  4. 

Favorable  yields  and  comparisons  were  obtained  in  1923,  1926,  and 
1927.  In  1925  excessive  June  rains  reduced  all  stands  and  subsequent 
yields  in  this  field,  wheat  being  injured  to  a  greater  extent  than  flax. 


Figure  4.— A  mixed  crop  of  flax  and  wheat  grown  on  sweet-clover  sod  near  Buffalo,  N.  Dak.,  in 
1924.    The  yield  per  acre  was  5.9  bushels  of  flax  and  16.1  bushels  of  wheat 

There  was  some  frost  damage  in  the  spring  of  1926  and  some  injury 
from  drought  and  high  wind. 

For  the  three  years,  1923,  1925,  and  1926,  flax  alone  averaged  12 
bushels  per  acre.  When  seeded  at  the  same  rate,  but  with  15  pounds 
of  wheat  added,  the  average  acre  yield  was  reduced  to  8  bushels.  As 
a  higher  proportion  of  wheat  was  used  in  the  mixture  the  flax  yields 
were  correspondingly  reduced.  With  30  pounds  of  wheat  added,  5.1 
bushels  of  flax  was  produced,  and  with  45  pounds  of  wheat  added  the 
yield  of  flax  was  3.1  bushels.  The  yields  of  wheat  increased  from  8.2 
bushels  to  14.9  bushels  per  acre  as  the  rate  of  seeding  increased. 

For  the  four  years  including  1927  the  average  acre  yield  of  flax 
alone  was  13.6  bushels  and  that  of  wheat  alone  27.6  bushels.  Where 
15  pounds  of  wheat  were  added  to  the  flax,  the  flax  yield  was  8.7  bushels, 
and  when  30  pounds  of  wheat  were  added  the  flax  yield  was  reduced 
to  5.7  bushels. 

I  Comparisons  in  1924  were  abandoned  because  of  uneven  stands. 
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Table  10. — Seasonal  {April  to  August)  rainfall  at  Fargo,  Dickinson,  and  Man- 
dan,  N.  Dak.,  for  the  5-year  period  192S-1927  compared  with  the  mean  seasonal 
rainfall  for  that  region 


Precipitation  (inches) 

Station  and  year 

April 

May 

1 
June     !      July 

i 

August 

Total 

Normal 

for  the 

locality  I 

Fargo:  2 

1923 

1.28 
4.01 
1.99 
.08 
2.53 

1.55 
1.03 
1.26 
.46 
2.10 

1.85 
1.68 
.94 
.13 
1.37 

1.85 
.68 
1.98 
1.93 
3.63 

1.46 
1.12 
.89 
2.90 
5.67 

1.18 
.41 
1.18 
2.41 
6.65 

6.73 
4.37 
5.62 
2.09 
4.28 

4.49 
3.26 
4.31 
1.92 
2.12 

1.94 
5.56 
7.34 
1.20 
2.00 

2.34 
1.25 
4.35 
2.92 
1.01 

4.67 
2.69 
1.29 
1.16 
2.93 

4.12 
2.07 
.33 
2.19 
2.37 

2.83 
2.99 
.25 
1.83 
2.02 

.82 
.77 
1.30 
1.66 
1.29 

1.15 
2.35 
1.31 
1.31 
3.  16 

15.03 
13.30 
14.19 
8.85 
13.47 

12.99 
8.87 
9.05 
8.00 

14.11 

10.24 
12.07 
11.10 
7.24 
15.55 

1924._ 

1925 

\        15. 48 

1926__ 

1927 

Dickinson: 
1923 

1924 

1925 

11.06 

1926 

1927 

Mandan: 
1923 

1924 

1925 

1926-. 

1927-. 

11.40 

1  Available  Weather  Bureau  records  up  to  and  including  1923. 

2  Observations  recorded  at  Moorhead,  Minn. 

Table  11. — Annual  and  average  acre  yields,  relative  yields,  air-dry  weight  of  weeds, 
and  gross  acre  incomes  from  five  mixtures  of  flax  and  wheat  and  from  flax  and 
wheat  grown  separately,  at  Fargo,  N.  Dak.,  for  the  four  years,  1923  and  1925-1927  ^ 


Acre  yield 


Crop  and  rate  of 

seeding  per  acre 

(pounds) 


1923 


1925 


1920 


Average 


19272 


1923, 
1925, 
1926 


1923 
and 
1925- 
1927 


Relative 
yield 


Average  gross  income  per 
acre 


Acre 
weight 

of 
weeds  ^ 


Card  price 


1923, 
1925 


1923 
and 
1925- 
1927 


Farm 
price  » 


Flax  20... 
Wheat  15. 


Flax  20. 
Wheat  c 


Flax  28.. 

Wheat  15 


Flax  28 

Wheat  30 


Flax  28... 
Wheat  45. 


Flax  alone  28 . .  _ 
Wheat  alone  75. 


10.9 
5.9 


11.5 
10.8 


3.0 
19.0 


18.5 
22.0 


Bush. 
5.4 
3.4 

3.4 
5.0 

5.8 
3.0 

4.2 
3.0 

3.0 
2.8 

7.3 
5.9 


Bush. 


7.0 
9.7 


6.1 
16.6 


6.7 
10.7 


4.8 
19.3 


3.3 
23.0 


10.2 
34.0 


7.6 
30.0 


18.3 
48.3 


Bush. 

7.1 
8.0 

4.8 
12.8 

8.0 

8.2 

5.1 
13.0 

3.1 
14.9 

12.0 
20.6 


8.7 
11.0 


5.7 
17.3 


13.6 
27.6 


Per  ctnt 

\         98 

\  102 
[  104 
\        105 


100 
100 


pounds 

867 


918 


Dollars    Dollars 
24.  33 


884 


1,045 
783 


26.60 
25.81 

23.73 

25.68 
24.21 


30.31 
31.16 


27.81 
3L44 


Dollars 
23. 81 

24.44 

25. 91 

25.29 

23.29 

24.96 
23.28 


1  Stands  in  1924  were  injured  by  frost  and  weeds  and  were  otherwise  so  uneven  as  not  to  be  comparable, 
hence  the  test  was  not  completed.  Conditions  in  1925,  brought  about  by  excessive  June  rains,  were  partic- 
ularly harmful  to  wheat,  hence  the  low  average  wheat  yields  that  year. 

2  Only  two  mixtures  were  grown  in  1927. 

3  Average  for  1925  and  1926;  very  few  weeds  in  1927. 

<  Calculated  on  the  basis  of  local  card  price  on  Dec.  1  each  year  for  No.  1  dark  northern  spring  wheat  and 
No.  1  flax.  ^  V,     1,  1 

5  Based  on  the  average  (1923-1926)  yield  and  the  5-year  (1923-1927)  average  farm  price  01  $2.08  per  bushel 
for  flax  and  $1.13  per  bushel  for  wheat  on  Dec.  1  in  North  Dakota. 
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The  relative  yields  of  the  mixtures  as  compared  with  the  yields  of 
flax  alone  and  wheat  alone  varied  from  98  to  105  per  cent,  not  a  con- 
sistent and  hardly  a  significant  increase.  The  highest  relative  yields 
were  obtained  where  flax  was  seeded  at  28  pounds  and  15  or  30  pounds 
of  wheat  were  added. 

The  factor  of  weeds  generally  was  less  as  the  quantity  of  wheat 
in  the  mixture  was  increased.  Wheat  tended  to  reduce  the  weed 
growth,  and  it  also  reduced  the  flax  stand.  According  to  an  average 
of  determinations  made  in  1925  and  1926,  in  the  plot  of  wheat  grown 
alone  the  air-dry  weight  of  weeds  per  acre  was  783  pounds,  and 
where  flax  was  grown  alone  the  air-dry  weight  of  the  weeds  was 
1,045  pounds.  The  quantity  of  weeds  in  the  mixtures  varied  from 
696  to  918  pounds  per  acre.  The  weeds  were  not  weighed  in  1923. 
Observations  in  that  year,  however,  indicated  that  weed  growth 
was  less  as  the  quantity  of  wheat  was  increased.  In  1927  as  the 
result  of  having  a  good  seed  bed  and  favorable  growing  conditions 
for  the  crop  there  were  very  few  weeds  in  all  plots. 

Stand  counts  showed  a  wide  variation  from  year  to  year  in  the 
number  of  plants  produced,  although  the  seeding  had  been  at  the 
same  rate.  Plant  counts  were  made  just  preceding  maturity. 
These  data  are  given  in  Table  12.  In  1926  the  average  number  of 
flax  plants  per  acre,  where  flax  was  seeded  alone,  was  876,000;  in  1923 
there  were  1,994,000.  The  condition  of  the  seed  bed  and  seasonal 
conditions  are  of  great  importance  in  determining  the  thickness  of 
the  stand  which  will  result  from  any  reasonable  rate  of  seeding. 

Table  12. — Anniual  and  average  numbers  oj  flax  and  wheat  plants  and  of  wheat 
heads  per  plant  in  the  flax-wheat  mixture  trials  at  Fargo,  N.  Dak.,  1923-1927 
{excluding  1924) 


Number  of  flax  plants 
(thousands  per  acre) 

Number  of  wheat  plants 
(thousands  i)er  acre) 

Average  number 

of  wheat  heads 

per  plant  i 

Crop    and   rate    of 
seeding   per   acre 
(pounds) 

1923 

1926 

1926 

1927 

Average 

1923 

1925 

• 
1926 

1927 

Average 

1923 

1925 

1926 

Aver- 

1923, 
1925, 
1926 

1923 
and 
1925- 
1927 

1923, 
1925, 
1926 

1923 
and 
1925- 
1927 

age, 
1923, 
1925, 
1926 

*^20|wheat3O... 

(Wheat  15... 

Flax  28  Wheat  30... 

Wheat  45... 

Flax  alone  28 

082 

895 

1,527 
1,278 
1,133 

1,994 

1,029 
824 

1,304 
1,418 
1,251 

1,733 

744 
384 

726 
628 
545 

876 

1,089 
1,065 

1,433 

918 
701 

1,186 

1,108 

976 

1,634 

1,162 
1,097 

1,509 

162 
313 

169 

478 
609 

110 
202 

113 
194 
237 

130 

:« 

136 
260 
367 

208 
334 

134 
220 

139 
311 
404 

157 
317 

3.58 
3.22 

3.29 
2.86 
2.18 

2.26 
1.95 

2.30 
1.45 
1.16 

2.42 
3.12 

2.92 
2.10 
2.18 

2.75 
2.76 

2.84 
2.14 
1.84 

Wheat  alone  75 

867 

588 

992 

653 

816 

776 

2.07 

1.27 

1.40 

1.68 

Head  counts  not  made  in  1927. 


Adding  wheat  to  the  flax  reduced  the  number  of  flax  plants  which 
developed  and  matured  in  about  the  ratio  that  the  wheat  was  added. 

The  number  of  wheat  plants  per  acre  in  a  mixture  with  flax,  aver- 
aged 134,000  where  15  pounds  of  wheat  were  seeded  and  404,000 
where  45  pounds  of  wheat  were  seeded.  The  number  was  816,000 
where  wheat  was  seeded  alone  at  75  pounds.     The  average  number 
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of  wheat  heads  produced  per  plant,  however,  was  higher  where  the 
wheat  was  seeded  at  the  lower  rate  and  lowest  where  wheat  was 
seeded  alone  at  the  higher  rate. 

The  average  gross  income  per  acre  during  the  three  years  ended 
in  1926,  based  on  local  card  prices  for  No.  1  grade  of  grain,  as  given 
in  Table  13,  was  $25.68  from  flax  and  $24.21  from  wheat.  (See 
Table  11.)  The  acre  income  from  the  mixtures  varied  from  $23.73 
to  $26.60.  For  the  four  years  the  average  gross  acre  income  from 
flax  alone  was  $27.81,  and  that  from  wheat  alone  was  $31.44; 
from  flax  at  the  regular  rate  with  15  pounds  of  wheat  added  it  was 
$30.31 ;  and  from  the  mixture,  when  30  pounds  of  wheat  were  added, 
it  was  $31.16. 

Table  13. — Annual  local  card  prices  for  flax   and  wheat  at  Fargo,   Dickinson, 
and  Mandan  and  average  North  Dakota  farm  prices  on  December  1,  1923-1927 


Year 

Fargo 

Dickinson 

Mandan 

State  average 
farm  price 

Flax 

Wheat 

Flax 

Wheat 

Flax 

Wheat 

Flax 

Whent 

1923 

$2.19 
2.38 
2.29 
1.94 
1.87 

$0.97 
1.35 
1.49 
1.25 
1.10 

$2.10 
2.30 
2.21 
1.85 
1.80 

$0.93 
1.28 
1.50 
1.21 
1.04 

$2.13 
2.33 
2.24 

1.88 
1.83 

$0.96 
1.31 
1.63 
1.24 
1.07 

$2.12 
2.27 
2.26 
1.93 

1.85 

$0.86 

1924 

1.26 

1925              

1.31 

1926 

1.17 

1927 

1.04 

Average 

2.13 

1.23 

2.05 

1.19 

2.08 

1.22 

2.08 

1.13 

RESULTS  AT  DICKINSON  * 

Comparisons  during  fi.YQ  years  at  Dickinson  are  presented  in  Table 
14.  Flax  was  seeded  at  the  rate  of  15  and  25  pounds  and  wheat 
at  10,  20,  and  30  pounds  per  acre  in  the  mixture.  Climatic  conditions 
during  the  years  1923  to  1925  and  1927  were  fairly  good,  though  a 
late  summer  drought  injured  stands  in  1925.  In  1926  drought  se- 
riously affected  all  yields.  iChe  5-year  average  acre  yield  of  flax  alone 
was  7.8  bushels  and  of  wheat  alone  17.7  bushels.  In  the  mixtures, 
the  yield  of  flax  decreased  as  the  proportion  of  wheat  was  increased. 
On  the  basis  of  relative  yields,  the  yields  of  the  mixed  crop  varied 
from  98  to  107  per  cent  of  the  flax  or  wheat  seeded  alone.  Relative 
jdelds  in  1927  were  particularly  favorable  to  the  mixed  crop  because 
of  low  yields  of  flax  when  seeded  alone  and  the  high  yields  of  wheat 
in  the  mixture.  Previous  to  1927  the  relative  yields  for  the  mixed 
crop  had  varied  from  90  to  100  per  cent. 

The  average  gross  acre  income  based  on  card  prices  from  wheat 
alone  was  $21.26  and  from  flax  alone  $16.28.  The  gross  acre  income 
from  the  mixtures  varied  from  $17.80  to  $19.82. 


*  The  experiments  at  Dickinson,  N.  Dak.,  were  conducted  under  a  cooperative  agreement  between  the 
North  Dakota  Agricultural  Experiment  Station  and  the  Office  of  Cereal  Crops  and  Diseases,  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture,  and  were  under  the  direction  of  Ralph  W.  Smith, 
associate  agronomist,  Office  of  Cereal  Crops  and  Diseases. 
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Table  14. — Annual  and  average  acre  yields,  relative  yields,  and  gross  acre  incomes 
from  six  mixtures  of  flax  and  wheat  and  from  flax  and  wheat  grown  separately ^ 
at  Dickinson,  N.  Dak.,  for  the  5-year  period  1923-1927 


Crop    and    rate    of 
seeding    per    acre 
(pounds) 

Acre  yields 

Relative 
yield 

Average  gross  acre 
income 

1923 

1924 

1925 

1926 

1927 

Average 

Card 

price" 

Farm 
price* 

Flax  15 

Bushels 
8.9 
3.9 

8.7 
6.9 

6.9 
10.2 

10.0 
3.4 

6.8 
4.9 

8.1 
10.3 

11.6 
17.3 

Bushels 
6.7 
9.7 

4.9 
12.6 

3.8 
19.2 

7.7 
8.5 

6.2 
13.8 

4.3 
15.6 

11.4 
30.4 

Bushels 
4.9 
6.3 

3.1 
6.6 

3.6 
7.0 

4.8 
3.7 

4.7 
4.8 

3.4 
6.9 

6.4 
16.7 

Bushels 
3.2 
1.5 

1.8 
2.0 

1.1 
3.2 

1.9 
1.1 

1.5 
1.9 

1.7 
2.3 

5.6 
7.1 

Bushels 
1.5 
13.4 

1.5 
16.2 

.9 
17.2 

1.3 
12.4 

1.3 
14.6 

.6 
18.3 

3.8 
17.0 

Bushels 
4.8 
7.0 

4.0 
8.4 

3.1 
11.4 

6.1 
5.8 

4.1 
8.0 

3.6 
10.7 

7.8 
17.7 

Percent 
}         101 

}     «. 

}          104 

}      ^ 
}      - 

107 

100 
100 

Dollars 
18.50 

18.29 

19.82 

17.80 

18.19 

20.07 

16.28 
21.26 

Dollars 

Wheat  10 

17.89 

Flax  15.... 

Wheat  20 

17.81 

Flax  15.. 

Wheat  30 

19.33 

Flax  25 

Wheat  10 

17.16 

Flax  25 

Wheat  20.... 

17.57 

Flax  25... 

Wheat  30. 

19.58 

Flax  alone,  25 

Wheat  alone,  60 

16.22 
20.00 

>  Calculated  on  the  basis  of  local  card  price  on  Dec.  1  each  year  for  No.  1  dark  northern  spring  wheat  and 
No.  1  flax. 

» Based  on  the  average  yield  and  the  5-year  (1923-1927)  average  farm  price  of  $2.08  per  bushel  for  flax  and 
$1.13  per  bushel  for  wheat  on  Dec.  1  in  North  Dakota. 

RESULTS  AT  MANDAN  » 

The  flax-wheat  trial  at  Mandan  was  a  duplicate  of  the  trial  con- 
ducted at  Dickinson.  Comparisons  for  five  years  are  available,  and 
the  data  are  presented  in  Table  15.  During  the  years  of  the  test, 
however,  climatic  conditions  were  somewhat  less  favorable  at  Mandan 
than  at  Dickinson,  and  yields  were  not  quite  so  good.  Drought  at 
critical  periods  seriously  affected  all  yields.  The  average  acre  yield  of 
flax  alone  for  the  five  years  was  4.6  bushels  and  that  of  wheat  alone 
15.5  bushels.  The  flax  yield  in  all  years  was  low%  on  account  of 
unfavorable  crop  conditions.  The  acre  yields  of  flax  where  wheat  was 
added  averaged  from  1.1  to  2.8  bushels.  As  at  the  other  stations,  flax 
yields  were  reduced  as  the  proportion  of  wheat  was  increased  in  the 
mixture.  The  relative  yield  of  the  mixtures  averaged  from  93  to  110 
per  cent,  being  particulariy  high  in  1927  because  of  low  yields  of  flax 
(even  where  the  flax  was  seeded  alone)  and  comparatively  high  wheat 
yields  in  the  mixtures.  On  the  basis  of  gross  acre  income,  wheat  alone 
averaged  $19.31  and  flax  alone  (because  of  abnormally  low  yields)  only 
$9.89.  The  mixture  producing  the  highest  average  gross  acre  income 
($18.10)  was  flax  at  15  pounds  with  wheat  at  30  pounds. 

Mixtures  of  oats  and  flax  which  were  tried  at  Mandan  were  less  satis- 
factory than  the  flax-wheat  mixtures.  The  flax  and  oats  had  a  tendency 
to  separate  in  seeding,  at  least  when  small  quantities  of  seed  were  used. 
On  the  other  hand,  the  flax-oat  mixture  was  more  difficult  to  sep- 
arate by  means  of  the  fanning  mill  in  preparation  for  market. 
Views  of  one  flax-wheat  plot  and  one  flax-oat  plot  are  shown  in  Figure  5. 

•  The  experiments  at  Mandan,  N.  Dak.,  were  under  the  direction  of  J.  C.  Brinsmade.  jr..  a.<5si.stant  agrono- 
mist, Office  of  Cereal  (.'rojjs  and  Diseases,  and  were  conducted  by  that  office  at  the  Northern  Oreat  Plains 
Field  Station  in  cooiwation  with  the  Office  of  Dry-Land  Agriculture,  both  of  the  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture. 
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Table  15. — Annual  and  average  acre  yields,  relative  yields,  air-dry  weight  of  weeds, 
and  gross  acre  incomes  from  six  mixtures  of  flax  and  wheat,  two  mixtures  of  flax 
and  oats,  and  from  flax,  wheat,  and  oats  grown  separately,  at  Mandan,  N.  Dak., 
for  the  5-year  period  1923-1927 


Crop    and   rate    of 

Acre  yields 

Rela- 
tive 
yield 

Acre 
weight 

weeds 

Average  gross 
acre  income 

seeding    per   acre 
(pounds) 

1923 

1924 

1925 

1926 

1927 

Aver- 
age 

Card 
price  1 

Farm 
price  2 

Flax  15              .     --- 

Bushels 
3.5 
5.6 

2.1 

9.5 

1.6 
12.2 

4.4 

5.1 

3.2 

7.8 

2.4 

9.8 

5.2 

7.7 

3.7 

13.7 

7.0 
15.9 
31.0 

Bushels 
2.3 
10.3 

1.4 
15.7 

1.2 
18.4 

3.8 
9.2 

2.3 

15.7 

1.3 
17.9 

4.5 
15.1 

2.3 
25.2 

6.7 
25.3 
42.1 

Bushels 
3.2 
10.0 

2.1 
14.9 

1.5 
17.6 

3.2 
9.5 

2.5 
14.4 

1.7 
16.0 

3.2 
12.4 

2.9 
15.7 

5.5 
18.3 
29.7 

Bushels 
0.2 
1.4 

.1 
2.9 

.1 
2.9 

.3 
1.4 

.1 
2.5 

.1 
2.5 

.2 

.5 

.1 
.4 

.4 
4.9 
2.1 

Bushels 
1.9 
5.9 

1.4 
10.2 

1.1 
11.7 

2.4 
6.1 

1.8 
10.0 

1.3 
12.4 

3.2 
13.3 

Bushels 
2.2 
6.6 

1.4 
10.5 

1.1 
12.5 

2.8 
6.3 

2.0 
10.0 

1.4 

11.7 

3.3 

8.9 

2.3 
13.8 

4.6 
15.5 
26.2 

Per  cent 
\        93 

1        99 

1      106 

}      103 

}      110 

}      108 

}      107 

}      104 

100 
100 
100 

Pounds 

1,782 

1,159 
918 

1,357 

1,006 
996 

1,115 

928 

2,344 
557 
571 

Dollars 
13.20 

16.42 

18.10 

14.01 

17.01 

17.63 

9.89 
19.31 

Dollars 
12.04 

Wheat  10 

Flax  15               -  -.- 

14.78 

Wheat  20 

Flax  15                --  -- 

16.42 

Wheat  30 

Flax  25 

12.94 

Wheat  10 

Flax  25    

15.46 

Wheat  20   

Flax  25    

16.13 

Wheat  30 

Flax  20      

9.71 

Oats  8 

9.20 

Oats  16 

Flax  alone  25 

Wheat  alone  60 

Oats  alone  48 

9.57 
17.52 
8.38 

1  Calculated  on  the  basis  of  local  card  price  on  Dec.  1  each  year  for  No,  1  dark  northern  spring  wheat  and 
No.  1  flax. 

2  Based  on  the  average  yield  and  the  5-year  (1923-1927)  average  farm  price  of  $2.08  per  bushel  for  flax, 
$1.13  per  bushel  for  wheat,  and  $0.32  per  bushel  for  oats  on  Dec.  1  in  North  Dakota. 

The  effect  of  wheat,  with  its  heavier  foliage,  in  checking  weed 
growth  is  shown  very  strikingly  in  the  comparison  of  air-dry  weeds 
per  acre.  During  the  five  years  the  average  quantity  of  weeds  where 
flax  was  seeded  alone  was  2,344  pounds,  or  more  than  a  ton  of  weeds 
per  acre.  Where  wheat  was  seeded  alone  only  557  pounds  per  acre 
was  produced.  In  the  different  mixtures  the  weeds  varied  from  1,782 
pounds  per  acre,  where  the  least  quantity  of  wheat  and  the  least 
quantity  of  flax  were  seeded,  down  to  less  than  1,000  pounds  of  weeds 
where  the  standard  rate  of  flax  was  seeded  and  to  which  30  pounds  of 
wheat  had  been  added.  The  amount  of  weed  growth  usually  de- 
creased as  the  quantity  of  wheat  sown  with  the  flax  was  increased. 
Russian  thistle  made  up  the  bulk  of  the  weed  growth,  both  numer- 
ically and  in  dry  weight.  The  other  weeds  usually  present  included 
two  or  three  species  of  amaranthus,  witch  grass,  and  lamb's-quarters. 
These  weeds,  however,  were  not  numerous. 

As  a  complete  record  was  made  of  the  numbers  and  weights  of 
weeds  in  the  flax-cereal  mixtures  at  Mandan,  it  seems  desirable  to 
report  the  results  in  some  detail.  Table  16  shows  the  numbers  of 
weeds,  flax,  wheat,  and  oat  plants  in  thousands  per  acre  in  each  of  the 
crops  grown  alone  and  in  the  mixtures.  The  numbers  are  based  upon 
counts  made  in  three  representative  square-yard  areas  in  each  of  the 
triplicated  plots,  a  total  of  nine  such  areas  from  each  crop  or  mixture 
each  year.     During  the  course  of  the  experiments  a  total  of  468  square- 
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yard  areas  was  harvested,  and  the  different  groups  of  plants  (Rus- 
sian thistle,  other  weeds,  flax,  and  cereal)  were  counted,  air-dried, 


FiouRB  5.— A.  Mixture  of  flax  seeded  at  25  pounds  with  Marquis  wheat  at  10  pounds  per  acre:  B, 
mixture  of  flax  seeded  at  20  pounds  with  Victory  oats  at  8  pounds  per  acre.  Northern  Great 
Plains  Field  Station,  Mandau,  N.  Dak.,  July  14, 1923 

and  weighed.     The  annual  and  average  weights  in  pounds  per  acre 
of  all  weeds,  flax,  wheat,  and  oat  plants  are  given  in  Table  17.     These 
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weights  include  the  grain  or  seed  and  the  few  roots  that  were  pulled 
with  the  plants.  A  view  of  the  dried  weeds  and  flax  from  two  such 
square-yard  areas  is  shown  in  Figure  6. 


Figure  6— Bundles  of  Russian  thistles  (a),  of  other  weeds  (b),  and  of  flax  (c),  pulled  from  duplicate 
square-yard  areas  (A  and  B)  in  the  flax  seeded  alone  at  25  pounds  per  acre,  at  Mandan,  N  Dak 
m  1925.    The  average  dry  weight  of  Russian  thistle  was  2,255  pounds  per  acre,  and  the  acre  yield 
of  flax  was  5.5  bushels 

Table  16. — Annual  and  average  numbers  of  plants  per  acre  of  weeds  and  of  flax*- 
wheat,  and  oats  in  the  flax-cereal  mixtures  and  of  flax,  wheat,  and  oats  grown 
separately  at  Mandan,  N.  Dak.,  1923-1927 

[In  thousands— i.  e.,  000  omitted] 

NUMBER  OF  WEEDS 


Crop  and  rate  of  seeding  per  acre  (pounds)  of— 

Year 

Flax  15  and 

Flax  25  and 

Flax  20  and 

Flax 

alone 

25 

Wheat 

alone 

60 

Oats 

Wheat 
10 

Wheat 
20 

Wheat 
30 

Wheat 
10 

Wheat 
20 

Wheat 
30 

Oats 

8 

Oats 
16 

alone 

48 

1923 

709 

549 

285 

1,185 

2,640 

653 

464 

250 

1,490 

2,189 

538 

440 

136 

1,137 

2,033 

759 

456 

164 

1,192 

1,774 

489 

385 

157 

1,121 

1,720 

374 

383 

133 

1,187 

1,721 

559 

321 

315 

1,360 

451 

265 

186 

1,379 

551 

632 

296 

1,031 

2,485 

268 
288 
153 
678 
1,945 

1924 

217 

1925 

148 
1,224 

1926 

1927 

1,074 

1,009 

857 

869 

774 

760 

639 

570 

999 

666 

48a 

NUMBER  OF  FLAX  PLANTS 

1923 

947 
830 
618 
467 
244 

852 
867 
681 
482 
171 

869 
841 
562 
416 
224 

1,353 

1,270 

898 

848 

444 

1,407 

1,348 

891 

821 

309 

1,297 

1,272 

1,045 

705 

328 

1,571 

1,388 

886 

633 

1,389 

1,158 

1,056 

460 

1,728 
1,209 

1924 .- 

1925 - 

1,063 
876 
362 

1926 

1927 .. 



Average 

621 

611 

582 

963 

955 

929 

1,120 

1,016 

1,048 

NUMBER  OF  WHEAT  OR  OAT  PLANTS 

1923 

115 
159 
114 
137 
115 

251 

288 
275 
282 
254 

353 

361 
383 
372 
319 

118 
110 
149 
136 
118 

235 
281 
278 
297 
248 

292 
373 
434 
433 
361 

89 
92 
122 
113 

176 
136 
213 

185 

819 
650 
599 
803 
481 

428 

1924 - 

488 

1925                -       .       .  . 

796 

1926 

564 

1927 

Average 

128 

270 

358 

126 

268 

377 

104 

178 

670 

569 
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Table  17. — Annual  and  average  weights  in  pounds  per  acre  of  air-dry  weeds  and 
of  flax  J  wheat,  and  oat  plants  in  the  flax-cereal  mixtures  and  of  flax,  wheat,  and 
oats  grown  separaiely  at  Mandan,  ^.  Dak.,  1923-1927 

[In  thousands— i.  e.,  000  omitted] 

WEIGHT  OF  WEEDS 


Crop  and  rate  of  seeding  per  acre  (pounc'.s)  of— 

Year 

Flax  15  and 

Flax  26  and 

Flax  20  and 

Flax 

alone 

26 

Wheat 

alone 

60 

Oats 

Wheat 
10 

Wheat 
20 

Wheat 
30 

Wheat 
10 

Wheat 
20 

Wheat 
30 

Oats 

8 

Oats 
16 

alone 
48 

1923 

1,570 

564 

963 

2,729 

3,093 

966 

209 

763 

2,221 

1,636 

715 

147 

464 

1,896 

1,380 

1,298 

495 

808 

2,057 

2,126 

788 

240 

769 

2,040 

1,191 

704 
176 
517 
1,760 
923 

900 

469 

1,006 

2,033 

644 

259 

806 

2,005 

1,493 
1,218 
2,266 
2,709 
4,044 

253 

61 
633 
994 
846 

421 

1924               

118 

1928 

320 

1926 

1,426 

1927            

Average 

1,782 

1,169 

918 

1,357 

1,006 

816 

1,100 

928 

2,344 

657 

571 

WEIGHT  OF  FLAX  PLANTS 


1923 

866 
786 
1,134 
233 
422 

612 
631 
632 
163 
200 

456 
381 
525 
126 
227 

951 

1,131 

1,197 

323 

648 

709 
686 
801 
207 
331 

683 
645 
685 
137 
269 

1,266 

1,144 

1,168 

229 

931 

794 

1,096 

142 

1,837 

1,706 

2,036 

498 

909 

1924 

1925        

1926 

1927 

Average 

688 

428 

343 

860 

647 

464 

962 

741 

1,397 

WEIGHT  OF  WHEAT  OR  OAT  PLANTS 


1923 - 

902 
2,071 
1,786 

323 
2,028 

1,462 
2,686 
2,541 
636 
3,414 

1,554 
2,772 
2,522 
656 
3,991 

776 
1,307 
1,734 

329 
1,952 

1,106 
2,080 
2,432 
605 
3,337 

1,342 
2,709 
2,517 
621 
3,726 

465 
1,159 
1,266 

236 

996 
1,652 
1,749 

311 

2,274 
3,620 
3,199 
1,216 
•4,207 

2,139 

1924 

3,078 

1926 

2,903 

1926 

644 

1927         

1"  ■"" 

Average 

1,422 

2,148 

2,299 

1,220 

1,912 

2,183 

779  !   1-  152 

i  2.903 

2,191 

In  1924,  the  year  of  most  favorable  seasonal  rainfall  at  Mandan 
(Table  10),  the  weights  of  weeds  were  lower  than  in  any  other  year. 
In  1926,  the  driest  season,  the  weight  of  weeds,  chiefly  Russian 
thistle,  was  greater  than  in  any  other  year  except  1927. 

In  1927  the  wheat  and  flax  were  damaged  somewhat  by  hail  on 
June  19,  and  this  check  in  the  growth  of  these  crops  allowed  the 
thistles  to  make  an  unusually  heavy  growth.  The  weed  growth  was 
favored  also  by  abundant  soil  moisture,  due  to  the  heavy  rainfall 
in  May. 

RESULTS  AT  WILLISTON  ^ 

In  1923  flax-wheat  trials  were  conducted  under  irrigation  at 
Willis  ton.  Flax  seeded  at  28  pounds  with  45  pounds  of  wheat  added 
yielded  3.5  bushels  of  flax  and  10  bushels  of  wheat.  Flax  seeded  alone 
at  28  pounds  yielded  7.1  bushels,  and  wheat  sown  alone  at  90  pounds 
yielded  15  bushels.  Observations  made  indicated  that  w^heat  in  the 
flax  aided  in  checking  the  weeds.  The  relative  yield  of  grain  produced 
was  16  per  cent  higher  in  the  mixture  than  in  the  plots  seeded  sep- 
arately. 

RESULTS  OF  COOPERATIVE  TRIALS  WITH  FARMERS 

During  four  years  46  field  trials  were  conducted  in  cooperation 
with  a  number  of  farmers.  All  but  10  of  these  (4  in  1924  and  6  in 
2925)  were  conducted  in  the  eastern  one-third  of  the  State.  In  these 
trials  the  flax-wheat  mixture,  seeded  at  the  regular  rate  of  28  pounds 
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of  flax  and  30  pounds  of  wheat,  was  checked  against  flax  seeded  alone 
and  wheat  seeded  alone,  these  being  seeded  at  the  regular  rate  on  the 
same  land  where  the  mixture  was  seeded  and  on  the  same  day.  The 
seed  was  furnished,  already  mixed,  by  the  experiment  station,  and  the 
crop  was  seeded  according  to  directions  furnished.  Yields  were 
determined  from  the  harvesting  of  several  quadrats  in  each  plot, 
which  material  was  shipped  to  the  experiment  station  for  threshing 
and  yield  determinations. 

Nine  of  these  cooperative  trials  were  conducted  in  1923,  17  in  1924, 
16  in  1925,  and  4  in  1926.  (Table  18.)  The  average  acre  yield  from 
the  mixture  in  the  four  years  was  4.11  bushels  of  flax  and  10.64 
bushels  of  wheat.  The  acre  yield  of  flax  alone  was  10.28  bushels  and 
that  of  wheat  alone  16.87  bushels.  On  the  basis  of  the  yield  of  flax 
and  wheat  alone,  the  mixture  produced  30  per  cent  more  the  first 
year,  1  per  cent  more  the  second  year,  4  per  cent  more  in  1925,  and  11 
per  cent  less  in  1926  than  the  separate  crops.  The  average  gross 
acre  income,  based  on  relative  December  1  farm  values  for  each  year, 
was  $21.20  for  the  mixture,  $21.81  for  flax  seeded  alone,  and  $19.79 
for  wheat  seeded  alone. 

Table  18. — Summary   of  annual  results   of  flax-wheat  field   trials  conducted  in 
cooperation  with  farmers  in  North  Dakota,  1923-1926 


Fields 

Acre  yields  (bushels) 

Rela- 
tive 
yield 

Gross  acre  income  i 

Year 

Mixture 

Flax 
alone 

Wheat 
alone 

Mix- 
ture 

Flax 
alone 

Wheat 

• 

Flax 

Wheat 

alone 

1923  ' 

Number 
9 
7 

16 
4 

Bushels 
4.34 
3.10 
4.32 
4.66 

Bushels 
8.32 

14.00 
9.21 

11.04 

Bushels 
7.14 
8.49 
10.93 
14.57 

Bushels 
12.02 
21.80 
14.22 
19.43 

Per  ct. 
130 
101 
104 
89 

Dollars 
16.36 
24.68 
21.83 
21.91 

Dollars 
15.14 
19.27 
24.70 
28.12 

Dollars 
10.34 

1924 

27.47 

1925 

18.63 

1926 

22.73 

Average  ^ 

4.11 

10.64 

10.28 

16.87 

106 

21.20 

21.81 

19.79 

1  Based  on  the  average  farm  price  each  year  on  Dec.  1  as  reported  by  the  United  States  Department  of 
Agriculture.    (Table  1.) 

2  Including  general  trial,  field  R,  experiment  station  farm. 

3  Not  weighted. 

DISCUSSION  OF  RESULTS  IN  NORTH  DAKOTA 

Averaging,  by  years,  the  results  of  aU  flax-wheat  trials  in  North 
Dakota,  both  at  experiment  stations  and  under  cooperation  with 
farmers  elsewhere,  wherein  flax  was  sown  at  the  regular  rate  and  to 
which  from  10  to  not  exceeding  30  pounds  of  wheat  were  added,  the 
following  figures  are  arrived  at  (Table  19):  In  17  trials  a  mixture  of 
flax  and  wheat  in  1923  produced  an  increase  of  15  per  cent  over  the 
flax  and  wheat  seeded  separately;  in  the  23  trials  in  1924  there  was  an 
increase  of  9  per  cent;  in  the  24  trials  in  1925  there  was  an  increase  of 
5  per  cent;  in  the  12  trials  in  1926  there  was  a  decrease  of  16  per 
cent;  and  in  the  8  trials  in  1927  there  was  an  increase  of  13  per  cent. 
The  mixed  crop  showed  unusually  high  relative  yields  in  1927  in 
western  North  Dakota,  due  largely  to  very  low  flax  yields  even  when 
flax  was  seeded  alone  and  to  relatively  high  yields  of  wheat  in  the 
mixture. 
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Table  19. — Average  acre  yields,  by  years,  of  all  fiax-wheat  trials  wherein  flax 
was  sown  at  the  regular  rate  and  to  which  from  10  to  not  exceeding  30  pounds  of 
wheat  were  added,  in  North  Dakota,  1923-1927 


Trials 

Acre  yield 

Rela- 
tive 
yield 

Qross  acre  income  > 

Year 

Mixture 

Flax 
alone* 

Wheat 
alone* 

Mix- 
ture 

Flax 
alone 

Wheat 

Flax 

Wheat 

alone 

1923        

Number 
17 
23 
24 
12 
8 

Bushels 
5.39 
3.40 
4.14 
2.99 
3.38 

Bushels 
8.46 

13.86 
8.69 
7.16 

15.38 

Bushels 
9.24 
8.64 
9.38 
8.06 
7.20 

Bushels 
14.81 
19.81 
14.35 
15.15 
23.44 

Per  cent 
115 
109 
105 
84 
113 

Dollars 
18.71 
25.18 
20.74 
14.15 
22.21 

Dollars 
19.59 
19.61 
21.20 
15.66 
13.25 

Dollars 
12.74 

1924 .-... 

24.96 

1928 

18.80 

1926 

17.73 

1927 

24.38 

AvArngA 

3.86 

10.71 

8.60 

17.61 

106 

20.21 

17.86 

19.72 

>  Based  on  the  average  North  Dakota  farm  price  on  Dec.  1  for  each  year. 
*  Properly  valued  where  more  than  one  mixture  was  grown. 

On  the  basis  of  the  average  acre  yield  during  these  five  years, 
flax  in  the  mixture  yielded  3.86  bushels,  wheat  10.71  bushels,  flax 
alone  8.50  bushels,  and  wheat  alone  17.51  bushels.  On  the  basis 
of  these  averages,  the  mixed  crop  showed  a  relative  gain  in  yield 
of  5  per  cent.  The  average  gross  acre  income  from  the  mixture  was 
greater  than  the  gross  acre  income  from  either  wheat  or  flax  seeded 
alone.  The  gross  acre  income  from  the  mixed  crop  was  $2.35  higher 
than  that  from  flax  and  49  cents  higher  than  that  from  wheat.  In 
other  words,  an  acre  of  the  mixed  crop  on  the  above  basis  produced 
$1.42  more  in  gross  income  per  acre  than  an  acre  half  of  which  was 
seeded  to  flax  and  half  to  wheat  separately. 

Consideration  must  be  given,  however,  to  the  higher  seed  costs 
when  the  mixture  is  seeded,  as  the  wheat  used  is  in  addition  to  the 
flax.  With  average  seed  prices,  the  cost  per  acre  for  seed  when 
the  mixture  is  sown  will  be  from  50  to  75  cents  more  than  for  flax 
alone  and  about  25  cents  more  than  for  wheat  alone. 


SUMMARY  OF  RESULTS  IN  NORTH  DAKOTA 

Results  from  flax-wheat  trials  conducted  during  the  years  1923 
to  1927  are  reported. 

April  to  July  rainfall  was  decidedly  below  normal  in  1926  at  Fargo, 
Dickinson,  and  Mandan.  Rainfall  was  below  normal  in  1925  at 
Dickinson  and  Mandan,  but  excessive  during  June  at  Fargo.  In 
1924  low  temperature  reduced  the  effect  of  drought.  Except  for 
short  periods  of  drought,  moisture  conditions  were  generally  favorable 
in  1927.     The  mean  temperature  in  1927  was  below  normal. 

Flax  seeded  alone  at  Fargo  averaged  12  bushels  per  acre  for  the 
three  years  1923,  1925,  and  1926,  and  13.6  for  the  four  years  1923 
and  1925-1927.  The  addition  of  wheat  reduced  the  flax  yields  in 
proportion  to  the  wheat  added,  and  the  wheat  yields  were  increased 
in  about  the  same  proportion.  Relative  yields  varied  from  98  to 
105  per  cent.  The  highest  relative  yield  was  obtained  where  flax 
was  seeded  at  the  regular  rate  and  15  or  30  pounds  of  wheat  were 
added.  Weeds  in  general  were  reduced  in  proportion  to  the  increased 
quantity  of  wheat  m  the  mixture. 
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Less  consistent  results  were  obtained  at  Dickinson,  and  relative 
yields  varied  from  98  to  107  per  cent.  Previous  to  1927  the  relative 
yields  were  unfavorable  to  the  mixture.  For  the  5-year  period  flax 
seeded  alone  averaged  7.8  bushels  and  wheat  alone  averaged  17.7 
bushels  per  acre.  In  the  mixture  the  yields  of  flax  decreased  some- 
what in  proportion  to  the  increased  yield  of  wheat. 

At  Mandan  drought  conditions  affected  yields  more  or  less  un- 
favorably in  all  years.  Flax  yields  were  reduced  more  than  wheat 
yields.  The  average  acre  yield  of  flax  alone  was  4.6  bushels  and  of 
wheat  alone  15.5  bushels.  In  the  mixtures  flax  yields  averaged  from 
1.1  to  2.8  bushels  per  acre.  As  at  the  other  stations,  flax  yields 
decreased  as  wheat  yields  increased.  Relative  yields  of  the  mixtures 
varied  from  93  to  110  per  cent,  the  yield  of  the  mixed  crop  being 
particularly  favorable  in  1927  because  of  low  yields  of  flax  even  when 
seeded  alone  and  favorable  wheat  yields  in  the  mixtures  with  flax. 

Wheat  aided  very  effectively  in  checkiug  weed  growth.  Where 
wheat  was  seeded  alone  557  pounds  (air-dry)  of  weeds  were  produced 
per  acre.  Where  flax  was  seeded  alone  2,344  pounds  of  weeds  were 
produced.  In  the  mixed  crop  weeds  varied  from  918  to  1,782  pounds, 
the  quantity  of  weeds  increasing  as  the  proportion  of  wheat  added 
decreased. 

Forty-six  field  trials  were  conducted  in  cooperation  with  farmers. 
The  average  acre  yield  of  flax  alone  during  these  four  years  was  10.28 
bushels  and  that  of  wheat  alone  16.87  bushels.  In  the  mixture  the 
flax  yield  averaged  4.11  and  wheat  10.64  bushels  per  acre.  As 
compared  with  yields  when  the  two  crops  were  seeded  separately, 
the  yield  of  the  mixed  crop  showed  a  small  increase. 

A  summary  of  the  84  comparable  experiments  conducted  during 
the  four  years  in  which  flax  was  seeded  at  the  regular  rate  of  seeding 
with  the  addition  of  10  to  30  pounds  of  wheat,  shows  an  average 
acre  yield  of  flax  in  the  mixtures  equal  to  3.86  bushels  and  of  wheat 
equal  to  10.71  bushels.  Flax  alone  averaged  8.50  bushels  and  wheat 
alone  17.51  bushels.  The  mixed  crop  showed  a  higher  relative  yield 
in  four  years  and  a  lower  relative  yield  in  one  year,  the  average 
increase  being  5  per  cent. 

Farmers  cooperating  in  carrying  out  flax-wheat  trials  have  not 
generally  felt  that  the  increase  in  yield  was  sufficient  to  allow  for 
the  extra  cost  of  seed  and  the  inconvenience  of  seeding  and  of 
separating  the  two  grains  after  threshing. 

EXPERIMENTS  IN  MONTANA 

By  Clyde  McKee,  Agronomist,  Montana  Agricultural  Experiment  Station 

Extensive  experiments  with  mixed  flax  and  wheat  have  been 
conducted  in  Montana  to  determine  the  adaptability  of  the  mixed 
crop  to  irrigated  and  dry  or  nonirrigated  land.  A  comprehensive 
report  of  the  results  of  flax-wheat  mixtures  under  irrigation  for  the 
four  years  1923-1926  has  been  published  by  the  Montana  station  (5). 

RESULTS  UNDER  IRRIGATION  AT  BOZEMAN 

Bozeman  is  located  in  the  Gallatin  Valley  at  an  altitude  of  about 
5,000  feet.  The  soil  is  a  fertile  clay  loam.  The  annual  precipitation 
is  about  18.7  inches.  Only  one  irrigation  was  given  the  mixed  crops 
each  year.  N.  D.  R.  No.  52  flax  and  Marquis  wheat  were  the  vari- 
eties grown.     The  mixed  crops  ripened  quite  uniformly  each  year. 
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ANNUAL    AND    AVERAGE    YIELDS    AND    INCOMES 

Table  20  shows  the  annual  and  average  acre  yields  in  bushels  and 
the  relative  yields  from  the  mixed  crops  grown  under  irrigation 
at  Bozeman  during  the  5-year  period  1923-1927.  Comparatively 
high  yields  of  flax  alone  and  of  wheat  alone  were  obtained  every 
year.  Somewhat  irregular  yields  of  some  of  the  mixtures  are  shown 
m  1923  and  in  1927.  The  high  acre  yields  of  flax  alone  and  of  wheat 
alone  in  1927  (28.6  bushels  of  flax  and  52.5  bushels  of  wheat)  rep- 
resent a  relative  yield  higher  than  those  of  most  of  the  mixtures 
that  year.  Mixtures  of  flax  and  wheat  seeded  at  the  rates  of  42 
and  30,  14  and  45,  42  and  45,  28  and  60,  and  14  and  30  pounds  per 
acre,  respectively,  produced  yields  ranging  from  15  to  21  per  cent 
over  those  of  either  flax  or  wheat  alone. 


Table  20. — Annual  and  average  acre  yields  and  relative  yields  from  flax-wheat 
mixtures  grown  under  irrigation  at  Bozeman^  Mont.f  during  the  d-year  period 
1923-1927 


Acre  yield 

Crop  and  rate  of  seeding 
per  acre  (pounds) 

1923 

1924 

1925 

1926 

1927 

Average 

Relative 

yield 
1924-1927 

1923-1927 

1924-1927 

Flax  14 

Bushels 

Bushels 

9.1 

42.7 

6.1 
46.0 

4.6 
49.5 

3.1 
32.0 

9.6 
24.3 

9.5 
3L3 

6.2 
34.0 

5.3 
33.3 

12.3 
29.3 

9.1 
36.3 

6.1 
34.8 

3.8 
3L0 

18.9 
4L3 

Bushels 
8.2 
29.3 

6.1 
4L9 

3.2 
38.7 

2.3 
36.1 

9.6 
16.6 

7.1 
26.3 

6.0 
28.9 

4.3 
33.0 

10.7 
18.5 

8.6 
26.3 

6.3 
27.3 

6.7 
26.0 

19.3 
33.7 

BusheU 
6.4 
19.7 

5.0 
22.3 

3.6 
33.3 

2.9 
36.3 

12.9 
21.0 

8.9 
37.3 

6.4 
30.0 

5.0 
36.0 

15.0 
19.0 

11.1 
22.3 

10.4 
24.3 

6.7 
26.0 

25.9 
33.7 

Bushels 

8.4 
26.1 

7.1 
32.9 

6.3 
39.2 

8.6 
24.9 

8.1 
27.5 

5.4 
36.0 

4.9 
41.7 

3.6 
46.9 

12.2 
26.2 

9.4 
44.1 

6.7 
64.8 

3.1 

38.5 

28.6 
62.5 

Bushels 

BusheU 
8.0 
29.6 

6.1 
35.8 

4.4 
40.2 

4.2 
32.3 

10.0 
22.4 

7.7 
32.5 

6.4 
33.7 

4.6 
37.3 

12.6 
23.3 

9.5 
32.3 

7.1 
36.3 

4.6 
30.1 

23.2 
40.3 

Percent 
}           108 

}           115 

Wheat  16 

Flax  14 

2.3 
49.9 

6.3 
38.6 

Wheat  30- 

Flax  14 

}           119 

Wheat  45 

Flax  14 

.9 
5L7 

6.6 
36.2 

}             98 

Wheat  60 

Flax  28 

1             99 

Wheat  15 

Flax  28- 

3.9 
35.1 

7.0 
33.0 

}            114 

Wheat  30 

Flax  28. 

}            107 

Wheat  45 

Flax  28. 

.9 
46.5 

3.8 
39.1 

}           117 

Wheat  60 

Flax  42 

Wheat  15 

^           112 

Flax  42 

6.6 
27.7 

8.9 
3L3 

\           121 

Wheat  30 

Flax  42 

1            118 

Wheat  45  . 

Flax  42 '. 

2.6 
33.1 

26.1 
48.6 

4.2 
30.7 

23.6 
42.0 

}             94 

Wheat  60—- 

Flax  alone  28 

100 

Wheat  alone  90    .. 

100 

The  gross  income  per  acre  (calculated  by  multiplying  the  acre 
yield  by  the  farm  price  on  December  1  of  each  year)  furnishes  a 
practical  basis  of  determining  the  value  of  mixed  cropping  of  flax  and 
wheat.  Table  21  presents  the  annual  and  average  gross  incomes  per 
acre,  based  on  the  annual  yields  given  in  Table  20  and  the  December 
1  fann  price  of  flax  and  spring  wheat  in  Montana,  as  shown  in  Table  1 . 
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Table  21. — Annual  and  average  gross  acre  incomes  from  flax-wheat  mixtures 
and  from  flax  and  from  wheat  alone,  grown  under  irrigation  at  Bozeman,  Mont.j 
during  the  5-year  period  1923-1927 


Crop  and  rate  of  seeding  per 
acre  (pounds) 


Gross  acre  value  by  years 


1923 


1924 


1925 


1927 


Average  gross  acre 
income,  1924-1927 


Sepa- 
rately 


Total 


Flax  14 

Dollars 

Wheat  15 

Flax  14 

4  44 

Wheat  30 

40.92 

Flax  14 

Wheat  45        

Flax  14     

1.74 

Wheat  60      

42.39 

Flax28      

Wheat  15 

Flax  28                  .  . 

7.53 

28.78 

Wheat  30 

Flax  28. _- 

Wheat  45 

Flax28  

1.74 
38.13 

Wheat  60           

Flax  42 

Wheat  15 

Flax  42 

12.74 
22.71 

Wheat  30 

Flax  42 

Wheat  45 

Flax  42 

5.02 

27.14 

48.44 
39.85 

Wheat  60 

Flax  alone  28 

Wheat  alone  90 

Dollars 
20.11 
52.95 

13.48 
57.04 

10.17 
61.38 

6.85 
39.68 


21.22 
30.13 


21.00 

38.81 


13.70 

42.16 


11.71 
41.29 


27.18 
36.33 


20.11 
45.01 


11.27 
43.15 


38.44 


41.77 
51.21 


Dollars 
18.04 
41.02 

13.42 
58.66 

7.04 
54.18 

5.06 
60.  54 

21.12 
23.24 

15.62 
35.42 

11.00 
40.46 


46.20 


23.54 
25.90 


18.70 
36.82 


13.86 
38.22 


12.54 
36.40 


42.46 
47.18 


Dollars 
11.84 
22.26 

9.25 
25.20 

6.66 
37.63 

5.37 
41.02 

23.87 
23.73 

16.47 
42.15 


33.90 


9.25 
40.68 


27.75 
21.47 


20.54 
25.20 


19.24 
27.46 


10  55 
28.25 


47.92 


Dollars 
14.70 
25.32 

12.43 
31.91 

11.03 
38.02 

15.05 
24.15 

14.18 
26.68 

9.45 
34.92 

8.68 
40.46 


45.49 


21.35 
25.41 


16.45 
42.78 


11.73 
63.16 


6.43 
27.35 


50.06 
50.93 


Dollars 
16.17 
35.39 

12.15 
43.20 

8.73 
47.80 

8.08 
38.85 

20.10 
25.95 

15.64 
37.83 

10.82 
39.24 

9.18 
43.42 

24.96 

27.28 


18.95 
37.45 


14.03 
40.60 


9.23 
35.11 


45.55 
46.85 


Dollars 
51.56 

55.35 

56.63 

46.93 

46.05 

53.47 

60.06 

52.60 

52.24 

56.40 

54.63 

44.34 

45.65 
46.85 


During  the  4-year  period  1924-1927,  the  average  gross  income  per 
acre  from  flax  alone  was  $45.55  as  compared  with  $46.85  from  wheat 
alone.  The  14  and  45  pound  mixture  of  flax  and  wheat  produced  an 
average  gross  return  of  $56.53  per  acre,  exceeding  that  from  flax 
alone  by  $10.98  and  that  from  wheat  alone  by  $9.68.  The  42  and  30 
and  14  and  30  pound  flax-wheat  mixtures  produced  during  the  four 
years  average  gross  incomes  of  $56.40  and  $55.35  per  acre,  respectively. 


EFFECT  OF  RATE  OF  SEEDING  UPON  GROSS  INCOMES 

A  careful  analysis  of  the  data  obtained  during  the  4-year  period 
1924-1927  emphasizes  the  importance  of  the  lighter  rates  of  seeding 
when  flax  and  wheat  are  combined.  Material  increases  in  the  rate 
of  seeding  of  wheat  in  the  mixtures  resulted  in  a  sharp  decrease  in  the 
yield  of  flax;  likewise,  an  increase  in  the  rate  of  seeding  of  flax  produced 
some  decrease  in  the  yield  of  wheat.  This  is  shown  graphically  in 
Figure  7.  ^ 

The  data  now  available  indicate  rather  definitely  that  under  con- 
ditions similar  to  those  existing  at  Bozeman,  it  is  not  advisable  to 
sow  mixtures  containing  less  than  30  or  more  than  45  pounds  of  wheat 
per  acre. 
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The  most  economical  gross  incomes  per  acre  have  been  obtained 
from  mixtures  of  14  and  30  and  of  14  and  45  pounds  of  flax  and  wheat, 
respectively.  However,  the  gross  incomes  from  the  42  and  30  and 
the  42  and  45  pound  mixtures  have  been  about  as  large. 

RESULTS  UNDER  DRY-LAND  CONDITIONS  AT  MOCCASIN 

Experiments  with  flax-wheat  mixtures  under  dry-land  conditions 
were  conducted  for  sLx  years  at  the  Judith  Basin  Branch  Station 
near  Moccasin   by   cooperative   agreement   between   the   Montana 


Figure  7.— Diagram  based  on  the  average  yields  under  irrigation  at  Bozeman,  Mont.,  for  the  4-year 
period  1924-1927,  showing  that  increasing  the  rate  of  seeding  of  wheat  in  the  flax-wheat  mixtures 
decreases  the  yield  of  flax  materially  and  that  increasing  the  rate  of  seeding  of  flax  has  less  effect 
on  the  yield  of  wheat 

Agricultural  Experiment  Station  and  the  Ofl5ce  of  Cereal  Crops 
and  Diseases,  Bureau  of  Plant  Industry,  United  States  Depart- 
ment of  Agriculture. 

The  mixed  crops  were  grown  regularly  on  fallow  land  under  con- 
ditions of  natural  rainfall.  The  soil  is  a  fertile  dark  loam,  over- 
lying a  gravelly  subsoil  more  or  less  cemented  by  deposits  of  lime. 
The  altitude  is  nearly  4,000  feet,  and  the  average  frost-free  period 
is  124  days.  The  seasonal  precipitation  (April  to  August,  inclusive) 
and  the  annual  precipitation  for  the  crop  year  ended  August  31 
are  given  in  Table  22. 

The  annual  and  average  acre  yields  of  four  mixtures  of  flax  and 
wheat  and  of  each  crop  grown  alone  are  shown  in  Table  23, 
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Table  22, — Monthly,  seasonal,  and  annual  rainfall  at  the  Judith  Basin  Branch 
Station,  Moccasin,  Mont.,  for  the  6-year  period  1923-1928 


Precipitation  (inches) 

Month 

1923 

1924 

1925 

1926 

1927 

1928 

Mean 
(1909- 
1927) 

April                       

0.48 
2.75 
5.30 
3.20 
2.68 

0.87 
1.25 
3.37 
1.39 
1.31 

1.72 

1.15 

4.07 

.62 

.88 

0.41 
1.91 
1.95 
3.37 
1.69 

1.17 
5.08 
2.47 
1.04 
1.74 

0.60 

.53 

3.86 

2.77 

.85 

1  29 

May 

2  45 

June 

3  19 

July 

1  77 

August 

1  66 

Total: 

Seasonal 

14.41 
20.33 

8.19 
12.09 

8.34 
12.81 

9.33 
13.32 

11.50 
17.29 

8.61 
13.12 

10  37 

Anuuali 

16  81 

1  Year  ended  Aug.  31. 

Table  23. — Annual  and  average  yields,  relative  yield,  and  gross  income  from  flax- 
wheat  mixtures  and  from  the  same  crops  grown  alone  at  the  Judith  Basin  Branch 
Station,  Moccasin,  Mont.,  during  the  6-year  period  1923-1928 


Crop  and  rate  of 

seeding  per  acre 

(pounds) 

Acre  yield 

Rela- 
tive 
yield 

Gross  acre 
income  > 

1923 

1924 

1925 

1926 

1927 

1928 

Aver- 
age 

Sepa- 
rately 

Total 

Flax  15 

Bushels 
7.5 
12.5 

5.6 
19.6 

8.8 
9.6 

Bushels 
3.2 
16.0 

2.7 
18.2 

3.8 
13.5 

Bushels 

1.4 

11.6 

L8 
15.3 

2.3 
10.0 

Bushels 
3.6 
15.8 

3.5 

17.4 

4.8 
13.8 

Bushels 
3.6 
11.6 

2.3 
13.7 

3.4 
9.9 

2.4 
11.8 

9.0 
17.5 

Bushels 
5.8 
15.0 

5.0 
17.1 

7.7 
14.4 

6.2 
15.4 

9.0 
28.3 

Bushels 
4.2 
13.7 

3.5 
16.9 

5.1 
11.9 

4.3 
13.6 

10.1 
23.7 

Percent 

}     n 

}      106 
}      101 

100 
100 

Dollars 
(    8.36 
1  15. 21 

f    6.96 
\  18.  76 

r  10. 15 
1  13.  21 

8.56 
15.10 

20.10 
26.31 

Dollars 
}    23.57 

}    25.72 

}    23.36 

Wheat  20--      

Flax  15 

Wheat  30 

Flax  25      

Wheat  20 

Flax  25 

}    23.66 

20.10 
26.31 

Wheat  30 

Flax  alone  25 

Wheat  alone  60 

12.5 
32.5 

10.3 
24.2 

8.3 

16.7 

11.4 
23.3 

1  Based  on  the  5-year  (1923-1927)  average  farm  price  on  Dec.  1  in  Montana. 

The  average  acre  yield  of  flax  alone  was  10.1  bushels  and  that  of 
wheat  alone  23.7  bushels.  The  15  and  30  pound  mixture  yielded 
3.5  bushels  of  flax  and  16.9  bushels  of  wheat  per  acre  and  gave  the 
highest  relative  yield  (106  per  cent  and  the  highest  gross  income 
($25.72)  of  any  of  the  mixtures.  Neither  flax  alone  nor  any  one  of 
the  mixtures  produced  a  gross  return  as  great  as  that  from  wheat 
alone.     (Fig.  8.)  ^ 

The  highest  yields  were  obtained  in  1923,  when  the  seasonal 
rainfall  was  about  3  inches  above  the  average.  Low  average  yields 
in  1925  were  due  largely  to  the  scant  rainfall  (0.52  inch)  in  July  of 
that  year.  In  1928,  on  the  other  hand,  the  favorable  rainfall  during 
June  and  July  produced  yields  of  the  mixed  crops  above  the  average, 
although  the  rainfall  in  April,  May,  and^August  was  much  below 
the  mean  for  those  months. 


EXPERIMENTS  IN  SOUTH  DAKOTA  « 

The  South  Dakota  Agricultural  Experiment  Station  has  conducted 
experiments  with  the  mixed  cropping  of  flax  and  wheat  at  Brookings 

» The  authors  are  much  indebted  to  the  South  Dakota  Agricultural  Experiment  Station  and  to  A.  N. 
Hume,  agronomist  at  that  station,  for  the  data  presented  in  Table  24.  The  results  for  1923  and  1924  have 
been  published  in  South  Dakota  Bulletin  213  (4). 
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during  the  5-year  period  1923-1927.  Flax  (N.  D.  R.  114)  seeded 
alone  at  28  pounds  per  acre  and  Marquis  wheat  seeded  alone  at 
75  pounds  per  acre  were  compared  with  a  mixture  seeded  at  the  rate 
of  14  pounds  of  fiax  and  38  pounds  of  wheat  per  acre.  Each  crop 
and  the  mixture  were  grown  in  a  single  Ko-acre  plot  each  year.  The 
annual  and  average  yields  are  shown  in  Table  24. 

The  5-year  (1923-1927)  average  acre  yield  was  12.6  bushels  for  flax 
alone  and  13  bushels  for  wheat  alone.  The  mixture  averaged  4.1 
bushels  of  flax  and  11.7  bushels  of  wheat.  This  is  a  relative  yield 
of  122  as  compared  with  100  for  flax  and  wheat  grown  alone. 


FiQUBS  8. — A  plot  of  mixed  llax  aud  wheat  (ij  uud  oO  pounds)   (left)    and  flax  alone  (right)  at 

Moccasin,  Mout.,  1924 

Table  24. — Annual  and  average  yields,  relative  yield,  and  gross  income  from  a 
mixture  of  flax  and  wheat,  from  flax  alone,  and  from  wheat  alone  at  the  South 
Dakota  Agricultural  Experiment  Station,  Brookings,  during  the  5-year  period 
1923-1927 


Crop  and  rate  of  seeding  per  acre 

Acre  jrields  i 

Relative 
yield 

Gross 

1923 

1924 

1925 

1926 

1927 

Average 

acre  in- 
come ' 

Mixed  crop: 

Flax,  14  pounds 

Bushels 

•      2.6 
4.8 
7.0 
5.0 

Bushels 
6.9 
15.5 
15.9 
19.3 

Bushels 
3.5 
15.5 
16.3 
16.0 

Bushels 
4.3 
11.0 
14.1 
12.8 

Bushels 
3.2 

11.5 
9.6 

11.9 

Bushels 
4.1 
11.7 
12.6 
13.0 

Per  cent 

}        122 

100 
100 

DoUars 

Wheat,  38  pounds 

21.55 

Flax  alone,  28  pounds 

25  96 

Wheat  alone,  75  pounds. 

14.56 

'  Yields  are  from  one  plot  one-tenth  acre  in  size  of  each  crop  alone  and  of  the  mixture  each  year. 
*  Based  on  the  average  yield  at  the  5-year  (1923-1927)  average  farm  i)riee  on  Dec.  1  of  206  cents  per  bushel 
for  flax  and  112  cents  for  wheat  (Table  1). 

In  gross  income  per  acre,  flax  grown  alone  returned  $25.96  per 
acre,  the  mixed  crop  $21.55,  and  the  wheat  alone  $14.56  on  the 
basis  of  the  average  yield  and  5-year  average  farm  price  in  South 
Dakota  on  December  1.  Stem  rust  was  a  factor  in  reducing  the 
yield  of  wheat  in  some  years. 


EXPERIMENTS  IN  WISCONSIN  ' 

The  Wisconsin  Agricultural  Experiment  Station  has  carried  on 
experiments  with  mixed  cropping  of  flax  with  wheat,  oats,  and  barley 

T  The  authors  are  much  indebted  to  the  Wisconsin  Agricultural  Experiment  Station  and  to  A.  H.  Wright, 
associate  agronomist  of  that  station,  for  the  data  shown  in  Table  25  and  for  a  summary  and  discussion  oftbe 
value  of  mixed  cropping  in  Wisconsin. 
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at  Madison,  Wis.,  during  the  5-year  period  1923-1927  and  also  in 
cooperation  with  farmers  in  several  localities  in  the  State.  Table 
25  presents  the  annual  and  average  acre  yields,  average  relative 
yields,  and  average  gross  incomes  per  acre  from  flax,  wheat,  oats, 
and  barley,  and  from  one  mixture  of  flax  with  each  of  these  cereals 
at  Madison  during  the  5-year  period  1923-1927.  Each  crop  of 
mixture  was  grown  in  duplicate  plots  of  one-twentieth  acre.  The 
varieties  grown  were  Chippewa  flax.  Marquis  wheat,  Pedigreed 
No.  1  oats,  and  Oderbrucker  barley. 

Table  25. — Annual  and  average  acre  yields,  relative  yields,  and  gross  incomes 
from  mixtures  of  flax  with  wheat,  with  oats,  and  with  barley,  and  from  each  of 
these  crops  grown  alone  at  the  Wisconsin  Agricultural  Experiment  Station,  Madi- 
son, Wis.,  during  the  5 -year  period  1923-1927 


Crop  and  rate  of  seed- 

Acre yield 

Rela- 
tive 
yield 

Gross  acre 
income  i 

ing  per  acre  (pounds) 

1923 

1924 

1295 

1926 

1927    '  Average 

Sepa- 
rately 

Total 

Flax  28 

Bushels 
7.3 
9.3 
6.7 
28.5 
5  4 
20.1 
13.2 
18.5 
64.8 
33.3 

Bushels 

5.8 

18.3 

3.8 

36.3 

3.9 

39.0 

16.4 

28.0 

42.3 

43.6 

Bushels 

9.7 
15.7 

8.5 
52.0 

5.5 
44.8 
20.7 
28.8 
70.0 
57.9 

Bushels 
5.9 
15.9 
12.4 
26.5 
8.1 
26.5 
19.5 
18.5 
55.8 
43.3 

Bushels '  Bushels 
9. 5             7  6 

Per  cent 
}        109 

}        106 

\        103 

^        100 
100 
100 
100 

Dollars 

/     15.96 

I     16.46 

f     16.59 

\     15.22 

/     12.60 

\    20.22 

37.38 

24.93 

24.73 

29.39 

Dollars 
}      32. 42 

}      31. 81 

Wheat  35 

8.6 

8.0 
33.6 

6.9 
16.3 
19.2 

9.2 
54.4 
34.8 

13.6 
7.9 
35.4 
6.0 
29.3 
17.8 
20.6 
57.5 
42.6 

Flax  28          

Oats  35 

Flax  28      

}      32.82 

Barley  48 

Flax  alone  42 

37  38 

Wheat  alone  90 

24  93 

Oats  alone  80 

24  73 

Barley  alone  96 . . 

29.  39 

1  Based  on  the  5-year  (1923-1927)  average  farm  price  in  Wisconsin  on  Dec.  1,  as  follows:  Flax  $2.10,  wheat 
$1.21,  oats  43  cents,  and  barley  69  cents  per  bushel. 

The  5-year  average  acre  yield  of  flax  grown  alone  was  17.8  bushels, 
that  of  wheat  20.6  bushels,  that  of  oats  57.5  bushels,  and  that  of  barley 
42 .6  bushels.  The  average  acre  yield  of  flax  in  mixture  with  wheat  was 
7.6  bushels,  with  oats  7.9  bushels,  and  with  barley  6  bushels.  In 
relative  yield  the  flax-wheat  mixture  was  109  per  cent  flax  and  oats 
106  per  cent,  and  flax  and  barley  103  per  cent. 

On  the  basis  of  results  obtained  in  cooperation  with  farmers  and 
from  the  data  presented  in  Table  25,  Professor  Wright  makes  the 
following  comments : 

It  appears  that  the  tendency  is  toward  higher  yields  from  mixtures  of  flax  and 
small  grains  than  from  the  crops  grown  alone,  although  the  increase  is  hardly 
significant.  The  results  indicate  that  mixtures  of  flax  and  small  grains  may  be 
expected  to  yield  as  well  as  the  crops  grown  alone,  but  little  or  no  increase  of 
consequence  should  be  expected.  The  experimental  results  indicate  that  flax 
can  be  grown  equally  as  well  with  oats  or  with  barley  as  with  wheat.  In  farm 
practice  in  Wisconsin  the  only  mixture  which  has  attracted  any  considerable 
attention  is  the  flax-wheat  mixture.  This  is  grown  to  some  extent  in  Pierce 
County.  In  Jefferson  and  Waukesha  Counties  the  flax-oats  mixture  is  grown  to 
some  extent.  Although  the  experiments  were  made  in  all  the  important  grain- 
producing  sections  of  the  State,  farmers  generally  have  not  become  interested  in 
mixtures  of  flax  and  small  grains.  On  the  other  hand  there  is  much  interest 
shown  in  mixtures  of  such  small  grains  as  wheat  and  oats  and  oats  and  barley. 

EXPERIMENTS  IN  OHIO  » 

The  Ohio  Agricultural  Experiment  Station  has  carried  on  experi- 
ments at  Wooster,  Ohio,  with  mixed  cropping  of  flax  with  Marquis 


8  The  authors  are  much  indebted  to  the  Ohio  Agricultural  Experiment  Station  and  to  L.  E.  Thatcher, 
associate  agronomist  at  the  Ohio  station,  for  the  data  shown  in  Table  26. 
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spring  wheat,  Fulghum  oats,  and  Oderbrucker  barley  during  the  five 
years  1923  to  1927,  inclusive. 

Three  mixtures  were  grown,  one  each  of  flax  with  wheat,  with  oats, 
and  with  barley.  Each  niLxture  was  seeded  at  the  rate  of  14  pounds  (1 
peck)  of  flax  with  1  bushel  of  the  grain.  For  comparison,  each  crop 
was  grown  alone,  the  grains  being  sown  at  2  bushels  per  acre  and  flax  at 
28  pounds.  After  the  experiments  had  been  conducted  for  three  years 
it  was  thought  that  flax  should  be  sown  at  a  heavier  rate  for  the  best 
results.  This  change  was  made  in  1926  when  flax  alone  was  sown  at 
42  pounds  per  acre  and  at  28  pounds  in  the  mixtures.  Two  additional 
mixtures  also  were  added  in  1926,  namely,  flax  at  28  pounds  and  at 
42  pounds  with  oats  at  1  bushel  per  acre  in  each  mixture.  Average 
yields  during  the  5-year  period  1923-1927  are  given  in  Table  26. 

Table  26. — Average  acre  yields  of  flax  and  cereal  mixtures,  percentage  of  each, 
and  relative  yield,  ai  the  (Mio  Agricultural  Experiment  Station,  Wooster,  Ohio, 
for  the  5-year  period  1923-1927 


Crop  and  rate  of  seeding  per 
acre  (pounds  of  flax,  bushels 

Acre  yield 

Percentage  of  each 
crop 

Acre  yield 

Relative 
yield 

of  grain) 

Grain 

Straw 

Flax 

Grain 

Flax 

Grain 

Flax  14,1  wheat  1  bushel 

Flax  14,  oats  1  bushel 

Pounds 
1,257 
1,620 
1,438 
1,394 
1,840 
898 
1,361 
2,072 
1,746 

Pounds 
2,513 
2,453 
1,870 
1,877 
2,425 
2,350 
2,677 
2,704 
2,365 

14 
11 
16 
23 
8 
100 

86 
89 
84 

77 
92 

Bushels 
3.1 
3.2 
4.1 
6.7 
2.6 
16.0 

Bushels 
18.0 
45.1 
37.7 
33.5 
30.2 

22."7' 

64.8 
31.2 

Per  cent 
99 
85 
84 
87 

Flax  28,  oats  1  bushel » 

Flax  42,  oats  1  bushel  ^ 

Flax  14,1  barley  1  bushel 

Flax  alone,  28»  pounds 

113 
100 

Wheat  alone,  2  bushels 

100 
100 
100 

100 

Oats  alone,  2  bushels 

100 

Barley  alone,  2  bushels. 

100 

I  28  pounds  in  1926  and  1927.        »  For  two  years  only,  1926  and  1927.         »  42  pounds  in  1926  and  1927. 

The  flax  alone  yielded  16  bushels  per  acre  as  an  average  for  the 
5-year  period.  Wheat  yielded  22.7  bushels,  oats  64.8  bushels,  and 
barley  31.2  bushels.  The  yield  of  flax  in  the  mixtures  was  3.1  bushels 
with  wheat,  2.6  bushels  with  barley,  and  3.2  bushels  with  oats.  In 
relative  yield  only  the  mixture  of  flax  with  barley  (113)  exceeded 
the  yields  of  the  crops  grown  alone,  each  of  the  crops  grown  alone 
being  represented  as  100,  and  this  was  due  largely  to  a  £gh  yield  of 
the  mixed  flax  and  barley  in  1927.  The  relative  yield  of  the  flax- 
wheat  mixture  was  99  and  of  the  one  flax-oat  mixture  85. 

SEPARATING  THE  MIXED  CROP 

In  Goodhue  County,  Minn.,  the  usual  practice  is  to  store  the  mixed 
grain  on  the  farm  and  separate  it  with  a  fanning  mill  before  mar- 
keting it.  Many  farmers  use  a  simple  homemade  separator  of  large 
capacity,  having  a  single  sieve  about  40  inches  wide  and  60  inches 
long,  agitated  by  an  eccentric  bearing  attached  to  a  crank  shaft. 
A  steel-wire  sieve  with  meshes  16  by  4  per  inch  is  satisfactory  in 
separating  the  small-seeded  flax  from  wheat.  A  sieve  14  by  4  may 
be  necessary  with  very  plump  flaxseed  or  where  a  large-seeded  variety 
is  grown. 

Where  the  flax- wheat  crop  is  grown  on  a  large  scale  it  often  is 
shipped  to  market  to  be  separated  before  being  offered  for  sale  on 
the  board  of  trade.  In  that  case  it  is  consigned  to  some  commission 
firm  having  storage  elevators  mth  grain-cleaning  machinery.    After 
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being  cleaned,  the  wheat,  flax,  and  screenings  are  sold  separately. 
This  is  the  way  Thomas  D.  Campbell,  of  Hardin,  Mont.,  handles 
the  mixed  crop  of  flax  and  winter  wheat  grown  by  him.  The  usual 
charge  for  separating  the  mixed  grain  is  2  cents  per  bushel. 

DISADVANTAGES  OF  THE  MIXED  CROP 

The  chief  disadvantages  of  mixed  cropping  are  as  follows  : 

(1)  The  somewhat  higher  cost  of  seed  because  of  the  heavier 
rate  of  seeding  usually  recommended.  In  the  mixed  crop  flax  usually 
is  sown  at  about  the  usual  rate  for  the  locality,  with  the  addition  of 
from  one-third  to  one-half  the  usual  quantity  of  wheat. 

(2)  The  labor  or  cost  of  separating  the  mixed  grain,  which  is 
estimated  at  about  2  cents  per  bushel  of  the  mixed  grain. 

(3)  The  lower  value  of  mixed  straw.  Where  there  is  a  market 
for  clear  flax  straw  for  the  manufacture  of  c*arse  fiber,  tow  for  uphol- 
stering or  insulating  material,  or  for  paper  making,  the  farmer  can 
obtain  an  additional  income  from  his  flax  crop  from  that  source, 
whereas  the  straw  from  the  mixed  crop  has  no  market  value.  The 
mixed  straw,  however,  has  some  value  as  feed  for  Hvestock  and  as 
bedding. 

DISCUSSION  AND  SUMMARY 

Flax  and  spring  wheat  are  important  cash  crops  in  Minnesota, 
the  Dakotas,  and  Montana.  The  results  of  the  experiments  reported 
in  this  bulletin  indicate  that  under  certain  climatic  conditions  these 
crops  can  be  grown  together  as  a  mixed  crop  to  advantage.  In 
order  to  compare  the  yields  of  the  several  mixed  crops  with  the 
yield  of  flax  and  of  wheat  or  other  cereal  grown  alone  under  similar 
conditions  in  the  same  experiment,  the  yields  are  reduced  to  a  per- 
centage or  relative  yield  basis,  as  explained  under  ''Computing  the 
yields"  (p.  5).  From  the  results  of  the  experiments  carried  on, 
this  summary  attempts  to  answer  the  questions  asked  in  the  in- 
troduction : 

(1)  Does  mixed  cropping  produce  an  increased  yield,  either  in 
total  grain  or  in  relative  yield,  as  compared  with  flax  and  cereals 
grown  in  pure  stands?  When  rainfall  and  other  weather  conditions 
are  favorable  a  somewhat  higher  relative  yield  per  acre  is  obtained 
from  the  mixed  crop  than  from  the  two  crops  grown  separately. 
Adequate  soil  moisture  during  the  entire  growing  season  appears 
to  favor  a  higher  relative  yield  of  the  mixed  crop  as  compared  with 
the  same  crops  grown  alone.  This  is  indicated  by  the  generally 
favorable  yields  of  the  mixed  crop  as  grown  under  the  more  humid 
conditions  of  Minnesota  and  under  irrigation  at  Bozeman,  Mont. 

In  Minnesota  five  flax- wheat  mixtures  yielded  from  4  to  8.9  per 
cent  higher  in  relative  yield  than  flax  alone  seeded  at  42  pounds  per 
acre  as  an  average  for  the  three  years  (1924-1926)  in  nine  locations. 
At  Fargo,  N.  Dak.,  three  mixtures  of  flax  and  wheat  returned  relative 
yields  of  102  to  105  per  cent,  while  two  mixtures  produced  relative 
yields  of  98  per  cent.  These  results  indicate  that  there  was  little 
or  no  advantage  in  mixed  cropping  from  the  standpoint  of  yield  at 
that  station.  At  Bozeman,  Mont.,  flax-wheat  mixtures  grown  under 
irrigation  have  generally  produced  higher  relative  yields  than  flax  and 
wheat  grown  alone.  As  an  average  for  four  years  (1924-1927)  nine 
mixtures  produced  relative  yields  of  107  to  121  per  cent,  as  compared 
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with  yields  of  flax  and  wheat  alone  considered  as  100  per  cent,  while 
three  mixtures  yielded  slightly  less  than  100  per  cent.  Under  dry- 
land conditions,  as  represented  by  the  results  at  Mandan  and  Dick- 
inson, N.  Dak.,  and  Moccasin,  Mont.,  mixed  cropping  has  not  shown 
any  appreciable  advantage  from  the  standpoint  of  acre  yields  over 
the  same  crops  grown  alone.  The  results  indicate  that  the  yields 
from  the  mixed  crops  are  about  the  same  under  droughty  conditions 
as  yields  from  the  crops  grown  separately. 

(2)  What  effect  does  the  rate  of  seeding  have  on  the  yield,  quaUty, 
and  proportion  of  each  crop  in  the  mixture?  In  general,  the  per- 
centage of  flax  in  the 
harvested  crop  is  less  ^^^ 
than  that  in  the  mix- 
ture sown,  whereas  the 
percentage  of  wheat 
or  oats  harvested  is 
greater  than  that 
soA^Ti.  In  Minnesota 
the  six  flax-wheat  mix- 
tures having  from 38.4 
to  73.7  per  cent  of  flax 
in  the  seed  sown  pro- 
duced on  the  average 
from  28.5  to  59.9  per 
cent  of  flax  in  the 
harvested  crop,  or 
from  9.4  to  14.4  per 
cent  less  flax  than 
in  the  mixture  sown. 
The  flax-oat  mixtures 
showed  a  greater  de- 
crease, ranging  from 
21.9  to  29.7  per  cent. 
(Fig.  9.) 

At  Bozeman,  Mont., 
12  mixtures  of  flax 
and  wheat,  in  which 
the  percentage  of  flax 
varied  from  19  to  74 
per  cent  of  the  mixed  seed,  produced  from  10  to  34  per  cent  of  flax 
m  the  harvested  crops,  a  reduction  of  9  to  40  per  cent  in  the  pro- 
portion of  flax  as  compared  with  that  sown.  This  is  shown  graphi- 
cally in  Figure  10.  The  same  efi'ect,  a  smaller  proportion  of  flax  in  the 
harvested  crop  as  compared  with  that  sown,  is  shown  in  the  results  at 
Fargo,  Mandan,  and  Dickinson,  N.  Dak.,  and  at  Moccasin,  Mont. 

The  quaUty  of  the  flax  and  wheat  in  the  mixed  crop,  as  deter- 
mined by  bushel  weight  and  by  weight  of  1,000  seeds,  was  equal 
to  or  better  than  that  of  the  crops  grown  separately.  In  many 
instances  the  bushel  weight  of  wheat  was  greater  in  the  mixed  crop 
than  in  the  crop  grown  separately.  In  some  cases  the  diflerence 
was  sufficient  to  make  a  difl'erence  of  one  market  grade.  In  Minne- 
sota the  weight  per  1 ,000  kernels  of  the  wheat  and  oats  in  the  mixed 
crops  averaged  somewhat  heavier  than  in  the  crops  grown  alone. 
There  was  only  a  slight  difference  in  the  weight  of  1,000  flax  seeds. 


o  2(?  -f^  ^^  so 

Figure  9.— Percentage  of  flax,  wheat,  and  oats  sown  and  the  average 
percentage  harvested  in  six  mixtures  of  flax  and  wheat  for  the 
3-year  period  1924-1926  and  four  mixtures  of  flax  and  oats  for  the 
years  1925  and  1926  in  eight  counties  in  Minnesota 
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(3)  Does  the  mixed  crop  produce  a  greater  acre  income  than  flax 
or  grain  grown  alone?  The  acre  return  depends  largely  on  the  rela- 
tive market  price  of  the  crops  grown.  In  Minnesota,  flax  grown 
alone  has  produced  a  higher  acre  return  than  either  wheat  or  oats 
during  the  years  covered  by  these  experiments.  On  the  basis  of 
the  average  farm  price  on  December  1  for  the  5-year  period  1923 
to  1927,  flax  sown  at  42  pounds  per  acre  returned  a  gross  acre  value 
of  $30.70  and  flax  sown  at  28  pounds  per  acre  returned  $28.30.  Spring 
wheat  returned  $23.80  and  oats  $19.10  per  acre.  The  gross  acre 
value  of  the  flax-wheat  mixed  crops  ranged  from  $28.30  to  $30.40. 
The  flax-oat  mixed  crops  returned  from  $23.60  to  $26.30. 

At  Bozeman,  Mont.,  the  gross  acre  values  of  the  mixed  crops 
generally  were  greater  than    those  of   wheat  or  flax  grown  alone. 

This  was  due  to  the  rel- 
atively higher  yields 
of  the  mixed  crops. 
Only  1  of  the  12  dif- 
ferent mixtures  grown 
produced  an  acre  re- 
turn less  than  that  pro- 
duced from  wheat  or 
flax  grown  separately. 
At  Fargo,  N.  Dak., 
the  gross  acre  values 
of  the  mixed  crops 
ranged  from  $23.73  to 
$26.60,  as  compared 
with  $24.21  for  wheat 
grown  alone  and 
$25.68  for  flax  grown 
alone,  on  the  basis  of 
the  local  market  price 
on  December  1  for 
each  of  the  four  years, 
1923  to  1926,  inclu- 
sive. On  the  basis  of 
the  acre  values,  there 
was  little  or  no  advantage  in  growing  the  mixed  crops  at  Fargo. 

In  the  drier  area,  as  represented  by  Mandan  and  Dickinson, 
N.  Dak.,  and  Moccasin,  Mont.,  wheat  generally  made  an  acre  return 
greater  than  that  of  flax  alone  or  of  any  of  the  flax- wheat  mixtures. 

(4)  Does  the  mixed  crop  check  the  growth  of  weeds  as  compared 
with  their  growth  in  flax  grown  in  pure  stands?  The  control  of 
weeds  is  probably  the  chief  advantage  of  the  mixed  crop.  This 
method  makes  it  possible  to  grow  flax  on  land  which  is  too  weedy 
for  flax  alone. 

The  mixture  of  spring  wheat,  at  about  one-third  the  usual  rate  of 
seeding  wheat,  will  check  the  growth  of  many  of  the  common  weeds, 
such  as  green  and  yellow  foxtail,  lamb's-quarters,  amaranthus, 
and  Russian  thistle.  Some  of  the  perennial  weeds,  however,  such 
as  quack  grass,  sow  thistle,  Canada  thistle,  and  wild  oats  are  not 
controlled  by  mixed  cropping.  The  reduced  growth  of  Russian 
thistle  in  the  mixed  crop  as  compared  with  its  growth  in  flax  grown 
alone  was  very  marked,  as  is  shown  by  the  results  at  Mandan. 


^C?  ^^  ff0  so  /0O 
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-Percentage  of  flax  and  of  wheat  sown  and  the  average 
percentage  harvested  in  12  mixtures  of  flax  and  wheat  grown  under 
irrigation  for  the  4-year  period  1924-1927  at  Bozeman,  Mont. 


Figure  10. 


FLAX   CROPPING  WITH   WHEAT,  OATS,  AND  BARLEY  47 

(5)  Does  the  mixed  crop  help  control  plant  diseases  such  as  flax 
wilt  and  stem  rust  of  wheat?  Mixed  cropping  had  little  eflfect,  so  far 
as  could  be  observed,  on  the  prevalence  of  leaf  rust  or  stem  rust  of 
wheat.  In  some  cases  the  more  vigorous  growth  of  the  wheat  plants, 
due  to  the  thinner  stand,  produced  somewhat  heavier  and  plumper 
grain  in  the  mixed  crop  than  in  the  wheat  grown  alone.  Early  seeding, 
usually  practiced  with  the  mixed  crop,  probably  is  helpful  in  reducing 
the  loss  from  flax  wilt  where  common  or  unselected  flax  is  grown. 
Wilt-resistant  varieties  of  flax  were  used  in  the  experiments  reported, 
and  there  was  little  or  no  loss  from  wilt,  either  in  the  mixed  crops  or 
where  flax  was  grown  alone.  Early  seeding,  combined  with  the  shad- 
ing efi'ect  of  the  wheat  plants,  prevents  loss  -from  heat  canker,  which 
sometimes  causes  damage  in  late-seeded  flax.  Neither  heat  canker, 
flax  rust,  nor  pasmo  was  observed  to  do  any  injury  to  flax  in  the  ex- 
periments here  reported. 

The  greatest  advantage  of  mixed  cropping  is  observed  when  an 
epidemic  of  stem  rust  occurs,  as  in  1923  and  1927.  Under  such 
conditions  the  mixed  crop  is  a  partial  insurance  against  heavy  loss, 
because  the  flax  in  the  mixed  crop  is  not  damaged  and  should  yield  a 
moderate  return. 

(6)  What  effect  does  growing  the  crops  in  combination  have  on  the 
ease  of  handling  the  crop? 

The  mixed  crops  of  flax  and  wheat  and  flax  and  oats  are  more 
easily  handled  in  harvesting,  shocking,  and  threshing  than  flax  grown 
alone.  Flax  alone  often  is  difficult  to  harvest  and  thresh  because  of 
the  tendency  of  the  straw  to  wind  about  the  machinery  of  the  har- 
vester and  to  clog  the  screens  of  the  separator.  These  difficulties 
are  avoided  in  the  mixed  crops,  which  are  as  easily  handled  as  wheat 
or  oats. 
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INTRODUCTION 

The  experiments  here  reported  were  conducted  in  cooperation  with 
the  Kansas  Agricultural  Experiment  Station  at  Hays,  Kans.;  in  co- 
operation with  the  Office  of  Dry-Land  Agriculture,  Bureau  of  Plant 
Industry,  at  Garden  City,  Kans.,  Woodward  and  Lawton,  Okla., 
Dalhart  and  Big  Spring,  Tex.,  and  Tucumcari,  N.  Mex.;  and  in  co- 
operation with  the  Amarillo  Chamber  of  Commerce  at  Amarillo,  Tex. 
The  results  at  Chillicothe,  Tex.,  and  some  of  the  results  at  Hays  and 
Amarillo  were  compiled  from  the  results  of  experiments  conducted  by 
the  Office  of  Forage  Crops  and  Diseases  and  reported  in  United  States 
Department  of  Agriculture  Bulletin  No.  1260  {14)-^ 

>  The  following  men  conducted  the  experiments  here  summarized,  at  the  stations  indicated:  Hays» 
Kans.,  F.  A.  Kiene,  1912-1918;  A.  F. Swanson,  1919-1926;  and  R.  E.  Getty,  1914-1926.  Garden  City,  Kans., 
E.  H.  Coles.  Woodward,  Okla.,  J.  B.  Sieglinger.  Lawton,  Okla.,  W.  M.  Osborn.  Dalhart,  Tex.,  H.  J, 
Clemmer.  Amarillo,  Tex.,  B.  E.  Rothgeb.  Big  Spring,  Tex..  J.  E.  Mundell,  1918-1921;  F.  E.  Keating, 
1922-1926.  Chillicothe,  Tex.,  R.  W.  Edwards,  1913-1917;  A.  B.  Cron,  1918-1921.  Tucumcari,  N.  Mex., 
H.  G.  Smith.  1917;  H.  J.  Clemmer,  1918-1921;  D.  R.  Burnham,  1922-1926.  Acknowledgments  are  made 
to  B.  E.  Rothgeb  and  E.  F.  Chilcott  for  assistance  in  outlining  and  supervising  these  experiments. 

•Reference  Is  made  by  italic  numbers  in  parentheses  to  "  Literature  cited,"  p.  46. 
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Profitable  yields  of  grain  sorghum  depend  to  a  large  extent  upon 
good  cultural  methods.  Two  of  the  most  important  cultural  practices 
are  the  optimum  spacing  of  the  plants  and  the  seeding  at  proper  dates. 
The  best  cultural  methods  are  difficult  to  determine  locally  because 
of  the  extreme  irregularity  of  temperature  and  moisture  conditions  in 
the  southern  section  of  the  Great  Plains  area,  where  most  of  the  grain 
sorghums  are  grown.  The  varieties  of  grain  sorghum  differ  in  time  of 
maturity  and  in  tillering  ability.  Insects  cause  greater  damage  to 
some  seedings  than  to  others.  In  the  northern  portion  of  the  grain- 
sorghum  area  seeding  at  a  relatively  early  date  may  be  necessary,  in 
order  that  the  crop  may  have  time  to  mature.  Farther  south  there 
is  a  considerable  period  during  which  grain  sorghums  may  be  sown 
without  danger  of  killing  frosts  before  the  crop  is  mature. 

Cultural  experiments  with  grain  sorghums  in  the  southern  Great 
Plains  were  begun  in  1904  at  Channing,  Tex.  Definitely  planned  and 
coordinated  experiments  were  started  at  several  field  stations  a  few 


Figure  1.— Outline  map  of  the  United  States,  showing  the  distribution  of  the  grain-sorghum  acre- 
age in  ie2i 

years  later.  A  considerable  portion  of  the  results  of  these  experiments 
has  been  published  in  bulletins  presenting  results  from  individual 
stations,  and  most  of  the  results  obtained  before  1922  were  published 
previously  in  Department  Bulletin  1260  {IJf).  In  the  present  publi- 
cation the  data  obtained  previous  to  and  during  1926  are  summarised, 
and  the  factors  affecting  dates  of  seeding  and  distance  of  spacing 
grain-sorghum  varieties  are  discussed. 

LOCATION,  SOIL  AND  CLIMATIC  DATA,  ETC. 

The  experiments  reported  here  were  conducted  at  nine  field  sta- 
tions in  the  southern  section  of  the  Great  Plains  area,  in  the  western 
parts  of  Kansas,  Oklahoma,  and  Texas,  and  in  northeastern  New 
Mexico.  These  stations  are  located  in  the  midst  of  the  important 
grain-sorghum  producing  region  indicated  in  Figure  1.  The  average 
precipitation,  altitude,  and  frost-free  period  in  the  region  are  shown 
in  Figure  2. 
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FiOUKB  2.— Map  of  the  southern  Great  Plains,  showing  the  average  annual  precipi- 
tation, the  number  of  days  in  the  frcst-free  period,  and  the  altitude 
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The  soil  type,  altitude,  latitude,  longitude,  ''corresponding  date," 
and  frost-free  season  at  each  of  the  nine  field  stations  are  shown  in 
Table  1.  At  these  stations  there  is  a  range  in  soil  type  from  sandy 
loams  to  clay  loams,  in  altitude  from  1,111  to  4;158  feet,  and  an 
average  frost-free  period  from  161  to  222  days.  The  ''corresponding 
date"  was  calculated  according  to  Hopkins's  bioclimatic  law  (7), 
which  states  that  "other  things  being  equal,  the  variation  between 
two  or  more  geographical  positions  bears  the  same  proportion  to  the 
distance  between  them,  that  four  days  of  time  bears  to  1  degree  of 
latitude,  400  feet  of  altitude,  or  5  degrees  of  longitude."  Woodward, 
Okla.,  was  taken  as  the  base  in  determining  the  corresponding  dates 
at  the  other  stations.  The  calculations  show,  for  example,  that  the 
same  stage  of  plant  development  is  reached  about  15  days  earlier 
at  Lawton,  Okla.,  and  22  days  later  at  Dalhart,  Tex.,  than  at  Wood- 
ward. This,  however,  does  not  take  into  consideration  differences 
in  soil  type  or  any  factors  other  than  the  three  mentioned  in  the 
bioclimatic  law. 

Table  1. — Soil  type,  altitude,  location,  "corresponding  date,"  and  frost-free  period 
at  nine  experiment  stations  in  the  southern  Great  Plains  where  the  experiments 
with  grain  sorghums  were  conducted 


Station 

Soil  type 

Alti- 
tude 

Lati- 
tude 
(north) 

Longi- 
tude 
(west) 

Corre- 
sponding 
datei 

Average 
date  of 

last 
frost  in 
spring  2 

Average 
date  of 

first 
frost  in 

fall  2 

Average 
frost- 
free 

period  2 

Hays,  Kans 

Garden  City,  Kans. 
Woodward,  Okla.. 
Lawton,  Okla 

Dalhart,  Tex 

Amarillo,  Tex 

Big  Spring,  Tex 

Chillicothe,  Tex.... 
Tucumcari.N.Mex 

Silt  loam 

Feet 
2,000 
2,836 
2,002 
1,111 

3,978 
3,676 
2,400 
1,406 
4,158 

o       , 
38    52 
37    58 
36    26 

34  32 

36      4 

35  13 
32      9 

34  15 

35  11 

99    19 

100  54 
99    23 

98  24 

102  31 

101  49 
101    23 

99  23 

103  44 

June  12 
June  18 
June    1 
May  17 

June  23 
June  16 
May  22 
May  18 
June  20 

Apr.     8 
Apr.     3 

Apr.  23 
Apr.  14 
Mar.  31 
Mar.  28 
Apr.  21 

Oct.     8 
Oct.  11 
Oct.   25 
Oct.   31 

Oct.    17 
Oct.    25 
Nov.    1 
Nov.    5 
Oct.    24 

Days 
161 

Sandy  loam 

do 

Heavy  clay;  fine 
sandy  loam. 

Sandy  loam 

Clay  loam 

Fine  sandy  loam . 

Clay  loam 

Sandy  loam 

163 
200 
211 

177 
194 
215 
222 
186 

I  Date  corresponding  to  June  1  at  Woodward,  Okla.,  according  to  Hopkins's  bioclimatic  law  (7). 

*  Average  for  13  years,  1914  to  1926,  inclusive.  Data  from  OflSce  of  Biophysical  Investigations  where  avail- 
able; remainder  from  Weather  Bureau  records.  Data  for  Chillicothe,  Tex.,  taken  from  Weather  Bureau 
records  at  Quanah,  Tex.  Frost  dates  shown  are  for  days  on  which  the  minimum  temperatures  recorded 
were  32°  F.  or  less,  regardless  of  whether  vegetation  was  killed  or  not. 

The  monthly,  annual,  and  seasonal  records  of  precipitation  at  the 
nine  field  stations  during  the  approximate  period  of  the  grain-sor- 
ghum experiments  are  shown  in  Table  2.  Averages  for  longer  periods 
at  these  stations  also  are  shown.  The  average  precipitation  ranged 
from  less  than  18  inches  at  Tucumcari,  N.  Mex.,  to  more  than  30 
inches  at  Lawton,  Okla.  The  rainfall  shows  a  gradual  decrease  from 
east  to  west.  The  average  precipitation  during  the  period  of  the 
grain-sorghum  experiments  is  not  markedly  greater  or  less  than  the 
long-time  average  at  any  station.  The  results  obtained,  therefore, 
should  apply  to  average  conditions  at  these  stations.  Results  of 
many  of  the  individual  seasonal  conditions  at  these  stations  and 
their  effects  on  the  grain-sorghum  crops  produced  have  been  shown 
previously  by  others  {2,  3,  4,  9,  10,  11,  13,  14). 

The  wide  variation  in  the  monthly  precipitation  at  each  of  the 
stations  has  resulted  in  a  similar  fluctuation  in  yields.  Late  frosts 
in  the  spring  sometimes  injured  early-sown  grain  sorghums,  and  fre- 
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quently  the  late  seedings  were  killed  by  frost  before  the  crop  was 
mature. 

In  addition  to  the  results  from  stations  listed  in  Tables  1  and  2^ 
results  from  other  stations  are  referred  to  occasionally  in  the  dis- 
cussion of  the  various  experiments. 


Table  2.— Monthly,  annual,  and  seasonal  precipitation,  in  inches,  at  the  nine 
field  stations  in  the  southern  Great  Plains  where  sorghum  experiments  were  con- 
ducted for  the  years  during  which  these  experiments  were  in  progress,  with  aver- 
ages for  this  period  and  for  the  whole  period  covered  by  the  climatic  data 

[T.= trace]  • 


Station  and  year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An-     Sea- 
nual  sonal« 

Hays,  Kans: 

1912 

0.02 
.36 

1.98 
.68 

1.60 
.41 

1.66 
2.78 

2.70 

5.72 

4.32 

0.88   3..S2 

1.85 
4.80 

0.51 
.25 

1.13 
.72 

0.03 
3.11 

20.20  14.93 

1913 

3.53|     .63     .11 

23.10   17.57 

1914 

.04 

.42 

.15 

2.31 

2.36 

3.39;  2.77   2.63 

.60 

1.33 

T. 

.63 

16.63    14.06 

1915 

.68 

1.80 

1.74 

3.13 

6.82 

3.97   8.18^  4.11 

2.44 

.93 

.30 

.04 

34.14    28.65 

1916 

.53 

.15 

.31 

2.21 

1.63 

5.881     .30   1.97 

1.26 

1.14 

.02 

.61    16.01    13.25 

1917 

.11 

T. 

.07 

1.96 

1.72 

2.15.  1.46>  5.73 

1.84 

.09 

1.64 

.151  16.92    14.86 

1918 

.80 

1.15 

1.71 

2.49 

4.79 

.53;  3.04    1.76 

1.42 

2.41 

1.10 

2.38J  23.58    14.03 

1919 

T. 

2.18 

.33 

4.61 

6.85 

3.51;  1.16'     .77 

3.32 

1.81 

1.54 

.  15;  26. 13   20. 12 

1920 

.05 

.37 

.30 

2.04 

3.32 

1.871  1.89   5.11 

1.56 

3.58 

.73 

.461  2L28   15.79 

1921 

.40 

.10 

.49 

3.68 

2.59 

3.671  3.36i  3.04 

.68 

.05 

0 

.50 

18.46    16.92 

1922. 

T. 

.93 

1.71 

4.51 

2.61 

2.18   4.20     .81 

.43 

.32 

1.28 

T. 

18.98    14.74 

1923 

T. 
.31 
.05 

.10 
.26 
.24 

1.04 
1.81 
.38 

1.63 
1.05 
4.27 

3.97 
3.19 
1.01 

5.96:     .70   4.15 

.77    2.32    1.95 

4. 13;  6.  73   3.  33 

4.52 
1.03 
.99 

4.37 
.46 
.75 

.29 
.25 
1.12 

.37 
1. 11 

27.10   20.93 

1924 

14  .«il    in  31 

1925 

.02   23.02   20.46 

1926 

.36 

1.13 

1.75 

.81 

2.  Ifi 

2.55j  1.94     .83 

2.83 

.60 

1.12 

.371  16.46    11.12 

Average: 

1 

i          i 

1 

1912-1926 

.25 

.77 

.92 

2.60  3.43 

3.23   2.64!  2.65 

1.97 

1.24 

.75 

.  66    21. 10    16.  62 

1868-1926 

.51 

.83 

.99 

2. 32|  3. 30 

3.19'  3.25   2.95 

2.27 

1.44 

.77 

.  791  22.  62    17.  28 

Garden  City,  Kans.: 

~l=^i~ 

1921 

1.02 

.32 

T. 

2.63     .96 

5.81i  2.21    2.25 

2.46 

.20 

0 

.65 

18.51    16.32 

1922 

.24 

.19 

1.35 

3.  55l  3. 31 

.64;  2.05    2.49 

.07 

0 

.49 

T. 

14.38   IZll 

1923 

T. 

T. 

.41 

3.92   6.69 

6.88   4.52   3.86 

6.19 

3.10 

.33 

.29 

36.19   32.06 

1924 

T. 

.76 

1.73 

2.08!  1.06 

1.39    1.09    1.74 

1.73 

.59 

T. 

.55 

12.72     9.09 

1925 

T. 

.46 

.80 

2.54    2.06 

1.16!  1.30    1.81 

2.00 

.28 

1.01 

T. 

13.42    10.87 

1926 

.33;    .38 

1.09 

.91    2.35 

2.98;  2.05    2.56 

1.15 

0 

.73 

.32|  14.85    12.00 

Average: 
1921-1926 

.261    .35 

.90 

2.60 

2.74 

1 
3.14'  2.20   2.45 

2.27 

.69 

.43 

.30 

18.33    15.40 

1908-1926 

.30!    .85 

.85 

1.87 

2.36 

2.75j  2.4l|  2.41 

1.86 

1.05 

.72 

.61 

18.04    13.66 

Woodward,  Okla.: 

; 

1 

^^~~~~" 

1 

1914 

.18'    .51 

.34 

1.69   3.16 

.61    1.88   2.64 

.56 

1.96 

.06 

.77    14.36   10.64 

1915 

1.17   3.44 

1.45 

6. 53   5. 29 

2.43j  3.14   3.62 

5.74 

2.36 

.55 

.06  35.78   26.75 

1916 

1.50     .03 

.82 

1.78!  1.70 

10.26   0         1.02 

2.34 

1.71 

.75 

.60   22.51    17.10 

1917 

.20     .20 

.10 

1.58    1.03 

1.371  1.13   6.65 

2.72 

.05 

.67 

.01 

15.71    14.48 

1918 

1.60     .29 

2.09 

2.22  4.00 

1.91     .73   1.35 

1.24 

3.35 

1.53 

2.92 

23.23    11.45 

1919 

.06   1.53 

1.94 

4. 10   4. 29 

2.22   1.35   1.87 

.63 

1.85 

2.37 

T. 

22.21    14.46 

1920 

1.03     .07 
2. 22     .61 
1.02     .96 

.61 
1.33 
5.08 

1.06   3.40 
1.80   1.91 
2.97|  3.69 

1.29   4.69   3.00 

6.78    2.50   5.11 

.18    1.07    2.31 

5.01 
2.94 
2.83 

2.55 
.01 
.74 

J.  32 

1.15 

1.53 
.11 
0 

25.66    18.45 

1921 

24.32   20.04 

1922 

22.00    13.05 

1923 

T.   i    .06 

1.86 

2.32i  8.11 

4.20     .69     .39 

9.33 

11.99 

.89 

.84 

40.68   25.04 

1924 

.03     .81 

2.96 

3.14 

.78 

1.46;  3.07   3.40 

3.22 

2.29 

1.90 

1.48 

24.54    15.07 

1925 

.14'    .12 
.54'    .11 

.40 
1.89 

3.18 
1.70 

1.34 
2.23 

2.06    2.34     .79 
3.51,  6.18;  1.79 

2.44 
3.37 

.70 
6.09 

2.04 
1.09 

.46 
1.34 

16.01    12.15 

1926 

28.84    17.78 

Average: 
1914-1926 

.75|     .67 

1.61 

2.62 

3.15 

1          i 
2.87   2.141  2.61 

3.28 

2.74 

1.10 

.78 

24.29    16.64 

1895-1926 

.68|  1.03 

_idl 

2.30[  3.15'  3.00;  2.70,  2.79 

2.72 

2.06 

1.22 

.86 

23.68    16.66 

Lawton,  Okla.: 



III! 

^^^^^^^ 

^== 

^ 

^^^^^^^ 

1917 

.30!     .57 

1.74 

1. 28   4. 50   1.  Oil  3. 02;  2.  84 

.72 

.19 

1.08 

.03 

17.28    13.37 

1918 

.20!    .25 

2.16 

2.361  1.29!  3.081  2.57;  1.48 

4.18 

8.68 

1.20 

3.50 

30.95    14.96 

1919 

.54'  1.41 

2.99 

4.601  5.44 

4.36!  3.711  1.98 

1.67 

13.78 

2.25 

.92 

43.65   21.76 

1920 

1.04 
1.15 

i:SI 

1.84 
2.05 

3.141  7.53 
2.14    1.30 

.691  1.88   4.18 
5.93;  2.95'     .83 

2.05 
2.13 

8.78 
.03 

2.29 
T. 

.86 
.53 

34.89    19.47 

1921 

20.51    15.28 

1922 

.89 

4.37 

.20 

.46 

.70 

.  .11 

.97 
1.30 
2.47 

6.85    6.63 
3.  4Si  5  56 

1.01    3.40     .64 
1  PA    1  2.^    1  7Q 

1.61 

4.99 

.61 

2.46 
9.04 

.78 

1.04 

3.51 

.50 

.21;  26.17    20.14 

1923  . 

1.76!  40.43    19.75 

1924 

3. 881  3. 05i  3. 36;  1. 39   4.  \l 

.99 

21.49   16.44 

1925 

.95;    .82 
1.331  0 

T. 

5.781  2.00,    .65;  2.01   3.52 
2.22;  3.79:  1.20!  2.10    7.48 

7.73 

3.58 

1.83 

.11 

28.98   21.69 

1926 

1.67 

4.67 

3.78 

.22 

4.50 

32.96   21.46 

i          1          I 

Average: 
1917-1926 

1 

1.101     .64 

1.72 

3.67 

1          1          i 
4.  Ill  2.40   2.43   2.89 

3.04 

5.11 

1.39 

1.34 

29. 7i  18.44 

1870-1926' 

1.13    1.12 

1S9 

3.12J  4.92J  3.48'  2.95;  2.94 

3.22 

2.99 

1.71 

1.63 

30.80:  20.63 

>  April  to  September,  inclusive. 


Not  including  1908-1912,  inclusive. 
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Table  2. — Monthly,  annual,  and  seasonal  precipitation,  in  inches,  at  the  nine 
field  stations  in  the  southern  Great  Plains  where  sorghum  experiments  were  con- 
ducted for  the  years  during  which  these  experiments  were  in  progress,  with  averages 
for  this  period  and  for  the  whole  period  covered  by  the  climatic  data — Continued 


Station  and  year 

Jan. 

Feb 

Mar. 

Apr 

May 

June 

July 

Aug 

Sept. 

Oct. 

Nov. 

Dec. 

1 
An- 
nual 

Sea- 
sonal 

Dalhart,  Tex.: 

1 

1916 

!  0.44 

0 

0.12 

1.4S 

0.69 

4.1] 

2.55 

3.45 

0.72 

0.22!    0.03 

0.37 

14.19 

13.01 

1917 

1     .14 

.a 

.Gc 

.37 

2.7(: 

.9i 

1.64 

2.28 

1.28 

.3] 

1.02 

0 

10.79 

9.20 

1918. 

.27 

.05 

2.85 

.89 

4.87 

1.2c 

1.49 

1.67 

1.49 

1.  87|     , .  25 

1.74 

18.67 

11.64 

«  1919 .  . 

1     .09 
^     .86 

.96 
.43 

3.18 
.05 

3.48 
.32 

2.75 

3,25 

1.88 
6.81 

2.41 

2,56 

3.45 
1.33 

5.12 
.81 

2.60 
4.49 

1.14 
..^4 

T. 

.08 

26.96 
20.83 

19  09 

1920 

15.08 

1921 

1.80 

.08 

.15 

.76 

3.70 

5.82 

5.12 

.69 

.04 

.54!    0 

.26 

18.96 

16.  13 

1922 

.37 
0 

.67 
1.03 

.73 
1.72 

5.20 
4.09 

5.06 
1.78 

3.40 
6.05 

1.57 

.87 

1.88 
6,9? 

.52 
2.10 

.15 
6.29 

.36 
1.23 

.02 
1.32 

19.93 
33.40 

17  63 

1923. 

21.81 

1924 

.05 

.09 

1.61 

1.16 

2.44 

.69 

1.32 

5.00 

1.72 

1.01 

.24 

.03 

15.36 

12.33 

1925 

.07 
.19 

.34 
.01 

.54 
1.00 

1.12 

2.84 

3.36 
3.70 

1.93 
4.00 

4.09 
.68 

3.00 
1.32 

4.56 
2.05 

1.16 
.33 

.35 
.10 

.14 

.81 

20.66 
17.03 

18  06 

1926 

14.59 

Average: 

1 

I 

1 

1916-1926 

.34;     .3^ 

1.09 

1.97 

3.12!  3.35 

2.21 

2.  82j     1.  86 

1.72 

.46 

.ic 

19.71 

15.33 

1908-1926 

.23|     .40 

.76 

2.05 

3.03 

3.13 

2.35 

2.  40|     1.  50 

1.55 

.50 

.53 

18.43 

14.46 

Amarillo.  Tex.: 

1 



1913 

.ir   .55 

.59 

1.76 

1.41 

2.32 

1.80 

.61 

4.19 

.81 

1.98 

2.84 

18.97 

12.09 

1914 

.06     .10 

.15 

.95 

4.43 

.S4 

3.07 

2.97 

1.07 

4.46 

T. 

1.17 

19.27 

27.65 

13.33 

1915 

.72  i.m 

1.00 

5.05 

1.70 

1.04 

4.14 

5.85 

4.69 

1.55 

.18 

.12 

22.47 

1916 

.36     .02 

.57 

1.71 

.89 

2.18 

.94 

3.82 

1.76 

2.9C 

.40 

.88 

16.43 

11.30 

1917 

.69     .22 

.25 

.71 

2.49 

.83 

2.68 

6.17 

2.05 

.34 

.59 

.04 

17.06 

14.93 

1918. 

l.Ol!     .26 

1.06 

.48 

2.23 

1.43 

2.23 

2.36 

.64 

2.47 

1.16 

2.78 

18.11 

9.37 

1919.... 

T.   I     .73 

1.73 

2.56 

2.08 

2.94 

1.75 

3.21 

4.58 

.67 

1.26 

.50 

22.01 

17.12 

Average: 

1 

1913-1919 

.42!    .5C 

.76 

1.89 

2. 18i  1.  65 

2.37 

3.  57 

2.71 

1.8fl 

.8f 

l.K 

19.90 

14.37 

1892-1921 

.551     .82 

.59 

1.67 

2.97J  2.61 

2.99 

3.21 

2.23 

1.48 

1.00 

.87 

20.99 

15.68 

Big  Spring,  Tex.: 

i 

1915. 

.  45     .  15 

.83 

5.75 

.44i  1.58 

3.43 

3.26 

2.95 

1.  33 

0 

.67 

20.84 

17.41 

1916.. 

.13   0 

1.74 

2.12 

.I4I  1.59 

2.48 

4.31 

.87 

1.30 

1.01 

.IC 

15.79!  11.51 

1917 

.28^  0 
.60:    .73 

.03 
.09 

.97 
.10 

.61 
1.19 

.98 
3.53 

.73 
.16 

.17 
.24 

.79 
1.66 

0 
1.99 

■M 

0 
1.32 

4.68 
12.35 

4.25 

1918 

6.88 

1919 

.57     .06 
1.97     .20 

3.06 
.12 

1.45 
.08 

l:i 

8.28 
1.33 

.95 
.91 

3.60 
6.30 

7.43 
.69 

6.31 
1.95 

.78 
2.22 

.09 
.20 

34.01 
21.29 

23  14 

1920 

14.63 

1921.. 

.25!     .90 

1.15 

.11 

3.69 

2.77 

.45 

.85 

.71 

.23 

T. 

T. 

11.11 

8.58 

1922... 

.38;    .08 
.  29  3. 01 

1.73 
2.16 

12.77 

4.58 

2.36 
1.24 

2.89 
2.61 

.38 
1.68 

.22 
.98 

0 
1.53 

1.15 
5.31 

1.35 
1.18 

0 
1.69 

23.31 
26.26 

18.62 
12.62 

1923 

1924 

.03     .50 

.62 

.91 

3.62 

.05 

96 

2  03 

.68 

1.42 

.05 

.13 

11.00 

8.25 

1925 

.151  0 

0 

4.43 

2.09 

1.00 

1.22 

2.96 

3.06 

3.11 

.14 

0 

18.16 

14.76 

1926 

.98     .06 

2.18 

2.24 

1.96 

4.38 

2.27 

1.62 

3.56 

3.49 

.32 

2.19 

25.25 

16.03 

Average: 

1915-1926. 

.51     .47 

1.14 

2.96 

2.  01 

2.58 

1.30 

2.21 

1.99 

2.30 

.66 

.53 

18.67 

13.04 

1900-1926 

Chillicothe,  Tex.:  a 

.41     .62 

i 

.87 

2.28 

2.44 

2.26 

1.98 

1.89 

2.05 

2.20 

1.08 

.65 

18.73 

12.90 

1913 

.35!  1.90 

1.32 

1.77 

1.01 

2.33 

.29 

.05 

4.21 

4.71 

2.79 

5.51 

26.24 

9.66 

1914 

T.        .30 

1.68 

2.40 

6.16 

1.67 

1.76 

8.47 

1.04 

1.44 

.41 

1.28 

26.61 

21.50 

1915 

.34   1.88 

1.22 

5.13 

2.15 

6.71 

4.07 

3.73 

3.83 

5.07 

.15 

.53 

34.81 

25.62 

1916 

l.OOj   T. 

.20!    .30 

1.48 
.30 

3.62 
.73 

1.C2 
2.33 

1.17 
.34 

.48 
4.05 

1.19 
1.11 

1.77 
2.06 

3.06 
.35 

1.53 
.82 

.02 
T. 

16.34 
12.59 

9  25 

1917 

10.62 

1918 

.10:     .42 

1.56 

1.15 

,95 

4,49 

76 

.26 

3.35 

6.35 

2.82 

3.44 

25.65 

10.96 

1919. 

.26:     .76 

2.28 

5.27 

8.79 

2.88 

1.22 

1.41 

2.64 

13.  23 

2.24 

.29!  41.27 

22.21 

1920 

1.92     .63 

1.49 

2.41 

9.66 

1.45 

1.39 

8.37 

3.61 

5.42 

2.83 

.52;  39.70 

26.89 

1921 

.31:  1.02 

1.20 

.69 

.67   9.60 

.06 

2.73 

1.52 

.03 

T. 

.13 

17.96 

15.27 

Average: 

1913-1921. 

.50:    .80 

1.39 

2.57 

3.64   3.40 

1.56 

3.04 

2.67 

4.41 

1.51 

1.30 

26.80 

16.89 

1907-1921 

.43}     .90 

1.50 

2.27 

3.49|  3.76 

1.86 

2.54 

2.36 

3.65 

1.59 

1.32 

25.67 

1 

16.28 

Tucumcari,  N.  Mex.: 

1 

! 

1914 

.301     .40 

.50 

2.52 

5.  24|  2.  81 

3.90 

1.06 

.72 

3.48 

T. 

1.311  22.241 

16.25 

1915 

.66     .98 

.90 

4.00 

1.59!     .71 

3.131  2.28 

2.94 

67 

T. 

.27    18.13, 

14.65 

1916- 

.70   0 
.31     .11 

.09 

1  55 

56       63 

98   4  4:^ 

.56 
2.74 

.78 
.16 

29 

.32    10.89 
.04   13.99 

8.71 
12.63 

1917 

.12 

.32 

1.82     .90 

.74 

6.11 

!62 

1918 

.10     .13 

.21 

1.14 

.21!     .80 

2.54 

1.02 

2.85 

2.60 

.51 

2.001  14.11 

8.56 

1919 

.04     .32 

3.69 

3.61 

5.84;  6.S9 

3.16 

2.53 

4.16 

2.31 

.51 

.93 

33.  49! 

25.69 

1920 

.76     .15 

.34 

.20 

2.  55   3.  91 

1.52 

1.48 

1.44 

3.68 

.49 

0 

16.  52! 

11.10 

1921 

1.  56     .  32 

.83 

T. 

8.72:  5.88 

3.65J  1.86 

.75 

.21, 

0 

0 

23.  78! 

20.86 

1922 

.13     .13 

1.37 

2.64 

2.04    1.24 

1.65     .67 

1.20 

.37 

.93 

0 

12.  37i 

9.44 

1923 

0      i     .96 

1.04 

3.35 

1.92:  3.55 

.63    5.64 

1.78 

7.51 

1.69 

1.64 

29.71 

16.87 

1924 

T.      .19 

.60 

.63 

1.671  2.07 

1.93   3.79 

1.31 

1.09 

.04 

-     .47    13.79! 

11.40 

1925 

.30:    .05 

T. 

.38 

1.85!  1.33 

3.09   3.36 

2.32 

1.26 

.24 

.25!  14.431 

12.33 

1926 1 

.14     .10 

2.04 

3.13 

5.25|  1.87 

2.24 

1.59 

1.57 

.58 

.02 

1.23|  19.76J 

15.65 

Average:                1 

1 

1 

1            1 

1914-1926. ' 

.38     .30 

.90 

1.81 

3.021  2.47 

2.24 

2.76 

1.87 

1.90: 

.41 

.651  18.71j 

14.16 

1905-1926 

.32:     .51 

.77 

1.76 

2.26i  2.13 

1 

2.441 

2.86 

1.57 

.,48| 

.74 

.71    17.55 

13.02 

»  Data  for  Chillicothe  taken  from  Quanah,  Tex. 


EXPERIMENTS   WITH    GRAIN    SORGHUMS  / 

Partial  or  complete  crop  failures  occurred  during:  the  period  of  the 
experiments  at  several  stations.  Most  of  the  failures  at  Lawton, 
Okla.,  wore  due  to  chinch  bugs.  Dwarf  milo  was  completely  de- 
stroyed by  cliiiich  bugs  at  Lawton  in  1921  and  1922,  and  practically 
all  grain  sorghun  s  wwo  destroyed  by  the  chinch  bugs  in  1918  and 
1925.  The  friluK  s  ;U  (iarden  City,  Kans.,  in  1925,  Big  Spring,  Tex., 
in  1924,  and  Chillicothe,  Tex.,  in  1909,  1910,  1911,  1913,  and  1916 
were  due  to  drought.  The  failures  at  Hays,  Kans.,  in  1916,  1917, 
and  1918  were  caused  by  drought,  the  failure  in  1^13  by  both  drought 
and  chinch  bugs,  and  that  in  1926  by  drought  and  bird  damage.  The 
crop  of  1918  at  Tucumcari,  N.  Mex.,  was  destroyed  by  drought.  Soil 
blowing  at  Tucumcari  destroyed  some  of  the  earlier  sown  plots  in 
1917,  1919,  and  1925. 

When  the  plots  from  all  spacings  or  dates  of  seeding  of  any  variety 
failed,  the  results  from  the  station  affected  usually  were  omitted  from 
the  tables  for  that  season.  When  only  part  of  the  plots  in  an  experi- 
ment failed,  however,  the  yields  of  the  affected  plots  are  given  as  zero 
unless  the  failure  was  due  to  soil  blowing.  The  results  from  plots 
destroyed  by  soil  blowing  were  omitted  from  the  tables  because  soil- 
blowing  injury  usually  is  not  a  direct  result  of  any  particular  spacing 
or  date  of  seeding,  although  it  has  occurred  at  Tucumcari,  N.  Mex., 
when  the  seeding  was  done  too  early. 

EXPERIMENTAL  METHODS 

« 

The  cultural  experiments  with  grain  sorghums  were  conducted  in 
field  plots  varying  in  size  from  about  one-fiftieth  to  one-tenth  of  an 
acre.  Most  of  the  plots  were  132  feet  long  and  consisted  of  2  to  10 
rows  spaced  40,  42,  or  44  inches  apart.  In  some  of  the  spacing 
experiments  the  rows  were  double  the  above  distances  apart.  The 
usual  plot  consisted  of  10  rows  with  the  two  border  rows  removed 
before  harvest  and  only  the  eight  inside  rows  harvested  for  yield. 

Nearly  all  of  these  experiments,  except  those  at  ChiUicothe,  Tex., 
were  conducted  in  single  plots,  but  in  1926  and  occasionally  in  other 
years  some  of  the  experiments  at  the  other  stations  were  conducted  in 
duphcate,  triplicate,  or  quadruplicate. 

In  all  of  the  experiments  in  recent  years  and  in  most  of  the  earlier 
experiments  the  plots  were  seeded  thickly,  and  the  plants  were  thinned 
later  to  the  desired  spacing.  This  was  found  to  be  absolutely  neces- 
sary in  the  spacing  experiments. 

The  acre  yields  of  grain  are  all  calculated  at  56  pounds  to  the  bushel. 
Other  weights  have  been  used  previously,  however,  in  publishing  some 
of  the  results  presented  in  this  bulletin.  Yield  results  from  the  spac- 
ing and  date-of-seeding  experiments  are  presented  from  all  stations. 
Agronomic  data  other  than  yield,  including  the  heads  per  plant,  size 
of  head,  period  of  growth,  forage  yields,  weight  per  bushel,  etc.,  are 
shown  only  for  the  experiments  at  Woodward,  Okla.,  where  the 
experiments  have  been  more  extensive  or  complete  or  were  con- 
tinued longer  than  at  the  other  stations. 

SPACING  EXPERIMENTS 

Experiments  with  distances  of  spacing  with  one  or  more  varieties 
of  grain  sorghum  have  been  conducted  at  nine  field  stations.  Dwarf 
Yellow  milo,  Dawn,  Sunrise,  Reed,  BlackhuU,  Dwarf,  and  Pink  kafirs, 
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Standard  feterita,  and  Freed  sorghum  have  been  included  in  these 
experiments.  Data  are  shown  for  plots  with  the  plants  spaced  at 
different  distances  apart  in  the  row  and  also  for  plots  with  the  rows 
at  different  distances  apart.  Yield  data  are  presented  from  all  sta- 
tions, but  the  other  agronomic  data  are  shown  only  from  the  experi- 
ments r.t  Woodward,  Okla. 

YIELD  RESULTS 

DWARF    YELLOW    MILO 

The  annual  and  average  yields  of  Dwarf  Yellow  milo  grown  in 
spacing  experiments  in  ordinary  rows  40  to  44  inches  apart,  at  eight 
experiment  stations,  are  shown  in  Table  3.  The  6-inch  spacing  pro- 
duced the  highest  average  yields  at  Dalhart,  Tex.;  the  12-mch  spacing 
at  Garden  City,  Kans.,  Lawton,  Okla.,  and  Chillicothe,  Tex.;  the 
18-inch  spacing  at  Amarillo,  Tex.,  and  Tucumcari,  N.  Mex.;  the 
24-inch  spacing  at  Woodward,  Okla.,  and  the  30-inch  spacing  at  Big 
Spring,  Tex.  At  no  station  were  the  average  yields  of  the  best 
spacing  more  than  4  bushels  per  acre  higher  than  the  yields  from  the 
poorest  spacing,  except  at  Lawton,  Okla.,  where  the  1-year  results 
under  poor  conditions  can  not  be  considered  significant.  This 
apparent  uniformity  in  yield  shows  that  milo  is  very  adaptable  to 
different  spacings.  Dwarf  Yellow  milo  suckers  freely  when  space, 
moisture,  and  plant  food  are  abundant,  but  only  slightly  when  these 
factors  are  deficient.  Not  all  stalks  produce  heads,  and  the  per- 
centage of  stalks  producing  heads  is  very  low  in  extremely  dry  seasons 
{9,  10).  The  heads  vary  greatly  in  size,  depending  upon  the  environ- 
ment, and  this  also  tends  to  balance  the  plant  development. 

The  average  for  43  station  years  at  six  stations  shows  the  18-inch 
spacing  for  Dwarf  Yellow  milo  to  be  most  productive.  The  yields 
were  23.2,  23.7,  25.2,  and  23.5  bushels  per  acre,  respectively,  for  the 
6,  12,  18,  and  24  inch  spacings.  The  yield  differences  are  small  and 
probably  not  very  significant  within  this  range  of  spacing.  In  this 
average  the  results  from  Lawton  and  Chillicothe  are  omitted  because 
the  crop  at  Lawton  was  affected  by  chinch  bugs  and  the  Chillicothe 
spacings  were  not  comparable  with  those  at  the  other  stations. 

DAWN    KAFIR 

The  yields  of  Dawn  kafir  in  experiments  in  varying  the  spacing 
between  plants  in  the  row,  at  seven  stations,  are  shown  in  Table  4. 
The  6-inch  spacing  produced  the  highest  yields  at  ^\q  of  six  stations. 
At  Garden  City,  Kans.,  where  the  thickest  spacing  used  was  9  inches, 
the  yields  from  this  spacing  were  greater  than  from  the  18-inch  spacing. 
At  Amarillo,  Tex.,  where  rather  nonuniform  results  were  obtained, 
the  18-inch  spacing  produced  higher  average  yields  than  other  spac- 
ings. In  comparing  the  yields  from  6,  12,  and  18  inch  spacings  from 
all  stations  where  these  three  spacings  were  included  in  any  year,  the 
average  yields  obtained  in  41  station  years  are  24  bushels  per  acre 
for  the  6-inch  spacing,  23.6  bushels  for  the  12-inch  spacing,  and  22 
bushels  for  the  18-inch  spacing.  These  yields  show  that  the  6-inch 
spacing  is  the  most  productive,  on  the  average,  but  that  the  12-inch 
spacing  is  nearly  as  productive,  and  the  difference  in  yield  between 
the  6-inch  and  18-inch  spacings  was  only  2.1  bushels  per  acre. 
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Table  3. — Annual  and  average  yields  of  Dwarf  Yellow  milo  grown  in  spacing 
experiments  in  ordinary  rows  at  eight  experiment  stations  in  the  southern  Great 
Plains  in  jstated  years 


Station   and  distance  of 
spacing  in  row 

Acre  yield  (bushels)  in- 

1914 

1015 

1010 

1917 

1018 

1010 

1090 

1921 

1922 

1923 

1924 

1925 

1926 

Aw. 

age 

Garden  City,  Kans.: 

6  inches 

32.3 

28.4 
28.4 
32.5 

42.5 
53.4 
53.2 
49.8 
45.3 

20.4 
30.1 
15.8 
13.8 

7.6 
8.8 
8.3 
13.1 
7.6 

13.4 
22.2 
27.6 
26.3 

8.8 
6.3 
6.6 
6.9 
5.6 

30.7 
42.1 
42.1 
34.9 

36.4 
36.0 
36.6 
44.2 
39.2 

7.8 
1.7 
1.7 
4.8 

21.8 
27.8 
32.1 
26.6 
26.5 



50.5 
50.9 
52.9 
62.2 
52.1 

20.9 
24.9 
23  1 

12  inches 

1 

18  inches 

24  inches 

22.5 

25.0 
1    25.0 
27.3 
28.7 
25.9 

6.7 

Woodward,  Okla.: 

flinches 

12  inches 

21.6 
18.5 
26.2 
20.9 
21.8 

6.7 
9.8 
3.6 
2.7 
2.2 

2.6 
2.2 
4.7 
3.4 
1.5 

28.6 
17.5 
15.5 
31.3 
24.0 

29.1 
29.8 
36.8 
39.0 
35.3 

18  inches 

24  inches 

30  inches 

Lawton,  Okla.: 

6  inches 

12  inches 

9  8 

18  inches 

3  6 

24  inches 

..... 

2  7 

30  inches 

2  2 

Dalhart,  Tex.: 

6  inches 

54.5 
53.6 
54.3 
52.9 
50.5 

52.3 

30.1 
27.9 
26.2 
28.4 
35.7 

38.9 
38.9 
34.3 
31.3 

8.5 
12.5 
11.8 
11.2 

26.6 
31.6 
31.6 
31.4 

33.2 
31.3 
30.4 
23.4 

35.9 
21.8 
22.0 
24.8 

38.0 
42.0 
38.8 
39.3 

33  2 

12  inches 

32  5 

18  inches 

31  1 

24  inches 

30  3 

30  inches 

Amarillo,  Tex.: 

6  inches 

27.1 
26.2 
15.3 
21.2 

69.6 
70.5 
75.4 
63.7 
72.3 

7.7 

7.9 

16.1 

19.0 

20.0 

28.6 
27.1 
28.3 
35.7 

1.8 
4.9 
3.4 

1  33  2 

9  inches 

32  9 

12  inches 

53.0 
54.5 
52.4 

4.5 
3.6 
5.9 
6.1 
4.7 



33  8 

18  inches 

34  9 

24  inches 

29.1' 

Big  Spring,  Tex.: 

6  inches 

0 

0 

0 

0 

7.4 

9.4 

4.0 
4.0 
3.8 
2.5 
3.8 

19.9 
28.5 
23.6 
26.7 
34.7 

31  4 

ii  ft 

8.6 
10.7 
13.3 
11.7 

9.6 

8.0 
12.3 
12.3 
12.3 
11.2 

1.4 
3.6 
4.5 
6.6 
9.5 

13  3 

12  inches 

32. 6|  34.4 

30.01  34.3 

27.2  32.1 
24.1    29.8 

14  4 

IS  inches 

14  2 

24  inches 

13  9 

30  inches 

36  inches 

15.0 

Tucumcari,  N.  Mex.: 

6  inches 

20.1 

26.8 

21.4 

6.0 

7.1 

31.3 
26.6 
22.1 
18.8 
24.3 

! 

14  5     7  fi 

22.0 
24.4 
24.0 
18.4 
19.1 

3.6 

8.4 
9  1 

26.2 
19.3 

95  9 

17  9 

12  inches 

10.6 
14.7 
13.1 
11.2 

9;i 

12.6 
12.1 
12.9 

17  9 

18  inches 

18  2 

24  inches 

12.6   20.9 
12.1   20.7 

14  6 

30  inches 

16  3 

1 

Station  and  distance  of  spacing 
in  row 

Acre  yield  (bushels)  in- 

1907 

1908 

1909 

1910 

1911 

1913 

1914 

1915 

1916 

1917 

Aver- 
age 

Chillicothe,  Tex.: 

4  inches 

34. 
31. 
26. 
31. 

5     13  9 

in  i. 

.0.7 

13  •' 

0 
n 

0 
0 
0 
0 

23.8 
19.3 
21.8 
21  8 

30.0 
26.4 
28.6 

27    1 

11.4 
11.2 
13  9 

6.1 
5.1 
9  1; 

14  1 

8  inches. 

8     23.41     10.5 
1      27. 9j     10. 9 
1       17  Ql        7  0 

14.1 
14  8 

12  inches... 

16!l       0 
11  i.\      n 

16  inches 

J  3   91         «   7I 

13.6 

1 

1 

1 

«  The  years  1918  and  1919  are  not  included  in  the  averages  for  Amarillo  because  comparable  data  for 
these  two  years  are  not  available. 


MISCELLANEOUS  KAFIRS 


The  annual  and   average  yields  from  somewhat  limited  spacing 
experiments  with  Sunrise,  Reed,  Blackhull,  Dwarf,  and  Pink  kafir 
are  presented  in  Table  5.     The  Sunrise  kafir  at  both  Woodward^ 
46781—29 2 
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Okla.,  and  Tucumcari,  N.  Mex.,  produced  the  highest  average  yields 
from  the  12-inch  spacing.  Reed  kafir  produced  the  highest  average 
yields  from  the  6-inch  spacing  at  Woodward  and  Lawton,  Okla.,  but 
at  Tucumcari,  N.  Mex.,  slightly  higher  yields  were  obtained  from 
the  12-inch  than  from  the  6-inch  spacing.  Blackhull  kafir  (C.  I. 
No.  71),  grown  in  a  single  year  at  one  station,  produced  the  highest 
yields  from  the  6-inch  spacing.  Another  strain  of  Blackhull  kafir 
grown  at  Chillicothe,  Tex.,  in  an  earher  series  of  years  produced  the 
highest  yields  from  the  8-inch  spacing.  Pink  kafir  at  Hays,  Kans., 
produced  the  highest  yields  from  the  6-inch  spacing.  A  4-year  com- 
parison of  Dwarf  kafir  in  8-inch  and  16-inch  spacing  at  Chillicothe, 
Tex.,  shows  a  slightly  higher  average  yield  for  the  8-inch  spacing. 


Table  4. — Annual  and  average  yields  of  Dawn  kafir  grown  in  spacing  experiments 
in  ordinary  rows  at  seven  experiment  stations  in  the  southern  Great  Plains  during 
three  or  more  years  from  1912  to  1926 ,  inclusive 

[The  data  for  1913  are  omitted  because  of  crop  failure] 


Station  and  distance 
of  spacing  in  row 

Acre  yield  (bushels)  in- 

1912 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Hays,  Kans.: 

3  inches 

37.1 
27.5 
17.7 

6  inches 

34.7 
23.9 
31.0 

33.6 

58.2 

45.7 

15.4 

17.4 

20.5 

36.7 

1  32.  a 

9  inches          .    _ 

12  inches 

— 

35.6 

58.0 

30.8 

19.3 

25.9 

20.3 

37.3 

32.  a 

15  inches 

24.3 

18  inches 

24.3 

28.7 

47.1 

30.6 

15.4 

21.7 

24.8 



32.7 

28.2 

20  inches 

24.8 

24  inches 

25.5 
15.3 

2.4 
1.6 

36  inches 

Garden  City,  Kans.: 
9  inches 

22.8 
33.1 

4.2 

9.4 

11.6 
11.8 

25.7 
17.7 
16.7 
17.1 
13.0 

4.1 

7.0 

23.3 
23.9 

45.4 
38.0 
39.5 
25.2 
21.4 

26.5 
28.0 
32.7 
33.9 
21.7 

45.0 
40.0 

29.9 
33.0 
33.8 
35.4 
33.6 

39.1 
27.9 
24.3 
21.0 
20.8 

23.9 
17.4 

43.1 
38.0 

30.9 

65  6 

40.2 
36.8 



24.3 
30.5 

25.5 

18  inches 

24.9  49-3 

24.9 

Lawton,  Okla.: 

6  inches 

33.7 

12  inches  

29.  & 

18  inches 

30  0 

24  inches 

25.9 

30  inches      

22.7 

DaJhart,  Tex.: 

6  inches 

33.6 
30.4 
33.9 
27.1 

0 
6.7 

8.3 

23.2 
25.0 
?4  3 

44.3 

38.8 
33  n 

48.4 
47.7 
42.1 
38.6 

30.7 
28.2 
25.4 
26.8 

30.7 

12  inches 



29  1 

18  inches 

. 

28.0 

24  inches. 

11.2!  27.71  29.6 

27  0 

30  inches    ..    . 

Amarillo,  Tex.: 

6  inches       

9.3 
19.8 
20.0 
20.4 

64.5 
73.9 
73.2 
67.2 
59.5 

1.1 

15.9 
IS  1 

.8 

4.1.6 



1 

2  26  4 

9  inches 

1.9   27.2 
.8   34.6 

27  2 

12  inches 

.....    _-.. 



18  inches 

4.1 

19.1 
28.7 

3.5   35.1 
!  31.8 

29  1 

24  inches 

Big  Spring,  Tex.: 
6  inches     .     

1 
.9     4.7 
1.3!    3.3 
2.7i     3.1 
3.8,    2.8 
4. 9'    2. 0 

4.4 
2.1 
3.2 
2.7 
3.4 

15.9 
21.6 
13.9 
17.9 
12.6 

21.1 
19.3 
14.1 
13.6 
10.6 

23.3 
20.4 
18.8 
16.3 
15.6 

1.6 
5.6 
7.2 
5.8 
8.3 

17.7 
15.4 
15.6 
14.6 
12.3 

28.6 
28.0 
24.5 
21.4 
19.3 

13  1 

12  inches 

13.0 

18  inches 

11  5 

24  inches 

11  0 

30  inches 

9.9 

36  inches  

4.4 

Tucumcari,  N.  Mex.: 
6  inches 

30.4 
29.9 
25.3 
11.6 
13.5 

17.5 
12.6 
13.5 
12.9 
8.8 

22.5 
19.6 
13.6 
17.1 

4.1 
6.5 
8.9 
9  4 

14.3 

17.7 

9.6 
9.4 
15.0 
14.3 
10.3 

26.0 
21.6 
20.0 
18.5 
22.0 

17.8 

12  inches    . 

1 

17.4   20.1 
19.  81  14. 1 
21.6:  10.5 
19.6!  11.3 

17  1 

18  inches 

1 

16  3 

24  inches 

1 

14  6 

30  inches 

...J  .... 

12.  6^     8.  5 

13  3 

1 

1 

»  The  year  1912  is  not  included  in  the 
!  The  year  1916  is  not  included  in  the 


averages  for  Hays,  Kans. 
averages  for  Amarillo,  Tex. 
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Table  6. — Annual  and  average  yields  of  miscellaneous  varieties  of  kaflr  grown  in 
spacing  experiments  in  ordinary  rows  at  five  experiment  stations  in  the  southern 
Great  Plains  in  stated  years 

SUNRISE  KAFIR 


Station  and  distance  of  spacing 
in  row 

Acre  yield  (bushels)  in— 

1917 

1918     1919  1  1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Woodward,  Okla.: 

6  Inches 

31.3 
30.9 
32.1 
30.2 
28.9 

1     ! 

8. 4  1  27.  9  1  34. 4 

10.  4     29.  7     36.  6 
9.  1      26.  5     36.  3 

40.8 
40.2 
39.4 
33.6 
80.2 

11.1 

14  3 

35.8 
33.8 
32.8 
29.4 
29.4 

19.6 
23.0 
16.9 
15.0 
15.5 

26.6 

42.6 

27.3 

12  inches 

12. 9  i  13. 8 
13.3  !  15.4 
13.1  ;  15.8 

26.7     30.8 

27.5 

18  inches 

26.9 
24.7 
27.6 

7.6 
12.5 
12.6 
1&8 

9.9 

32.7 
29.7 
28.3 

25.7 
25.4 
21.2 
17.7 
10.8 

26.5 

24  inches 

11.  5     28. 1 
11.3  1  35.1 

i 

3ao 

3&2 

?5  4 

30  inches 

16.2 

19.8 

26.2 

Tucumcari,  N.  Mex.: 

fi  inches 

17.6 

12  inches 

i 

20.3 

18  inches 

j 

16.9 

•  24  inches 

I 

16.5 

30  inches 

1 

15.1 

1 

REED  KAFIR 


Woodward,  Okla.: 

6  inches 

• 

20.7 
22.3 
20.2 
19.5 
16.8 

1.8 
3.5 
4.0 
4.1 
4.1 

24.8 
24.8 
20.0 

17.7 
119 

13.2 
9.4 
9.9 
8.9 
&4 

65.4 
41.1 
31.9 
27.8 
18.4 

34.3 
31.8 
31.3 
30.1 
25.2 

28.4 
32.5 
23.7 
18.1 
16.9 

41.4 
3a7 
28.5 
25.5 
22.3 

13.8 
13.4 

re.i 

20.6 
13.0 

47.7 
39.8 
35.6 
30.7 
27.1 

3a3 
29.8 
24.4 
21.8 
17.9 

26.8 
26.9 
25.0 
22.0 
23.4 

38.0 

12  inches       .  .  ...  . 

31.7 

18  inches 

27.2 

24  inches 

212 

30  inches 

19.9 

Lawton,  Okla.: 

6  inches 

19.9 

12  inches     

18.6 

18  inches. 

17.4 

24  inches 

16.2 

30  inches 

13.9 

Tucumcari,  N.  Mex.: 

6  inches 

23.0 

12  Inches 

23.9 

18  inches 

21.6 

24  inches 

20.2 

30  inches 

17.8 

1 

BLACKHULL  KAFIR  (C.  I.  No.  71) 


Lawton,  Okla.: 

6  inches .... 

29.8 
26.5 
2a9 
19.1 
16.4 

29.8 

12  inches 

''    .  . 



26.6 

18  inches 

9a9 

24  inches . .... 

19.1 

30  inches 

15.4 

PINK  KAFIR 


Hays,  Kans.:  > 

6  inches 

39.3 
45.7 
35.7 
29.1 

49.6 
32.9 
31.8 
33.2 

68.1 
52.9 
41.9 
43.5 

34.8 
29.9 
21.2 
26.0 

27.7 
29.8 
28.1 
26.3 

30.3 
3.3.9 
29.6 
30.5 

33.6 
35.9 
47.5 
36.4 

...... 

39.1 

12  inches..        .    . 

37.8 

18  inches 

33.7 

24  inches 

32.1 

DWARF  KAFIR 


ChiUicothe,  Tex.: 

8  inches 

. 

25.6 
218 

29.5 
30.1 

22.8 
16.3 

7.7 
13.4 

21.4 

16  inches 

21.  2 

'*      'l    •       1 

»  These  experiments  were  conducted  by  the  Ofllco  of  Forage  Crops  and  Diseases,  and  the  results  from  1919 
to  1922,  inclusive,  were  reported  in  Department  Hulletin  No.  1260  U4).  The  results  from  1923  to  1925,  inclu- 
sive, were  supplied  by  co  urtesy  of  the  Offle  e  of  Forage  Crops  and 
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Table  5. — Annual  and  average  yields  of  miscellaneous  varieties  of  kafir  grown  in 
spacing  experiments  in  ordinary  rows  at  five  experiment  stations  in  the  southern 
Great  Plains  in  stated  years — Continued 

BLACKHULL  KAFIR 


Station  and  distance  of  spacing 
in  rows 

Acre  jdeld  (bushels)  in— 

1907 

1908  !  1909 

I 

1910 

1911 

1913 

1914     1915 

1916     1917 

1 

Aver- 
age 

Chillicothe,  Tex.: 

4  inches          

i 
27. 1  !    0 
31.3       0 
27. 7  1     0 
29.6  i     0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

6. 8  !  26.  4 
10.4     28.6 
10.  7  ;  27.  9 
12. 1     21.  4 

0 
0 
0 
0 

11.2 
16.8 
9.8 
7.0 

7.9 

8  inches 

31,3 
29.8 
30.0 

11.8 

10.6 

16  inches       - 

10.0 

FETERITA 

The  yields  of  the  ordinary  Standard  feterita  in  plant-spacing 
experiments  are  found  in  Table  6.  In  one  2-year  experiment  at 
Hays,  Kans.,  the  9-inch  spacing  outyielded  the  15-inch  spacing. 
In  another  o-year  experiment  the  8-inch  spacing  outyielded  all  others. 
At  Chillicothe,  Tex.,  a  10-year  comparison  of  8-inch  and  16-inch 
spacing  shows  that  the  8-inch  spacing  was  the  more  productive,  but 
in  three  years  at  Woodward,  Okla.,  of  the  6,  12,  and  18  inch  spacing 
the  18-inch  spacing  was  most  productive.  In  general  it  appears  that 
feterita  will  produce  the  highest  yields  from  spacings  of  about  8  or 
9  inches. 


Table  6. — Annual  and  average  yields  of  feterita  grown  in  spacing  experiments  in 
ordinary  rows  at  three  experiment  stations  in  the  southern  Great  Plains  during 
stated  years 

[The  data  for  1923  are  omitted  because  of  crop  failure] 


Station  and  distance 
of  spacing  in  row 

Acre  yield  (bushels)  in— 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1924 

1925 

1926 

Av- 
erage 

Hays,  Kans.: 
3  inches 

28.6 

4  inches 

35.4 

32.1 
23.0 

17.7 
18.4 

9  inches 

48.6 
22.6 



35.8 

20.1 

20  inches 



Hays,  Kans:  i 

24.6 
28.9 

34.9 
33.9 
26.9 
22.1 
18.4 

5.0 

17.  ."i 

12.1 
19.2 
16.8 
18.2 
13.9 

.-18.8 

8  inches                  ! 

10.51  13.2 
6.4    15.0 
5.4    15.0 
6.1    10.4 

!    .. 

2L1 

12  inches 

29.6 



18.9 

16  inches 

28.3 
21.5 

17.8 

24  inches 





14.1 

Woodward,  Okla.: 
6  inches 

23.1 
27.9 
30.6 

20.4 

30  3 

24.6 

::::::::: 

18.4   30.3 
18.  9:  33.8 

25.5 

18  inches 

1 

27.8 

24  inches 

1 

19.  2i  33.21 

30  inches 

19.7   34.8' 

Chillicothe,  Tex.: 

1.9 

27.1 
28.2 
26.4 
23.6 

21.4 
19.5 
19.3 
17.2 

10.5 
8.1 
10.9 
10.6 

8  inches 

2.8 

3.8 

3  ll 

1.5 

39.0 

37.0 

30.7 

28.8 

»27.3 

1 

L8 

37.2 

34.7 

29.1 

26.4 

1 

»25.5 

1  These  yields  were  obtained  in  experiments  conducted  by  the  Office  of  Forage  Crops  and  Diseases 
and  reported  in  Department  Bulletin  No.  1260  (U). 

2  Seven  year  averages,  1915-1917,  and  1919-1922. 
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FREED  SORGHUM 

The  annual  and  average  yields  of  Freed  sorghum  grown  in  a  plant- 
spacing  experiment  at  Chillicothe,  Tex.,  are  shown  in  Table  7.  The 
yield  from  the  12-inch  spacing  was  the  highest. 

Table  7. — Annual  and  average  yields  of  Freed  sorghum  grown  in  spacing  experi- 
ments at  Chillicothe,  Tex.,  1913  to  1917,  inclusive 


Spacing 

Acre  yield  (bushels)  in— 

1913 

1914 

1915 

1916 

1917 

Average 

4  inches 

S 

0 

11.4 
14.3 
16.4 

23.4 
22.1 
26.1 

19.9 
19.0 
18.9 

14.4 
7.1 
10.0 

13.8 

Sinefaes                    

12.  S 

12  inches 

14.3 

AGRONOMIC  DATA 

DWARF    YELLOW    MILO 

The  more  important  agronomic  data  obtained  in  the  experiments 
on  spacing  Dwarf  Yellow  milo  plants  within  the  row  at  Woodward. 
Okla.,  are  shown  in  Table  8. 

Table  8. — Annual  and  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Dwarf  Yellow  milo  grown  in  44-^wc/i  rows  at  Woodward,  Okla.,  from  1917 
to  1926,  inclusive 

ACTUAL  SPACING  (INCHES) 


Spacing  in 
row 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

6  inches 

12  inches 

18  inches 

24  inches 

30  inches 

9.90 
14.40 
19.88 
25.05 
28.28 

8.04 
13.77 
22.30 
24.82 
30.64 

5.93 
12.06 
18.08 
23.92 
28.96 

6.12 
12.30 
18.30 
24.18 
29.61 

6.00 
12.03 
18.00 
23.97 
30.23 

6.26 
12.15 
17.40 
23.56 
29.55 

6.51 
12.50 
18.20 
24.95 
29.82 

6.19 
12.27 
18.12 
24.36 
30.23 

6.61 
11.94 
17.42 
23.87 
29.38 

6.62 
12.09 
18.72 
24.88 
29.53 

6.81 
12.55 
18.64 
24.36 
29.62 

HEADS  PER  PLANT 


6  inches 

L39 

0.57 

L02 

1.06 

1.21 

0.38 

0.60 

1.00 

1.17 

1.82 

0.96 

12  inches 

L77 

.79 

L28 

2.07 

2.29 

.66 

.73 

1.21 

2.04 

2.07 

1.49 

18  inches 

2.47 

2.17 

L62 

3.17 

2.87 

.84 

1.09 

1.72 

3.16 

2.67 

2.17 

24  inches 

2.77 

1.76 

2.46 

3.62 

3.12 

1.66 

1.79 

2.66 

3.66 

2.81 

2.59 

30  inches 

2.96 

1.36 

2.71 

3.18 

3.03 

L30 

2.01 

2.68 

3.52 

2.74 

2.66 

GRAIN  PER  HEAD  (POUND) 


6  inches.. 
12  inches 
18  inches 
24  inches 
30  inches 


0.061 

0.014 

0.066 

0.066 

0.083 

0.023 

0.021 

0.088 

0.049 

I 
0.098 

.059 

.016 

.066 

.070 

.110 

.045 

.020 

.139 

.064 

.117 

.083 

.019 

.068 

.083 

.131 

.057 

.030 

.151 

.070 

.151  1 

.074 

.019 

.119 

.106 

.160 

.077 

.041 

.166 

.070 

.182  1 

.082 

.013 

.101 

.129 

.177 

.079 

.049 

.174 

.087 

.221 

0.057 
.070 
.084 
.100 
.111 


GRAIN  PER  PLANT  (POUND) 


6  inches 

a086 

aoo8 

0.066 

0.070 

0.099 

aoo9 

0.011 

-a  088 

a  067 

0.120 

0.062 

12  inches 

.104 

.012 

.083 

.145 

.262 

.030 

.016 

.168 

.131 

.242 

.118 

18  inches 

.206 

.041 

.110 

.263 

.376 

.049 

.033 

.260 

.221 

.388 

.196 

24  inches 

.206 

.038 

.203 

.370 

.468 

.120 

.073 

.422 

.249 

.511 

.274 

30  inches 

.242 

.018 

.274 

.410 

.536 

.103 

.098 

.4fi6 

.806 

.606 

.306. 
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Table  8. — Annual  and  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Dwarf  Yellow  milo  grown  in  44-inch  rows  at  Woodward,  Okla.,  from  1917 
to  1926,  inclusive — Continued 

HEADS  PER  ACRE 


Spacing  in 
row 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

6  inches 

12  inches 

18  inches 

24  inches 

30  inches 

20.016 
17,523 
17, 712 
15,783 
14, 871 

10, 107 
8,179 
13,873 
10, 052 
6,328 

24, 521 
15, 131 
12,  774 
14,  662 
13.341 

24,692 
23, 991 
24,  694 
20,754 
15,312 

28,  750 
27, 137 
22,  730 
18,555 
14.  289 

8,654 
7,744 
6,882 
9.440 
6,271 

10,950 

8,326 
8,538 
10.  228 
9.610 

23.031 
14,059 
13,  533 
14,981 
12,  639 

25,233 
24,358 
25, 861 
21,260 
17,079 

28,862 
24,409 
19,  571 
16, 101 
13,229 

20,482 
17, 086 
16,  617 
15, 182 
12.297 

DAYS  FROM  PLANTING  TO  MATURITY 


6  inches.. 
12  inches. 
18  inches. 
24  inches. 
30  inches. 


139 
139 
139 
139 
139 


96 


114 
115 
117 
125 
125 


104 
108 
111 
111 
111 


106 

138 

117 

106 

102 

109 

138 

118 

106 

106 

109 

138 

120 

106 

106  ! 

109 

117 

138 

122 

106 

106  1 

109 

138 

122 

106 

106 

114 
115 
116 
117 


HEIGHT  OF  PLANTS  (FEET) 


6  inches.. 
12  inches 
18  inches 
24  inches 
30  inches 


3.3 

2.8 

4.0 

3.9 

4.8 

2.4 

2.2 

4.3 

3.8 

5.1 

3.0 

3.0 

3.5 

3.7 

5.0 

2.6 

2.0 

3.7 

3.7 

5.2 

4.0 

3.0 

3.3 

3.8 

5.0 

2.5 

2.0 

3.6 

3.8 

5.0 

3.6 

3.0 

3.3 

4.0 

4.5 

2.3 

2.2 

3.7 

3.9 

4.8 

3.0 

2.8 

3.3 

3.6 

4.3 

2.3 

2.3 

3.6 

3.9 

4.6 

3.7 
3.5 
3.6 
3.5 
3.4 


ERECT  HEADS  (PER  CENT) 


6  inches.. 
12  inches 
18  inches 
24  inches 
30  inches 


49 

100 

100 

100 

96 

100 

93 

93 

100 

79 

62 

100 

100 

100 

70 

99 

86 

89 

100 

61 

51 

100 

97 

99 

58 

99 

86 

71 

100 

48 

53 

100 

94 

95 

51 

97 

92 

55 

100 

38 

46 

100 

96 

96 

44 

94 

91 

47 

99 

39 

ACRE  YIELDS  OF  GRAIN  (BUSHELS) 


6  inches.. 
12  inches 
18  inches 
24  inches 
30  inches 


21.6 

2.6 

28.6 

29.1 

42.5 

7.6 

8.8 

36.4 

21.9 

50.5 

18.5 

2.2 

17.5 

29.8 

53.4 

8.8 

6.3 

36.0 

27.9 

50.9 

26.2 

4.7 

16.5 

36.8 

63.2 

8.3 

6.6 

36.6 

32.1 

52.9 

20.9 

3.4 

31.3 

39.0 

49.8 

13.1 

6.9 

44.2 

26.5 

52.2 

21.8 

1.6 

24.0 

35.3 

45.3 

7.6 

6.5 

39.2 

26.5 

52.1 

25.0 
25.0 
27.3 
28.7 
25.9 


ACRE  YIELDS  OF  FORAGE  (TONS) 


6  inches 

2.25 
2.30 
2.70 
2.28 
2.06 

1.07 
.73 
1.20 
1.03 
.73 

2.84 
2.13 
1.76 
2.63 
2.23 

3.49 
3.41 
4.56 
3.99 
3.69 

3.65 
3.92 
3.66 
3.11 
2.83 

2.69 
3.20 
3.31 
2.84 
2.67 

3.77 
3.68 
3.77 
3.65 
3.65 

2.82 

12  inches 

2.77 

18  inches... 

2.99 

24  inches 

2.79 

30  inches 

2.56 

WEIGHT  PER  BUSHEL  (POUNDS) 


6  inches 

60 
60 
58 
59 
59 

66 

65 
56 
66 
57 

69 
69 
69 
60 
69 

67.5 
57.0 
57.6 
57.6 
57.6 

52 
53 
53 
53 
53 

58.5 
59.5 
69.6 
59.0 
68.5 

67 
57 
67 
58 
68 

68.3 
58.5 
67.5 
57.8 
67.7 

57.2 

12  inches 

55.5 

57.2 

18  inches  . 

57  2 

24  inches 

57.5 

30  inches... 

57.5 

J 

The  actual  spacings  obtained  were  close  to  the  intended  spacings 
except  in  1917  and  1918,  when  the  thicker  spacings  were  too  thin. 
The  average  number  of  heads  per  plant  increased  with  spacing  up  to 
24  inches.    The  increase  in  the  number  of  heads  was  not  in  propor- 
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tion  to  the  wider  spacing,  however,  so  the  number  of  heads  per  acre 
decreased  with  the  increased  spacing.  The  greatest  average  number 
of  heads  per  plant  in  any  experiment  was  3.56. 

The  weight  of  grain  per  head  increased  with  the  spacing  but  not 
in  proportion  to  it.  The  average  weight  of  grain  per  100  heads  of 
Dwarf  Yellow  milo  from  the  plots  in  the  spacing  experiments  varied 
from  1.3  pounds  to  22.1  pounds.  The  weight  of  grain  per  plant  in- 
creased about  in  proportion  to  the  spacing  up  to  a  spacing  of  24  inches. 
The  smaller  increase  in  the  yield  per  plant  of  plants  spaced  30  inches 
over  the  fields  from  plants  spaced  24  inches  apart  resulted  in  a  de- 
creased yield  per  acre.  Under  the  conditions  of  these  experiments  the 
maximum  yield  of  Dwarf  Yellow^  milo  can  not  be  obtained  when  plants 
are  spaced  more  than  24  inches  apart  in  44-inch  rows,  or,  in  other 
words,  with  fewer  than  about  6,000  plants  per  acre. 

The  crop  from  the  24-inch  and  30-inch  spacings  matured,  on  an 
average,  three  days  later  than  that  from  the  6-inch  spacing.  The 
plants  from  the  6-inch  spacing  were  the  tallest,  owing  to  the  crowding. 

The  percentage  of  erect  heads  decreased  with  the  spacing  and  was 
highest  in  dry  seasons  when  the  heads  were  small.  In  plots  having  all 
heads  erect  the  average  head  contained  0.07  pound  or  less  of  grain. 
In  all  cases  but  one  in  which  all  of  the  heads  w^ere  erect  the  yields 
were  less  than  30  bushels  per  acre.  Erect  heads  resulting  from  close 
spacing  are  obtained  at  a  sacrifice  both  in  yield  per  acre  and  in  the 
size  of  heads.  The  crop  from  a  smaller  number  of  large,  partly  re- 
curved heads  probably  can  be  harvested  more  easily  than  the  numer- 
ous small  erect  heads  on  thickly  spaced  plants,  so  there  appears  to  be 
no  advantage  in  thick  spacing  for  milo. 

The  total  or  forage  yield  of  milo  at  Woodward  was  greatest  from  the 
18-inch  spacing. 

There  was  only  0.3  pound  difference  in  the  average  weight  per 
bushel  of  milo  from  the  different  spacings,  which  shows  that  the  spac- 
ing of  the  plants  has  only  a  slight  effect  on  the  plumpness  or  weight 
of  kernels. 

SUNRISE    KAFIR 

The  agronomic  data  for  Sunrise  kafir  in.  the  experiments  on  spacing 
in  the  row  at  Woodward  are  shown  in  Table  9.  The  effects  of  spacing 
on  the  development  of  the  plants  are  very  similar  to  those  shown  for 
milo. 

The  average  and  the  maximum  numbers  of  heads  per  plant  of  Sunrise 
kafir  were  greater  than  for  Dwarf  Yellow  milo,  and  the  size  of  heads 
was  about  the  same  in  the  same  spacings.  The  number  of  heads 
per  plant  and  the  weight  of  grain  per  head  and  per  plant  increased 
with  the  spacing,  but  not  in  proportion  to  the  spacing. 

The  fact  that  there  was  only  one  day's  difference  in  time  of  matu- 
rity between  the  thickest  and  thinnest  spaced  crops  shows  that  the 
increased  suckering  in  this  variety  did  not  delay  maturity  appre- 
ciably. The  plants  in  the  thinner  spacings  were  slightly  taller  than 
those  in  the  thick  spacings. 

The  forage  yields  show  a  gradual  decrease  with  increased  spacing. 

The  plumpness  or  weight  of  grains  from  the  30-inch  spacing  was 
slightly  greater  than  from  the  6-inch  spacing,  the  increase  amount- 
ing to  0,5  pound  per  bushel. 
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Table  9. — Annual  and  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Sunrise  kafir  grown  in  44-i'>^ch  rows  at  Woodward,  Okla.,  from  1917  to 
1926,  inclusive 

ACTUAL  SPACING  (INCHES) 


Spacing  in 
row 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

6  inches 

12  inches 

18  inches 

24  inches 

30  inches 

7.21 
13.09 
18.40 
24.52 
28.80 

8.90 
12.48 
17.80 
23.58 
29.34 

6.05 
11.76 
15.96 
23.50 
29.88 

5.94 
12.03 
17.92 
23.29 
29.12 

6.10 
12.00 
18.00 
24.52 
30.00 

6.49 
12.77 
18.22 
23.74 
29.33 

6.29 
12.38 
18.26 
23.74 
28.38 

6.07 
11.97 
18.08 
24.53 
30.05 

6.79 
12.61 
18.10 
24.29 
29.83 

6.40 
12.09 
18.97 
26.07 
28.77 

6.62 
12.32 
17.97 
24.18 
29.35 

HEADS  PER  PLANT 


6  inches 

1.64 

0.80 

1.07 

1.23 

1.12 

0.89 

0.87 

1.23 

1.06 

1.21 

1.11 

12  inches 

2.81 

1.08 

1.45 

2.37 

1.81 

1.31 

1.31 

2.00 

1.49 

1.68 

1.73 

18  inches 

3.51 

1.49 

1.63 

3.28 

2.46 

1.83 

1.71 

2.60 

1.99 

1.98 

2.25 

24  inches 

4.02 

2.31 

2.67 

3.60 

2.25 

2.19 

1.90 

2.91 

2.20 

1.87 

2.69 

30  inches 

4.16 

2.27 

3.18 

3.92 

2.27 

2.71 

2.50 

3.00 

2.60 

1.89 

2.86 

GRAIN  PER  HEAD  (POUND) 


6  inches 

0.054 

0.036 

0.062 

0.066 

0.087 

0.032  ! 

0.041 

0.069 

0.067 

0.089  j 

0.060 

12  inches 

.057 

.047 

.094 

.073 

.105 

.049  1 

.051 

.079 

.089 

.112 

.076 

18  inches 

.066 

.043 

.102 

.078 

.113 

.052  ! 

.064 

.090 

.096 

.123 

.083 

24  inches 

.072 

.046 

.097 

.097 

.144 

.056  } 

.078 

.097 

.107 

.163 

.096 

30  inches 

.079 

.057 

.130 

.106 

.157 

.064 

.088 

.116 

.125 

.169 

.109 

GRAIN  PER  PLANT  (POUND) 


6  inches : 

12  inches 

18  inches 

24  inches 

30  inches 


0.089 

0.029 

0.066 

0.081 

0.097 

0.028 

0.036 

0.085 

0.071 

0.108 

.160 

.051 

.136 

.173 

.190 

.064 

.067 

.158 

.133 

.188 

.232 

.054 

.166 

.256 

.278 

.095 

.109 

.234 

.191 

.244 

.289 

.106 

.259 

.349 

.324 

.123 

.148 

.282 

.235 

.305 

.329 

.129 

.413 

.416 

.353 

.173 

.220 

.348 

.325 

.319 

0.069 
.132 
.187 
.242 
.303 


HEADS  PER  ACRE 


6  inches 

32,428 

12, 814 

25,  213 

29,250 

26, 174 

19,  550 

19,  719 

28,888     22,256 

26, 953 

24,  325 

12  inches 

30, 604 

12,  337 

17,  577 

28,  085 

21,  503 

14,  625 

15,  085 

23,820  :  16,844 

19,811 

20,  029 

18  inches 

27, 195 

11,933 

14,  559 

26,  092 

19,  483 

14,  318 

13,  350 

20,501  :  15,673 

14,880 

17,  798 

24  inches 

23,372 

13,966 

16, 196 

22, 036 

13,  082 

13, 151 

11,410 

16,913  i  12,912 

10,  225 

15,326 

30  inches 

20,  592 

11, 030 

15, 172 

19, 192 

10,  787 

13, 173 

12,  558 

14,232  1  12,425 

9,365 

13, 853 

DAYS  FROM  PLANTING  TO  MATURITY 


6  inches 

143 

109 

107 

106 

109 

132 

132 

113 

110 

117 

12  inches 

143 

109 

107 

108 

111 

132 

132 

113 

112 

118 

18  inches 

143 

109 

110 

108 

113 

132 

132 

113 

112 

118 

24  inches 

143 

109 

110 

108 

113 

132 

132 

113 

112 

118 

30  inches 

143 

109 

110 

108 

113 

132 

130 

113 

112 

118 

HEIGHT  OF  PLANTS  (FEET) 


6  inches.. 
12  inches. 
18  inches. 
24  inches. 
30  inches. 


6.3 

4.5 

5.5 

5.8 

6.6 

4.2 

4.3 

5.1 

5.3 

6.7 

6.0 

4.3 

5.5 

5.5 

6.8 

4.3 

4.3 

5.2 

5.1 

6.6 

6.3 

4.3 

5.0 

5.7 

6.5 

4.5 

4.3 

5.6 

5.4 

6.7 

6.0 

4.3 

5.3 

5.7 

6.3 

4.7 

4.5 

5.7 

5.7 

6.7 

6.0 

4.5 

5.5 

5.9 

6.2 

4.9 

4.7 

5.7 

5.3 

6.8 

5.4 
5.4 
5.4 
5.5 
5.6 


ACRE  YIELDS  OF  GRAIN  (BUSHELS) 


6  inches. 

31.3 

8.4 

27.9 

34.4 

40.8 

11.1 

14.3 

35.8 

26.5 

42.9 

27.3 

12  inches 

30.9 

10.4 

29.7 

36.6 

40.2 

12.9 

13.8 

33.8 

26.7 

39.8 

27.5 

18  inches 

32.1 

9.1 

26.5 

36.3 

39.4 

13.3 

15.4 

32.8 

26.9 

32.7 

26.6 

24  inches 

30.2 

11.5 

28.1 

38.0 

33.6 

13.1 

16.8 

29.4 

24.7 

29.7 

25.4 

30  inches 

28.9 

11.3 

35.1 

36.2 

30.2 

15.2 

19.8 

29.4 

27.6 

28.3 

26.2 
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Table  9. — Annual  and  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Sunrise  kafir  grown  in  44'if^ch  rows  at  Woodward,  Okla.,  from  1917  ta 
1926,  inclusive — Continued 

ACRE  YIELDS  OF  FORAGE  (TONS) 


Spacing  in 
row 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

6  inches 

12  inches 

18  inches 

24  inches 

30  inches 

4.67 
4.67 
4.40 
4.18 
3.68 

1.91 
2.00 
2.18 
2.23 
2.00 

2.72 
2.63 
2.10 
2.53 
2.73 

3.15 
3.44 
3.21 
2.99 
2.80 

3.35 
3.57 
3.18 
2.83 
2.35 

1.78 
1.86 
1.96 
1.90 
2.03 

2.25 
1.93 
1.99 
1.93 
2.51 

3.85 
3.50 
.    3.38 
3.15 
2.70 

2.93 

2.78 
3.07 
2.87 
3.01 

4.16 
3.88 
3.60 
2.76 
2.68 

3.08 
3.02 
2.91 
2.74 
2.65 

WEIGHT  PER  BUSHEL  (POUNDS) 


6  inches 

60 
61 
61 
61 
61 

59.0 
59.5 
59.0 
59.5 
60.0 

61.5 
61.5 
61.5 
61.5 
61.5 

56.0 
57.0 
57.0 
57.0 
57.5 

57 
58 
58 
58 
58 

62.0 
61.5 
61.5 
61.0 
61.0 

60 
60 
60 
60 
61 

61 
61 
61 
61 
61 

59  5 

12  inches    .    ' 

56 

59  & 

18  inches 

59  9 

24  inches ! 

59  9 

30  inches    „  1 

60  1 

REED    KAFIR 


The  agronomic  data  for  Reed  kafir  grown  in  spacing  experiments 
during  five  years  at  Woodward,  Okla.,  are  shown  in  Table  10. 

Table  10. — Annual  and  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Reed  kafir  grown  in  44-inch  rows  at  Woodward,  Okla.,  from  1922  to  1926,. 
inclusive 

ACTUAL  SPACING  (INCHES) 


Spacing  in  row 

1922 

1923 

1924 

1925 

1926 

Average 

6  inches'. 

5.96 
12.06 
18.32 
23.97 
30.23 

5.98 
12.22 
17.27 
23.29 
28.59 

6.24 
12.52 
18.08 
24.87 
34.21 

8.06 
14.72 
18.72 
24.63 
30.80 

6.69 
12,12 
18.70 
24.95 
29.61 

6.57 

12  inches         

12.73 

18.22 

24  inches 

24.34 

30  inches             ... 

30  69- 

HEADS  PER  PLANT 


6  inches. 
12  inches 
18  inches 
24  inches 
30  inches 


0.85 
.99 
1.05 
1.19 
1.14 


0.98  I 
1.02  I 
L02  i 
LOS  I 
L18  I 


LIO 

L05 

LOO 

L15 

L12 

L13 

L18 

L12 

L18 

1.27 

L13 

L13 

L26 

L20 

L15 

LOt 
LOS 

Lll 

Lie 

LU> 


GRAIN  PER  HEAD  (POUND) 


6  inches. 
12  inches 
18  inches 
24  inches 
30  inches 


0.057 

0.059 

0.123 

0.125 

0. 113 

.107 

.117 

.176 

.159 

.165  ! 

.138 

.133 

.192 

.187 

.221 

.164 

.150 

.214 

.219 

.267 

.175 

.142 

.196 

.225 

.274 

0.095 
.145 
.174 
.201 
.202 


6  inches.. 
12  inches. 
18  inches. 
24  inches. 
30  inches. 


GRAIN  PER  PLANT  (POUND) 


0.048 

0.058 

0.135 

0.131 

0.123 

.106 

.119 

.202 

.178 

.186 

.145 

.136 

.227 

.209 

.261 

.183 

.162 

.272 

.247 

.302 

.200 

.168 

.247 

.270 

.315 

0.09» 
.168- 
.196: 
.233 
.240 


HEADS  PER  ACRE 

6  inches 

;      20,331 

23,362 
11,899 
8,420 
6,611 
5,883 

25,131 
13,095 
9,304 
7,280 
5,250 

18, 671 
10,847 
8,529 
6,540 
5,550 

23,580 
13,291 
8,996 
6,457 
5,537 

22;  195 

12  inches 

1      11,703 

U167 

8,684 

18  inches 

i       8.171 

24  inches 

1        7,077 

6.703 

30  inches 

5.376 

6,619- 

46781—29- 
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Table  10. — Annual  a.M  average  agronomic  data  obtained  in  a  spacing  experiment 
with  Reed  kafir  grown  in  44-inch  rows  at  Woodward,  Okla.,  from  1922  to  1926, 
inclusive — Continued 

DAYS  FROM  PLANTING  TO  MATURITY 


Spacing  in  row 


1922 

1923 

1924 

1925 

1926 

132 

108 

106 

103 

108 

132 

108 

107 

103 

108 

132 

108 

108 

103 

110 

132 

108 

109 

103 

115 

132 

108 

111 

103 

115 

Average 


6  inches. 
12  inches 
18  inches 
24  inches 
30  inches 


111 
112 
112 
113 
114 


HEIGHT  OF  PLANTS  (FEET) 


6  inches - 
12  inches 
18  inches 
■24  inches 
:30  inches 


4.2 

4.3 

5.1 

4.3 

6.1 

4.1 

4.2 

4.8 

4.2 

6.6 

4.1 

4.2 

4.8 

4.2 

5.5 

4.1 

4.2 

4.8 

4.3 

5.3 

4.1 

4.2 

4.7 

4.2 

5.3 

4.8 
4.6 
4.6 
4.5 
4.5 


ACRE  .YIELDS  OF  GRAIN  (BUSHELS) 


6  inches 

20.7 
22.3 
20.2 
19.5 
16.8 

24.8 
24.8 
20.0 
17.7 
14.9 

55.4 
41.1 
31.9 
27.8 
18.4 

41.4 
30.7 
28.5 
25.5 
22.3 

47.7 
39.8 
35.6 
30.7 
27.1 

38.0 

12  inches 

31.7 

18  inches.      .                            

27.2 

24  inches 

24.2 

30  inches 

19.9 

ACRE  YIELDS  OF  FORAGE  (TONS) 


6  inches 

2.07 
2.12 
1.83 
1.67 
L48 

2.16 
L86 
L48 
L38 
L13 

4.89 
3.02 
2.31 
L96 
1.38 

3.32 
2.81 
2.59 
2.11 
1.88 

4.80 
4.21 
3.44 
2.95 
2.69 

3.45 

12  inches                           

2.80 

18  inches.. 

2.33 

24  inches 

2.01 

30  inches 

1.71 

WEIGHT  PER  BUSHEL  (POUNDS) 


6  inches         . 

56.0 
57.5 
67.5 
58.5 
58.0 

56.0 
56.0 
58.5 
58.5 
68.5 

61.6 
61.6 
61.6 
62.0 
62.0 

■ 
60 
59 
59 
60 
59 

60.3 
60.5 
60.8 
61.0 
61.0 

68.6 

12  inches 

68.9 

18  inches    

^9.6 

24  inches.. 

60.0 

59.7 

This  variety  produced  only  slightly  more  than  one  head  per  plant 
with  the  thinnest  spacing,  which  shows  its  inability  to  tiller  to  any 
extent.  The  size  of  heads  increased  with  the  spacing  but  not  in  pro- 
portion to  it.  The  size  of  the  Reed  kafir  heads  was  larger  than  that 
of  Dwarf  Yellow  milo  or  Sunrise  kafir. 

The  weight  of  grain  per  plant  increased  with  spacing  to  a  less  extent 
than  that  necessary  to  maintain  the  yields,  and,  consequently,  the 
yields  per  acre  show  a  sharp  and  consistent  decrease  with  the  greater 
spacings. 

The  crop  from  the  30-inch  spacing  matured,  on  an  average,  three 
days  later  than  that  from  the  6-inch  spacing  and  was  0.3  foot  shorter 
in  height. 

The  forage  yields  decreased  rapidly  with  the  increased  spacing. 

The  weight  per  bushel  of  grain  from  the  three  thinner  spacings  was 
shghtly  greater  than  that  from  the  two  thicker  spacings. 
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EFFECT  OF  VARIETY 

The  results  previously  shown  mdicate  that  there  are  considerable 
differences  in  the  optimum  spacing  of  varieties  of  grain  sorghum. 
Dwarf  Yellow  milo  plants  require  more  space  for  best  development 
than  do  those  of  feterita  and  the  kafirs.  The  best  spacings  appear  to 
be  about  18  inches  for  milo,  9  inches  for  feterita,  12  mches  for  Sunrise 
kafir,  and  6  inches  for  other  kafirs  and  Freed  sorghum.  The  spacings 
required,  except  for  Freed,  are  in  direct  proportion  to  the  number  of 
stalks  produced  per  plant.  This  relationship  has  been  noted  pre- 
viously by  Sieglinger  (11). 

Varieties  that  sucker  freely  are  able  to  adapt  themselves  to  a  con- 
siderable variation  in  spacing  without  affecting  materially  the  yields 
of  grain.  The  highest  forage  yields  of  all  grain  sorghums,  except 
sometimes  the  milos,  may  be  expected  from  spacings  of  not  to  exceed 
6  inches  between  plants. 

The  increased  quantity  of  seed  per  acre  required  to  obtain  thick 
stands  is  so  small  that  it  may  be  neglected  in  considering  the  relative 
values  of  the  yields  obtained. 

The  space  required  for  a  given  variety  is  determined  by  two  plant 
characters,  viz,  the  ability  to  produce  more  tillers  and  the  ability  to 
produce  larger  heads,  when  the  space  per  plant  is  increased.  These 
characters  are  shown  for  Dwarf  Yellow  milo,  Sunrise  kafir,  and  Reed 
kafir  by  data  from  Woodward,  Okla. 

By  dividing  the  average  number  of  heads  per  plant  from  the  24-inch 
spacing  by  the  number  from  the  6-inch  spacing,  a  figure  is  obtained 
which  may  be  referred  to  as  the  "tillering  index."  The  tillering 
indexes  for  Dwarf  Yellow  milo,  Sunrise  kafir,  and  Reed  kafir  at  Wood- 
ward are  2.70,  2.33,  and  1.15,  respectively.  Similar  calculations  for 
the  weight  of  grain  per  head  show  values,  or  "fruiting  indexes,"  of 
1.75,  1.60,  and  2.12,  respectively,  for  Dwarf  milo.  Sunrise  kafir,  and 
Reed  kafir.  The  tillering  indexes  are  approximately  in  the  order  of 
the  optimum  spacing,  but  the  fruiting  indexes  are  not.  The  products 
of  the  two  indexes  are  approximately  4.7,  3.7,  and  2.4  for  Dwarf  milo. 
Sunrise  kafir,  and  Reed  kafir,  respectively.  These  values  or  "spacing 
indexes"  are  in  the  order  of  the  optimum  spacing  for  the  three  varie- 
ties. The  spacing  index  for  a  given  variety  varies  with  environmental 
conditions,  being  higher  for  dry  conditions  than  those  shown  and  lower 
for  favorable  moist  conditions,  where  spacing  is  a  less  important  factor 
in  determining  yield.  The  spacing  indexes  appear  to  maintain  about 
the  same  rank  for  varieties,  however,  regardless  of  the  season. 

The  optimum  spacing  for  any  variety  probably  can  be  determined 
by  growing  it  in  6-incn  and  24-inch  spacings,  in  comparison  with 
varieties  whose  optimum  spacing  is  known,  and  then  determining  the 
spacing  index.  If  the  index  Ues  between  those  of  Sunrise  and  Reed 
kafir,  for  example,  the  optimum  spacing  for  general  conditions  will  lie 
between  6  and  12  inches.  Tillering  and  variations  in  fruiting  will 
compensate  for  minor  deviations  from  the  optimum  spacing. 
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EFFECT  OF  MOISTURE 


The  low  yields  of  grain  from  grain-sorghum  plants  closely  spaced 
in  the  row  in  dry  seasons  ^  have  long  been  observed.  Many  of  the 
stalks  fail  to  produce  heads,  and  the  heads  are  small  when  the  plants 
are  crowded  and  moisture  is  deficient.  The  results  here  presented 
show  that  the  detrimental  effect  of  crowding  the  milo  plants  is 
apparent  in  favorable  seasons  also. 

The  yields  of  Dwarf  Yellow  milo  under  different  moisture  condi- 
tions are  shown  graphically  in  Figure  3.  It  will  be  seen  that  the 
highest,  or  as  high  as  any,  average  yields  were  secured  from  the  18- 
inch  spacing  regardless  of  whether  the  season  was  wet,  dry,  or  of 
medium  moisture.     Narrower  spacings  produced  slightly  decreased 
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Figure  3.— Average  yields  of  Dwarf  Yellow  milo  grown  in  6, 12,  18,  and  24  inch  spacings  and 
Dawn  kafir  grown  in  6, 12,  and  18  inch  spacings  in  wet,  medium,  and  dry  seasons  and  also  in 
all  seasons 

yields  regardless  of  the  type  of  season,  and  wider  spacings  than  18 
inches  also  resulted  in  slightly  decreased  yields.  The  yield  differences 
between  spacings  ranging  from  6  to  24  inches  are  not  important  in  wet, 
medium,  or  dry  seasons,  which  shows  that  considerable  latitude  in 
spacing  is  permissible. 


3  The  seasons  were  classified  on  the  basis  of  the  yields  as  affected  by  the  moisture  supply.  Most  of  the 
seasons  at  each  station  were  discussed  by  Chilcott  (i)  •  In  general  the  yields  of  grain  during  seasons  classified 
as  dry  were  less  than  20  bushels  per  acre,  in  seasons  of  medium  moisture  20  to  30  bushels,  and  in  wet  seasons 
over  30  bushels  per  acre.  For  Dwarf  Yellow  milo  the  dry  seasons  were  as  follows:  Garden  City,  Kans., 
1925;  Woodward,  Okla.,  1918,  1922,  and  1923;  Dalhart,  Tex.,  1922;  Amarillo,  Tex.,  1916;  Big  Spring,  Tex., 
1918,  1919,  1920,  1924,  1925,  and  1926;  and  Tucumcari,  N.  Mex.,  1917,  1922,  1923,  and  1925.  The  seasons  of 
medium  moisture  were  the  following:  Garden  City,  Kans.,  1922  and  1923;  Woodward,  Okla.,  1919;  Dalhart, 
Tex.,  1923;  Amarillo,  Tex.,  1917;  Big  Spring,  Tex.,  1921;  and  Tucumcari,  N.  Mex.,  1921,  1924,  and  1926. 
Wet  seasons  were  as  follows:  Garden  City,  Kans.,  1921  and  1924;  Woodward.  Okla.,  1917,  1920,  1921,  1924, 
1925,  and  1926;  Dalhart,  Tex.,  1919,  1920,  1921,  1924,  1925,  and  1926;  Amarillo,  Tex.,  1915,  and  1919;  and  Big 
Spring,  Tex.,  1922  and  1923, 

For  Dawn  kafir  the  following  were  the  dry  seasons:  Hays,  Kans.,  1922;  Dalhart,  Tex.,  1922;  Amarillo, 
Tex.,  1914,  1916,  and  1918;  Big  Spring,  Tex.,  1918,  1919,  1920,  1924,  and  1925;  and  Tucumcari,  N.  Mex.,  1920 
and  1922  to  1925,  inclusive.  The  following  were  midmoisture  seasons:  Hays,  Kans.,  1923  and  1924;  Lawton, 
Okla.,  1917;  Dalhart,  Tex.,  1923;  Big  Spring,  Tex.,  1921,  1922,  1923,  and  1926;  and  Tucumcari,  N.  Mex., 
1917,  1921,  and  1926.  The  wet  seasons  for  Dawn  kafir  were  the  following:  Hays,  Kans.,  1914,  1919,  1920, 
1921,  and  1925;  Lawton,  Okla.,  1919  and  1920;  Dalhart,  Tex.,  1919,  1920,  1921,  1924,  1925,  and  1926;  Amarillo, 
Tex.,  1915  and  1919. 
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Similar  graphs  for  Dawn  kafir  also  are  shown  in  Figure  3.  The 
trend  in  dry  seasons  is  similar  to  that  of  milo,  but  the  wet  and  average 
seasons  favor  the  thickest  spacing  of  6  inches.  The  difference  be- 
tween the  6-inch  and  the  12-inch  spacings  in  average  seasons  is  hardly 
significant,  however.  The  12-inch  spacing  yielded  practically  as  well 
as  the  18-inch  spacing  in  dry  seasons.  The  most  desirable  stand 
where  drought  is  likely  to  occur  probably  is  one  which  produces  a 
high  yield  in  average  seasons  without  a  risk  of  failure  of  grain  in  dry 
seasons.  This  objective  will  be  seciu-ed  with  stands  having  plants 
spaced  between  6  and  12  inches  apart  in  the  row. 

EFFECT  OF  INSECT  INJURY 

The  results  just  presented  apply  to  the  principal  grain-sorghum 
producing  sections  in  the  southern  Great  Plains.  In  southern  Texas 
and  in  the  other  Gulf  States  the  chief  factor  inhibiting  grain-sorghum 
production  probably  is  the  sorghum  midge  {Contarinia  sorgMcola) . 
In  Texas,  at  the  United  States  San  Antonio  Field  Station,  the  best 
yields  of  milo  have  been  obtained  by  thick  seeding  (6).  This  is  due 
to  the  uniformly  early  heading  of  the  closely  spaced  plants.  The 
grain  in  the  later-blooming  heads  on  the  sucker  stalks  usually  is 
destroyed  by  the  midge.  The  injury  caused  by  this  insect  prevents 
the  milo  from  being  grown  at  what  would  otherwise  be  the  optimum 
spacing. 

DOUBLE  SPACING  OF  ROWS 

The  growing  of  grain  sorghums  in  rows  spaced  double  the  usual 
distance  apart  is  a  frequent  practice  in  the  southern  Great  Plains. 
Sometimes  the  double  space  (80  to  88  inches)  is  left  only  between 
pairs  of  normally  spaced  rows.  The  chief  reason  for  the  widely 
spaced  rows  is  to  allow  the  plants  more  space  and  to  permit  the  crop 
to  produce  heads  and  grain  with  a  limited  supply  of  moisture. 
Widely  spaced  rows  also  may  facilitate  hand  harvesting  by  producing 
larger  heads.  The  yields  of  crops  following  sorghums  in  widely 
spaced  rows  usually  are  greater  than  the  yields  that  follow  sorghums 
in  ordinary  rows,  perhaps  partly  because  more  moisture  is  left  in  the 
soil  and  partly  because  less  of  the  total  soil  area  contains  any  of  the 
inhibiting  effects  of  sorghum  on  other  crops. 

DWARF   YELLOW    MILO 

The  yields  obtained  from  Dwarf  Yellow  milo  in  widely  spaced  rows 
at  three  stations  are  shown  in  Table  11.  The  average  yields  from  the 
same  number  of  plants  per  acre  grown  in  ordinary  rows  are  shown 
for  comparison.  Thus  the  average  yield  from  the  6-inch  spacing  in 
widely  spaced  rows  is  compared  with  the  average  for  the  12-inch 
spacing  m  ordinary  rows  during  the  same  years.  All  comparisons 
show  lower  yields  from  the  widely  spaced  rows  except  in  the  15-inch 
plant  spacing  at  Dalhart,  Tex.,  the  6-inch  and  9-iEch  spacings  at 
Amarillo,  Tex.,  and  the  6-inch  spacing  at  Woodward,  Okla. 

The  weighted  average  yields  for  all  spacings  within  a  row  during 
12  station  years  are  32.1  bushels  per  acre  for  the  wide  spacing  of 
rows  and  32.7  bushels  for  the  ordinaiy  spacing.  This  decrease  of 
0.6  bushel,  or  nearly  2  per  cent,  occurred  during  better-than-average 
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seasons.  During  extremely  dry  seasons  the  yields  usually  are  in  favor 
of  the  widely  spaced  rows.  If  this  experiment  had  been  conducted 
during  more  dry  seasons  the  average  difference  might  have  been  less 
than  that  shown  above.  The  plants  in  the  widely  spaced  rows  were 
crowded  too  closely  in  the  closer  spacings. 

Table  11. — Annual  and  average  yields  of  Dwarf  Yellow  milo  grown  at  different 
spacings  in  widely  spaced  rows  {84  to  88  inches  apart)  at  three  experiment  stations 
in  stated  years,  compared  with  the  average  yields  from  the  same  number  of  plants 
per  acre  grown  in-  ordinary  rows,  42  to  44  inches  apart 


Acre  yield  (bushels)  in— 

Station  and  distance  of 
spacing  in  rows 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

Aver- 
age 

Ordi- 
nary 

same 
years 

Dalhart,  Tex.: 
3  inches 

39.1 
45.9 
46.6 
47.7 
53.9 

48.6 

31.5 
31.3 

25.2 
28.1 
34.6 



35.3 
38.6 
35.9 
37.9 
44.3 

135.6 

42.3 

6  inches 

40.8 

39.8 

12  inches. - 

. 

40.7 

15  inches... 

43.1 

Amarillo,  Tex.: 
3  inches 



33.3 
28.4 
33.3 
36.8 

58.4 
62.9 
62.9 
55.0 

9.3 

7.1 

16.1 

28.5 

28.6 
33.0 
36.8 
33.8 

14.9 
14.1 
18.3 
15.5 
18.8 

4.1 
12.5 
4.1 
4.9 

3.3 
9.3 
5.4 
4.7 
3.7 

37.1 

4i\^  inches 

6  inches 

50.6 
47.5 

28.2 
20.9 
25.1 
29.3 
20.4 

139.9 
140.3 

24.1 
25.8 
26.7 
27.3 
24.4 

37.6 

9  inches 

38.8 

Woodward,  Okla.: 
3  inches 

30.6 
35.3 
37.6 
39.6 
37.8 

43.6 
49.6 
47.0 
47.4 
41.3 

24.9 

6  inches 

24.3 

27.3 

12  inches 

28.9 

15  inches - 

25.6 

Weighted  average 

32.1 

32.7 

! 

5-year  average,  1914-1917  and  1919, 


Figure  4.— Dawn  kaflr  grown  in  rows  40  inches  apart  with  plants  spaced  6  inches  in  the  row  In  a 
jpacing  experiment  at  the  Fort  Hays  Branch  Station,  Hays,  Kans.,  in  1920 
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Figure  5.— Dawn  kaflr  grown  in  rows  80  inches  apart  with  plants  spaced  3  inches  in  the  row  in  a 
spacing  experiment  at  the  Fort  Hays  Branch  Station,  Hays,  Kans.,  in  1920 

KAFIR 

The  j^ields  of  Dawn,  Sunrise,  Reed,  Pink,  Dwarf,  and  Blackhull 
kafir  grown  in  widely  spaced  rows  at  one  or  more  experiment  stations 
are  shown  in  Table  12. 


Table  12. — Annual  and  average  yields  of  kafir  varieties  at  different  plant  spacings 
in  wide  rows  {80  to  88  inches  apart)  at  six  experiment  stations  in  stated  years, 
compared  with  average  yields  from  the  same  number  of  plants  per  acre  grown  in 
ordinary  rows 

DAWN  KAFIR 


Acre  yield  (bxishels)  in— 

Ordi- 
nary 

Station,  and  distance 
of  spacing  in  row 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922   1923 

1924 

1925 

Aver- 
age 

spac- 
ing, 
same 
years 

Hays,  Kans.: 

3  inches 

35.0 
25.7 
26.1 

31.5 
27.8 
23.1 
19.6 
17.2 

11.3 
12.9 
16.1 
14.3 
10.0 

42.6 
39.9 
45.2 

31.4 
26.3 
26.2 
23.7 
20.0 

39.1 
30.0 
28.1 
22.8 
22.1 

34.9 

1 
1 

18.0  2S.7   s.^."; 

40.4 

32.6 
28.1 
29.2 

27.4 
24.0 
21.8 
19.0 
15.9 

25.2 
21.5 
22.1 
18.5 
16.1 

32.5 

21.4    20.3    21   0    .^4  0    32  7 

32.5 

9  inches 



29.9 

16.1 

21. 8|  34.4   30.9 

i 

28.7 

Lawton,  Okla.:                j 

3  inches    ' 

19.3 
17.9 
16.2 
13.8 

ia6 

..... 
..I.. 

33.7 

6  inches                      '         L.  . 

! 1 

29.6 

9  inches 1 

.. 

1 

30.0 

12  inches 1 

'" 

25.9 

15  inches 1 

22.7 

Dalhart,  Tex.:                  1         1 
3  inches 1 

3Z8 

6  inches 1 

28.0 

9  Inches 1 

'  " 



28.5 

12  inches L    - 

1 i 

27.5 

1         1 

1 

21.3 

Amarillo,  Tex.: 

3  inches 

61.1 
51.4 

1.8 

19  n 

ZO 

3.2 
1.3 
3.2 
1.3 

1 

1 

4H  inches 

26.8 

9.1;  23.2 

11.5' 

5.7|  36.2 
6.6i  27.3 

39.7 
33.7 
29.2 

1 

1 

«28.9 

27.2 

6  inches       

25.2   53.2 
19.5   46.9 

1 

9  inches 

1      . 

1  "     1 

»27.0 

29.0 

12  inches 

43.7 
) 

?.'>  4 

1 

' 1 

risons 



.......            _ 

Average  (56  compai 

^T| 

29.3 

1  5-year  average  yield,  1916  excluded. 
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Table  12. — Annual  and  average  yields  of  kafir  varieties  at  different  plant  spacings 
in  wide  rows  (80  to  88  inches  apart)  at  six  experiment  stations  in  stated  years, 
compared  with  average  yields  from  the  same  number  of  plants  per  acre  grown  in 
ordinary  rows — Continued 

SUNRISE  KAFIR 


Acre  yield  (bushels)  in— 

Ordi- 
nary 

'Station,  and  distance 
of  spacing  in  row 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

Aver- 
age 

same 
years 

Woodward,  Okla.: 

3  inches 

21.3 
24.1 
24.1 
23.4 
21.1 

11.8 
11.9 
9.2 
13.7 
13.5 

27.1 
23.9 

21.1 
25.7 
24.7 

28.3 
32.6 
32.4 
32.6 
30.7 

32.4 
33.3 
32.1 
26.1 
26.2 

i          \ 

24.2 

28.6 

25. 2       29. 5 

9  inches 

1 

23. 8       28. 7 

12  inches 

1       "       .    '"       ; 

24.  31      28. 3 

15  inches 

; j 

23.  2       28.  ^ 

Average  (25  comparisons 

) 

24.1 

28.7 

REED  KAFIR 


Lawton,  Okla.: 

3  inches 

2.8 
3.6 
3.9 
2.6 
1.8 

22.8 
13.5 
10.7 

27.1 
26.1 
23.3 



17.  e'      16. 4 

6  inches 

14. 4       14. 9 

9  inches 

12.  6       15. 1 

12  inches 

8.4   22.0 
4.5!  21.0 

11. 0       14. 4 

15  inches 

9. 1       12. 6 

) 

12. 9       14. 7 

PINK  KAFIR 


Hays,  Kans.: 

3  inches 

■ 

1 

38.91  46.1 
36.8!  34.6 
32.71  32.3 
38.  Oi  30.2 

63.5,  31.9  26.1    29.9 
46.3   31.8'  30.4!  33.5 
46.0   26.6!  24. 2j  31.1 
45.3    24.7'  18. 9^  .31.4 

39.0 
29.6 
38.6 
25.1 

37.9 
34.7 
33.1 
30.5 

39.1 

6  inches 

i     ' 

37.3 

9  inches 

33.7 

12  inches                     .    . 

32.1 

Average  (28  comparisons 

) 

34.1 

35.6 

DWARF  KAFIR 


ChiUicothe,  Tex.: 

4  inches 

! 

1 

0       23.2 
4.5   22.9 

0    1  16. 1 

33.1 
31.4 

20.1 
l.-^.Q 

14.5 

18.2 
18.1 

.     1?.6 

17.1 

8  inches 

16.0   ..'  .       i 

16.9 

8  inches  (eowpeas 
between)  . 

.30.9    11.8 

A. .: ! 

16.9 

Average  (10  comparisons 

) 

18.2 

17.0 

BLACKHULL  KAFIR 


Lawton,  Okla.: 

3  inches 

19.3 

19. 3       29.  S 

6  inches 

17.9 

17. 9       26.  5 

9  inches 

'  16.2 

16.  2       20.  9 

12  inches 

...  .    13.8 

13.  8       19. 1 

15  inches 

1  10.6 

10.6       15.4 

Average  (5  comparisons) 
Weighted  average  fl39  c 

15. 6'      22. 3 

Dmparisons.  all  kafir  varieti 

es) 

24.8'      27.7 

Dawn  kafir  grown  in  ordinary  and  in  widely  spaced  rows  at  Hays, 
Xans.,  is  shown  in  Figures  4  and  5. 

In  the  experiments  with  Dawn  kafir  the  wide-row  spacing  was  out- 
yielded  on  the  average  by  the  ordinary  row  spacing  in  all  comparisons 
except  in  the  3-inch  and  9-inch  plant  spacings  at  Hays,  Kans.,  and  the 
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4%  inch  spacing  at  Amarillo,  Tex.,  The  weighted  average  yield  for 
all  experiments  in  15  station  years  is  25.7  bushels  for  the  wide  spacing 
of  rows  and  29'.3  bushels  for  the  ordinary  spacing.  This  difference  of 
3.6  bushels  shows  that  Dawn  kafir  can  not  utilize  additional  space  to 
as  great  an  extent  as  can  milo.  Dawn  kafir  apparently  is  not  well 
adapted  to  growing  in  widely  spaced  rows,  at  least  under  favorable 
conditions,  because  the  plants  are  too  small. 

Sunrise  kafir  was  grown  in  widely  spaced  rows  at  Woodward, 
Okla.,  during  five  seasons  and  produced  an  average  yield  of  24.1 
bushels  per  acre  in  comparison  with  28.7  bushels  in  the  ordinary 
spacing.  Smaller  differences  were  obtained  with  Reed,  Pink,  and 
Dwarf  kafirs,  but  Blackhull  kafir  during  one  season  at  Lawton  pro- 
duced 6.7  bushels  per  acre  more  from  ordinary  than  from  wide  spacing. 

The  w^eighted  average  yield  of  all  of  the  139  kafir  experiments  in 
widely  spaced  rows  is  24.8  bushels  per  acre.  The  average  for  ordinary 
spacing  of  the  rows  under  the  same  conditions  is  27.7  bushels  per  acre. 
Under  conditions  similar  to  those  under  which  these  experiments  were 
conducted  a  reduction  of  10  per  cent  in  the  yield  of  kafir  may  be 
expected  from  growing  it  in  widely  spaced  rows  instead  of  ordinary 
row^s.  The  reduction  in  yield  may  be  wholly  or  partly  made  up, 
however,  by  the  increased  yield  of  the  crop  following  the  sorghums  in 
the  widely  spaced  rows. 

The  spacing  within  the  row  showed  no  regular  or  consistent  effect 
upon  the  differences  in  yield  from  widely  spaced  and  ordinary  rows. 

Stover  and  fodder  yields  of  all  grain  sorghums  usually  are  much 
lower  from  widely  spaced  than  from  ordinary  rows  {9,  10,  12,  H). 

FETERITA 

The  yields  obtained  wdth  Standard  feterita  in  widely  spaced  rows 
at  Chillicothe,  Tex.,  are  shown  in  Table  13.  The  average  yields 
from  the  wide  spacing  are  2.6  bushels  per  acre  less  than  from  ordinary 
spacing.  This  is  a  reduction  in  yield  of  about  10  per  cent.  There  is 
a  much  greater  reduction  if  a  row  of  cowpeas  is  grown  in  each  blank 
row  between  the  widely  spaced  rows. 

Table  13. — Annual  and  average  yields  of  feterita  grown  at  different  spacings  in 
wide  rows  80  inches  apart  at  Chillicothe,  Tex.,  from  191S  to  1922,  inclusive, 
compared  with  the  average  yields  from  the  same  number  of  plants  per  acre  grown 
in  ordinary  rows 


Acre  yield  (bushels)  in 

- 

Distance  of  spacing  in  rows 

1918 

1919 

1920 

1921 

1922 

Average 

Ordinary 
spacing, 

same 

years 

4  inches.. 

2.1 
3.3 
1.3 

31.5 
28.9 
22.8 

35.2 
32.8 
29.2 

30.1 
22.1 
18.3 

25.9 
27.9 
22.9 

25.0 
23.0 
1&9 

27.4 

8  inches 

25.8 

8  inches  (cowpeas  between) 

25.8 

PAIRED    ROWS   DOUBLE    SPACED 


A  variation  of  the  wide  spacing  of  rows  consists  in  seeding  rows 
in  pairs  at  the  ordinary  spacing  but  leaving  a  double  space  between 
pairs.  This  provides  one  and  one-half  times  as  many  rows  as  double 
spacing,  but  only  two-thirds  as  many  as  ordinar}^  spacing  of  rows. 
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Dwarf  Yellow  milo,  Dwarf  kafir,  Pink  kafir,  and  Standard  feterita 
were  grown  in  paired  rows,  widely  spaced  between  pairs,  at  single 
stations  during  3,  5,  or  7  years.  The  yields  in  this  Experiment  are 
shown  in  Table  14,  The  milo  yielded  1.5  bushels,  or  5.6  per  cent  less 
per  acre  than  the  ordinary  rows;  Dwarf  kafir  yielded  1.1  bushels,  or 
5.5  per  cent  less;  pink  kafir  0.2  bushel,  or  0.6  per  cent  less;  and 
feterita  4.1  bushels,  or  12.7  per  cent  less  from  this  method  of  spacing. 
There  was  a  weighted-average  decrease  in  yield  of  1  bushel  per  acre 
or  3.2  per  cent  for  all  varieties  as  a  result  of  the  crop  being  grown  in 
this  way  instead  of  in  ordinary  rows.  In  extremely  dry  seasons,  when 
soil  moisture  is  deficient  or  when  stands  are  too  thick,  the  yields 
sometimes  are  increased  by  sowing  the  crop  in  paired  rows,  double 
spaced  between  pairs,  or  by  cultivating  out  every  third  row  sown  in 
the  ordinary  manner.  Widely  spaced  rows  for  fields  with  a  scanty 
moisture  supply  at  seeding  time  have  been  recommended  by  Finnell  (4)- 

Table  14. — -Annual  and  average  yields  of  Dwarf  milo,  Dwarf  kafir,  Pink  kafir,. 
and  feterita  grown  at  different  spacings  in  ordinarily  spaced  paired  rows,  double 
spaced  between  pairs,  at  three  experiment  stations  in  stated  years,  compared  with 
the  average  yields  f ram  the  same  number  of  plants  per  acre  grown  in  ordinary  rows- 

DWARF  MILO 


Acre  yield  (bushels)  in— 

Station  and  distance  of  spacing 
in  row- 

1919 

1920 

1921 

1922 

1C23 

1924 

1925 

1926 

Average 

Ordinary 
spacing 

same 

years 

Woodward,  Okla.: 
4  inches 

6.8 
13.2 
10.1 
11.6 
10.6 

6.1 
5.0 

7.7 
8.2 
11.1 

29.6 
34.1 
34.5 
36.0 
31.8 

23.3 
30.8 
33.2 
27.3 

46.5 
45.8 
47.6 
47.9 

22.5 
25.8 
'     26.6 
26.2 
24.5 

25.0 

8  inches 

25.8 

12  inches             . . 

27.3 

16  inches 

28.6 

20  inches 

24.3  1  44.7 

26.2 

Average 

1 

25.1 

26.6 

i 

1            1 

DWARF   KAFIR 


Chillicothe,  Tex. 
6  inches 


29. 2     16.  0     11. 5 


20.  a 


PINK  KAFIR 


Hays,  Kans.: 

4  inches 

40.8 

50.4 

56.3 

33.7 

30.8 

31.3 

26.9 

• 

38.6 

39.1 

8  inches 

i  44.8 

33.9 

49.2 

33.0 

30.7 

35.6 

36.6 

37.7 

37.3 

12  inches 

37.0 

32.3 

45.8 

25.9 

28.4 

32.6 

37.6 

34.2 

33.7 

16  inches 

!  30.4 

i 

31.6 

44.2 

25.9 

24.0 

30.5 

31.5 

31.2 

32.1 

Average 



35.4 

35.6 

FETERITA 


Chillicothe,  Tex. 
6  inches 


20.  0  i  28.  8 


28.1 


32.2 


DATE-OF-SEEDING  EXPERIMENTS 

Date-of-seeding  experiments  with  three  or  more  varieties  of  grain 
sorghum  are  reported  for  each  of  the  nine  experiment  stations.  All 
seedings  were  made  at  15-day  intervals  at  all  the  stations  with  the 
exception  of  some  at  Hays,  Kans.,  which  were  made  at  lO-day  in- 
tervals.    The  dates  shown  are  only  the  approximate  dates  of  seeding. 
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but  in  nearly  all  experiments  the  actual  seeding  was  done  within  three 
da.js  of  the  dates  given.  Dry  or  wet  soil  prevented  the  crop  from 
being  sown  on  all  dates  planned  in  some  experiments. 

YIELD  RESULTS 

DWARF    YELLOW   MILO 

Dwarf  Yellow  milo  was  grown  in  d a te-of -seeding  experiments 
during  three  years  or  more  at  all  nine  experiment  stations.  The 
yields  obtained  are  shown  in  Table  15.  Average  yields  from  four 
or  more  dates  of  seeding  are  shown  from  all  stations  except  Hays, 
Kans.,  and  Amarillo,  Tex.  Seeding  on  May  15  produced  the  highest 
average  yields  at  Law  ton,  Okla.,  Chillicothe,  Tex.,  and  Tucumcari, 
N.  Mex.;  that  on  May  25  at  Hays,  Kans.;  that  on  June  1  at  Garden 
City,  Kans.,  and  Amarillo  and  Big  Spring,  Tex.;  and  that  on  June 
15  at  Woodward,  Okla.,  and  Dalhart,  Tex.  This  shows  a  range  of 
one  month  for  the  optimum  date  of  seeding  in  the  entire  area,  with 
these  dates  centering  around  June  1.  A  difference  of  15  days  in 
seeding  time  affected  the  average  yields  only  slightly  at  most 
stations.  July  1  seeding  is  too  late  for  all  stations,  especially  where 
injury  by  chinch  bugs  or  frost  is  Ukely  to  occur. 


Table  15. — Annual  and  average  yields  of  Dwarf  Yellou 
seeding  experiments  at  nine  experiment  stations 

}  milo  obtained  in 
,  in  stated  years 

date-of- 

Acre  yield  (bushels)  in— 

Station  and  date  of  seeding 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

19201921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

°"^a^T' 

.  ..i 

17.1 
15.6 
18.7 

L8 
5.1 
7.  7 

May  15 

May  25    . 

n.6 
15.9 
0 

25.6  43.3 
17.  6  57.  3 

30.5 

44  3  25.  4 

3L0 

63."9 
35.8 

26.8 
33.0 
34.0 
26.3 

16.1 
23.6 
30.3 
28.5 

37  8 

42.1 
38.4 
37.4 

"o" 

L8 
2.7 

11.0 
14.5 
18.5 
14.2 
15.5 
16.1 

0 
0 

'4.'8 

4.0 
7.6 
3.3 

127.3 

37.6  31.3.... 
32.  5  25.  0  29.  6 

»27.4 

23.2 

49.0 

13.819.4 
0     20.7 

1 
2.2  21.4 
11. 2  19. 7 
10.316.2 
lL6n.6 

10. 7!  6.  2 
6.7   5.6 
20.916.6 
22. 0  18.  2 
32.  4  18.  8 

»25.0 

June  15  ..     -                .  .. 

Garden  City,  Kans: 

May  15 

12.3 
24.1 
16.8 

110.0 

June  1 

U4.7 

June  15 

»13.1 

July  1                   

10.3  U2.0 

Woodward,  Okla.: 

Apr.  15 

17.5 
21.9 
22.4 
27.6 
27.6 
14.3 

4.7 
4.8 
4.8 
3.8 
3.5 
0 

5.8 
2.1 
1.5 
1.8 
5.5 
10.9 

21.8 
19.9 
35.0 
42.2 
31.2 
30.3 

43.3 
42.7 
42.2 
38.2 
26.6 
13.8 

42.7 
45.9 
57.1 
46.3 

18.0 
13.4 
22.0 
28.4 
57.6 
55.3 

12.8 
20.3 
24.0 
15.3 
12,2 
18.4 

34.1 
39.5 
25.7 
42.7 

29.1 
39.6 
37.0 
50.8 
51.4 
37.4 

36. 4  « 17. 3 

Alay  1 

15.8 
&3 
9.6 

35. 41  » 18. 3 

May  15 

42. 3!  »  24. 7 

June  1.     . 

41.  8|  '  27. 6 

June  15 

54.  6l  >  33.  2 

Julvl 

25.  2  10.  4  32. 7 

40.2 

»27.3 

Lawton,  Okla.: 

Apr.  15 

20.8 

\iay  1      . 

22.6 

May  15 

23.7 

June  1 

19.1 

June  15 

14.1 

July  1 ' 

.... 

10.7 

Dalhart,  Tex.: 

May  1 

39.5 
32.0 
35.4 
37.3 

2., 

17.5 

'9.'5 
1L4 

15.0 
8.8 
27.5 
40.5 
26.3 

22.0 
20.5 
22.9 
23.8 
8.6 

20.2 

25  5 

<28.4 

May  15 i 

23. 6  26. 8i  <  28. 2 

June  1 . j 

25.  5  28.  8;  <  31.  8 

June  15 

21.  4  34. 11  <  35.  2 

July  1  .         -      . 

25.0 

27.1 

Amarillo,  Tex.: 

Mav  15 

30.0 
3L4 
28.0 

60.9 
72.9 
63.9 

3.2 
10.0 

a4 

38.8 
17.9 
37.5 

3.0 
5.0 
3.8 

20.9 
50.4 
23.4 

65.6 
4&6 
62.9 
4a  3 
44.6 
34.0 

26.1 

June  1  --  .    .. 

8L8 

.... 

27.5 

*''»""•- -- 

52."8 
50.2 
44.3 

22.2 

29.*8 
25.2 
19.7 

0 

39.8 
27.2 
32.5 
27.6 

6.2 

13.4 
36.7 
28.2 
38.6 
38.4 
17.6 

n.6 

7.9 

9.6 
18.7 
14.1 

0 

0 

"4."6 

n.8 

14.5 
17.8 

1!:! 

10.3 
23.7 
28.8 
30.2 

May  1 

»27.i 

May  15 '■    . 

(29.6 

June  1 

«29.7 

June  15........................ 

35. 3  »  27. 3 

July  1           .. 

26.  3l » 17. 3 

July  15 .... 











.... 



1 8-year  average,  1912, 1914, 1915, 1919. 1920, 1022, 
1023,  and  1925. 
>  5-year  average,  1922-1926. 


» 10-year  average,  1917-1926. 

*  7-year  average,  1919-1921  and  1923-1926. 

» 6-year  average,  1919  and  1922-1926. 
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Table  15. — Annual  and  average  yields  of  Dwarf  Yellow  milo  obtained  in  date-of- 
seeding  experiments  at  nine  experiment  stations,  in  stated  years — Continued 


Acre  yield  (bushels)  in— 

Station  and  date  of  seeding 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

19191920 

19211922 

1923 

1        1 
1924192511926 

Aver- 
age 

Chillicothe,  Tex.: 

Apr.  1 

10.9 
11.6 

8.4 

1.6 

0 

0 

28.2 

17.  I'lfi  ."i 

1.8 
2.8 
.8 
6.6 
6.7 
3.7 
7.3 

i 

1 

14.9 

Apr.  15 

May  1 

.... 

17.7  19.812.7 
35.7  19.8  11.6 
37.7128.4   7.6 
29.3  39  3i  0 

""■ 

12.9 

15,3 

May  15 

16  4 

June  1 

15  1 

June  15 

47.0   0 

0 
0 

13  3 

.--. 

""" 

— 

10  1 

July  1 

55.0 

0 

12  5 

Tucumcari,  N.  Mex.: 

May  1 

in  ^ 

11.6 

91  n 

6.5 
14.3 

12  7 

May  15 

June  1 

.... 

.... 

.... 

10.8 
19.0 
14.6 

'6.'6 

Ifi  7 



14.7 
12.6 
14.6 
9.4 

i4.5.-..ii2.3 
16.3  22.9  10.5 

11.4  12.0   6.7 
S8127    r,  4 

«12.1 
6  11.6 

June  15 

9.4  19.0   7.8|  5.9   9.810.5:12.6 
6  7  1Q  n    8  4i   F,  4  12  Q    S  S  19!  0 

6 10  6 

July  1 

17  0  23  s! 

•  10  0 

■ 

«  8-year  average,  1916, 1919, 1920,  and  1922-1926. 


DAWN    KAFIR 


Yield  results  with  Dawn  kafir  obtained  at  eight  experiment  stations 
are  shown  in  Table  16.  May  1  proved  to  be  the  best  date  of  seeding 
at  Lawton,  Olda.,  where  chinch-bug  injury  occurs.  Seeding  on  May 
15  at  Hays,  Kans.,  Woodward,  Okla.,  and  Amarillo  and  Big  Spring, 
Tex.,  produced  the  highest  average  yields,  as  did  seeding  on  June  1 
at  Garden  City,  Kans.,  and  Tucumcari,  N.  Mex.,  and  in  the  experi- 
ments of  the  Office  of  Forage  Crops  and  Diseases  at  Hays,  Kans. 
Seeding  on  June  15  was  best  at  Dalhart,  Tex.  Thus  May  15  to 
June  1  appears  to  be  the  approximate  optimum  time  of  seeding  for 
the  entire  area,  in  the  absence  of  chinch  bugs,  as  six  of  the  eight 
stations  produced  the  highest  yields  from  seedings  made  during 
that  period.  The  average  yield  from  the  June  15  seeding  at  Dal- 
hart was  only  2.3  bushels  per  acre  higher  than  the  average  yield 
from  the  June  1  seeding. 

Table  16. — Annual  and  average  yields  of  Dawn  kafir  obtained  in  date-of-seeding 

experiments  at  eight  experiment  stations  in  stated  years 

[The  data  for  1913  are  omitted  because  of  crop  failure] 


Acre  yield  (bushels)  in— 

Station  and  date  of  seeding 

19121914 

1 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver 
age 

Hays,  Kans.: 

May  5 

1 

21.3 
11.8 
11.3 
9.0 
7.5 

3.1 

6.9 
7.1 
23.4 
11.2 

May  15.. 

May  25 

June  5 

June  15 

30.0;.... 

26.3.... 
11.4;.... 

62.4 
59.3 
37.2 



:::: 

26.9 
35.3 
31.1 

49.2 
45.5 
27.8 

34.8 

29.-i 
25.0 

36.1 

47.'9 
51.6 

39.8 
38.1 
26.4 

0 
0 

'2.' 7 

132.4 
131.8 
123.8 

Hays,    Kans.   (forage-crop    experi- 
ments):? 
May  1 

7.2 
9  0 

29.1 

62.9 
65.1 
42.7 
9.6 

4.3 

3.2 
1.3 
0 
0 

1.8 

1.8 

0 

0 

0 

3.0 
5.9 
10.2 

8.4 
0 

May  15 

36.1 
47.9 
51.6 
0 

36.2 
35.7 
34.8 
25.0 

39.8 
38.1 
26.4 
3.2 

0 
2.3 

2.5 
0 

0 
0 

3  19*8 

June  1 

7.4 
19.3 
0 

20.3 

8  2l's 

June  15 

2  7|  3 18  9 

July  1 

" 

" 

0 

21.0 
21.4 
18.8 
22.3 

9    3  1*7 

Garden  City,  Kans.: 

May  15.... 

14.3 
27.0 
20.9 

4.5 
13.0 
9.9 
6.8 

4.0 

7.5 
11.3 
18.2 

4  1  <  13  2 

June  1 

4  1!  4  15  3 

June  15 

5.6  *  I'l  -^ 

July  1 

0 

4  10  8 

Woodward,  Okla.: 

May  1 

1 
i 

12.2 
23.5 
25.3 
22.5 

35.1 
39.1 
36.8 
38.4 
23.6 

32.7 
38.6 
34.8 
29.4 

21.0 

May  15 

1 

27.2 

June  1 

" 

27  1 

June  15 

■ 

.... 

.... 

27.1 

July  1 

1 

1  7-year  average,  1912,  1915, 1919,  1920,  1922,  1923,  and  1925. 

2  Experiments  conducted  by  R.  E.  Getty,  OflSce  of  Forage  Crops  and  Diseases. 
2  8-year  average,  1914-1918  and  1924-1926. 

*  5-year  average,  1922-1926. 


EXPERIMENTS  WITH  GRAIN  SORGHUMS 


29 


Table  16. — Annual  and  average  yields  of  Dawn  kafir  obtained  in  date-of-aeeding 
experiments  at  eight  experiment  stations  in  stated  years — Continued 

(The  data  for  1913  arc  omitted  because  of  crop  failure] 


Acre  yield  (bushels)  in— 

Station  and  date  of  seeding 

1912 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

19241925 

im^T 

Lawton,  Okla.: 

Apr.  15 

Mayl 

May  15 

.... 

.... 

.... 

7.8 
10.4 
13.0 

.... 

29.3 
27.5 
34.2 
35.5 
21.1 
12.5 

5.7 

4.6 

13.9 

26.4 

19.2 

29.5 
33.5 
35.6 
28.2 
16.7 

26.3 

11.0 
34.8 
13.1 
11.0 

0 

0 

30,. 

1.8 
7.5 
8.6 
2.7 

I 

22. 1 

12.9 

"8.'9 
0 

15.8 
7.5 
3.2 
0 
0 

° 

29.1 
31.6 
31.8 
37.0 
22.1 

1 

22.9'.... 

20.9.... 
22.6...- 
19. 1 

15.2 
19.1 

18.8 

15.4 
19.7 
18.4 

June  1 

18.0' 

19. 4     17.  7 

June  15 

July  1 

.... 

.... 

.... 

.... 

21.0 
0 

:;:: 

26.8 
9.9 

21.6 
21.8 
31.8 
36.4 
14.3 

35.0 
41.3 
30.4 
20.0 
10.5 

16.11     14.2 

21. 4'      7.  ft 

Dalhart,  Tex,: 
Mav  1 

27.9 
25.2 
20.7 
29.8 
20.0 

*26  4 

May  15 

27.  9  34.  5 

'26.7 

June  1.. 

21.8 
32.1 

40.7 
25.7 

»27.3 

June  15 

»29.6 

July  1 

Amarillo,  Tex.: 

Mav  15 

— 

26.8 

56.3'  0 

21.2 
5.4 
19.0 

2.1 
1.3 
1.6 

36.2 
34.3 
37.8 

42.3 
38.9 
45.3 

23.8 

June  1 

15.8  57.1   4.0 

17.9  49.fi!  7..'i 

19.7 

June  15.. 

22.2 

Big  Spring,  Tex.: 

Apr.  15 

"" 

11.0 

20.' 9 
9.4 
4.0 

0 

21.6 
16.9 
21.6 
14.3 

2.3 

15.0 

1  8 

12.1 
15.4 
14.8 
14.0 
20.4 

9.4 
16.3 
19.6 
23.7 
24.8 
17.7 

Mavl 

23.5   2.7 
15.9   4.9 
15.4    9.6 
21.6.... 
17.7.... 
9.9 

•22.5 

May  15 

«22.6 

June  1 ., 

33.  0  34.  8 
30.  3  22.  3 
22.032.5 

i     . 

•21.7 

June  15 

•21.0 

July  1 

«  16.0 

July  15. 

Tucumcari,  N.  Mex.: 
May  15 

15. 6' 17.1 
18.4  16.2 
11.1|13.1 
0       0 

June  1 

"""" 



— -. 



1.4 
16.3 
17.9 



21.9 
16.8 
0 

14.5 

June  15 

14.3 

Juiyl.. 

i.5 

» 7-year  average,  1922  omitted. 


•  5-year  average,  1919,  1922,  1923,  1925,  and  1926. 


Table  17. — Annual  and  average  yields  of  Sunrise  kafir  obtained  in  date-of- seeding 
experiments  at  five  experiment  stations  in  stated  years 


Station  and  date  of 
seeding 

Acre  yield  (bushels)  in— 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Garden  City,  Eans.: 

May  15 

10.3 
30.3 
2L1 

7.8 

8.6 
4.3 
6.7 

n.3 

17.7 
10.2 

18.3 
23.3 
16.1 
14.8 

8.5 
4.2 
9.6 
13.4 
12.9 
9.4 

14.3 
4.1 
0 
0 
0 
0 

40.2 
42.4 
27.2 
29.0 

13.7 
15.1 
13.0 
25.2 
33.1 
34.7 

28.6 

1.8 
9.9 
1.8 
0 

ILO 
14.5 
15.8 
20.1 
29.2 
9.3 

13.2 
11.1 
15.6 
0 

23.6 
27.9 
33.2 
37.0 
44.7 
35.9 

16.1 
19.1 
20.9 
19.1 
18.8 
25.0 

25.9 
23.6 
20.2 
24.1 
13.0 

12.1 
16.5 
16.9 
15.9 
7.0 

16.8 

June  1 .... 

23.4 

June  15 



16.4 

July  1 

10.3 

Woodward,  Okla.: 

Apr.  15 

Mayl 

1  28.9 

17.1     25.9 

2.6 
7.2 
6.5 
9.3 
4.3 
3.6 

10.4 
12.5 
28.7 
26.8 
25.0 
25.9 

17.0 
24.6 
4L0 
30.5 
40.2 
25.0 

31.5 
32.9 
37.0 
37.5 
28.2 
25.4 

15.6 
116.9 

May  15 

June  1 

June  15 

July  1 

n.3 

9.9 

3L2 

28.3 

15.4 

7.8 

>22.3 

»23.9 

25.1 

18.7 

Lawton,  Okla.: 

Apr.  15 

19.7 

May  1 



22.1    

15.1 

May  15 

1 

24.1 
17.3 
26.8 
22.3 

30.4 
33.0 
33.4 
27.3 
19.3 

'26."  i" 

1L4 

ao 

3.1 

15.0 

June  1 

......--—. 

I 

12.1 

June  15 

i 

15.2 

July  1 

...       ..i...... 

16.8 

Dalhart,  Tex.: 

May  1 

28.2 

May  15 1 ' 

1 

28.3 

June  1 1 1 

26.8 

June  15 < i 

:::::::::::: 

2,').  7 

July  1 L.  . 

...... 

16.2 

Tucumcari,  N.  Mex.:                      1 

May  1 1 

8.0 
12.1 
6.5 
3.5 
5.8 

12.9 
12.3 
9.5 
2.9 
2.0 

22.1 
14.8 
15.6 
18.3 
12.6 

Mav  15 1 1 

15.2 

June  1 ...j 

n.8 

9.7 

July  1              1 

6.1 

i           i 

i 

1  Averages  for  the  10  years,  1917-1926.  inclusive. 
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SUNRISE    KAFIR 

The  yields  of  Sunrise  kafir  obtained  in  date-of-seeding  experiments 
at  five  field  stations  are  shown  in  Table  17.  The  highest  average 
yields  were  secured  from  seeding  on  April  15  at  Lawton,  Okla.,  on 
May  15  at  Dalhart,  Tex.,  and  Tucumcari,  N.  Mex.,  on  June  1  at 
Garden  City,  Kans.,  and  on  June  15  at  Woodward,  Okla.  The  results 
are  not  very  definite,  owing  to  an  apparent  range  of  two  months  in 
optimum  dates  of  seeding  at  five  stations,  but  in  general  May  15  to 
June  1  appears  to  be  approximately  the  optimum  time  for  seeding 
Sunrise  kafir.  The  average  yields  from  seeding  before  or  after  those 
dates  probably  are  not  significantly  larger  at  any  station,  except  at 
Lawton,  where  chinch  bugs  are  the  determining  factor. 


REED    KAFIR 


Reed  kafir  was  grown  in  date-of-seeding  experiments  during  five 
or  six  years  at  each  of  six  stations.  The  results  obtained  are  shown 
in  Table  18.  Seeding  on  May  1  produced  the  best  yields  at  Lawton, 
Okla.,  that  on  May  15  at  Dalhart  and  Big  Spring,  Tex.,  that  on  June  1 
at  Garden  City,  Kans.,  and  Tucumcari,  N.  Mex.,  and  that  on  June  15 
at  Woodward,  Okla.  The  average  best  date  for  most  stations  where 
chinch  bugs  were  not  present  probably  would  fall  between  May  15 
and  June  1. 

Table  18. — Annual  and  average  yields  of  Reed  kafir  obtained  in  date-of-seeding 
experiments  at  six  experiment  stations  in  stated  years 


Station  and  date  of  seeding 


Acre  yield  (bushels)  in— 


1921        1922        1923        1924        1925        1926      Average 


Garden  City,  Kans.: 

May  15 

June  1 

June  15 

Woodward,  Okla.: 

Apr.  15 

May  1 

May  15 

June  1 

June  15 

July  1 

Lawton,  Okla.:  i 

Apr.  15 1        7.7 

May  1 1      25.0 

May  15 i      21. 8 


38.0 
40.7 
41.5 
31.6 


June  1. 

June  15 

July  1 , 

Dalhart,  Tex.: 

May  1 

May  15 

June  1 

June  15 

July  1 

Big  Spring,  Tex.: 

Apr.  15 

May  ]... 

May  15 

June  1 

June  15 

July  1 

July  15 

Tucumcari,  N.  Mex.: 

May  15 

June  1 

June  15 , 

July  1 

July  15 


1.8 

0 

0 


19.6 
18.3 


8.8 
15.0 
19.8 
26.0 


4.8 
16.1 
9.3 
3.0 
0 
0 

30.9 
24.8 


8.9 
0 

0 

25.0 
26.4 

28.8 
17.3 
6.8 


13.0 
23.3 
17.5 


4.4 
15.2 
25.4 
27.6 


21.1 
10.4 

0 

0 

0 

0 


40.6 
41.0 
31.3 


8.5 
5.0 

5.7 


21.0 

16.5 
16.5 
10.7 
29.7 
19.0 
10.7 

13.3 
16.6 
8.7 
4.9 
2.0 


25.4 
18.9 
25.5 
34.0 
38.2 

41.0 
34.0 
29.1 
26.3 
25.9 
18.8 

34.8 
42.5 
38.0 
32.9 
0 

5.1 
8.9 
12.5 
20.6 


0 
0 
4.0 

13.4 
20.4 
16.4 
15.0 
29.5 
13.7 


28.8 
32.7 
30.0 
13.0 
0 


16.5 
18.5 
14.5 
15.0 
22.3 


8.5 

14.4 

6.2 

18.0 

3.5 

14.9 

3?  5 

45.6 

23.8 

39.6 

24.3 

41.6 

28.1 

49.8 

33.1 

39.8 

20.6 
16.1 
20.6 
21.9 
13.0 


20.6 

13.4 

6.2 

1.2 


28.3 
21.1 
24.4 
22.9 
26.8 
25.0 

28.9 
25.2 
19.5 
22.0 
0 

20.1 
31.1 
37.3 
34.4 
28.1 
21.6 


20.6 
21.3 
16.9 
10.8 
10.5 
8.8 

130.8 
133.5 
129.2 
122.6 
0 


16.3 
18.3 
19.4 
13.4 
0 


2  22.3 
S24.7 
S22. 1 
2  22.5 
U7.4 


15.7 
14.1 
10.3 
4.4 


1  3-year  average,  1924-1926. 


»  4-year  average,  1922-1923  and  1925-1926. 
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STANDARD    FETERITA 

Yields  from  date-of-seeding  experiments  with  standard  feterita  are 
•shown  for  eight  experiment  stations  in  Table  19.  Seeding  on  May 
15  shows  the  highest  average  yields  at  Tucumcari,  N.  Mex.,  that  on 
June  1  at  Hays,  Kans.,  and  Dalhart,  Tex.,  and  on  June  15  at  Wood- 
ward, Okla.,  and  Amarillo,  Big  Spring,  and  Chillicothe,  Tex.,  and 
that  on  July  1  at  Garden  City,  Kans.  Thus  the  seeding  on  June  15 
appears  to  give  the  best  results  at  four  of  the  eight  stations,  and  the 
yields  from  other  seedings  at  the  remaining  stations  probably  are  not 
significantly  greater. 

Table  19. — Annual  and  average  yields  of  Standard  feterita  obtained  in  date-of- 
seeding  experiments  at  eight  experiment  stations  in  stated  years 


Acre  yield  (bushels)  in— 

Station  and  date  of  seeding 

1912 

1913 

1914 

191£ 

1 
.19M 

I 
^917 

j 
19U 

191S 

1 
19201921 

1922 

.^ 

1924;i92j 

1926 

Aver 
age 

Hays,  Kans.: 

Mayl 

16.8 

99  fi 

1 

!  9  8 

'  8  6 

6  n 

i 

May  15 

26.6 

i__ 

18.3  32.5'  7.312.7  8.8 

39.  3  38. 8 

7  ? 

•21.3 

June  1 

28.142.6   3.610.4   6.8 
19.4  19.7   5.911.8  8.9 

' 

' 

?0  3 

'33.8  51.3'  3.0 

'  22.6 

June  15 

1 

1 

!41.  3  64. 9  10.  2 

1  21.0 

July  1 

21. 3  12.91  3.9,  6.0   0 

1 

0 

20.5 
17.0 
16.1 
16.1 

35.4  36.214.8 

121.4   0    I  0 
136. 1   0    !  0 
29.0  6.117.0 
134.4   0     21.9 

Garden  City,  Kans.: 
May  15 

1 
1 

14.6 
:39.3 
31.6 

18.8 
16.5 

>8.4 

June  1 

»12.0 

June  15 

«17.4 

Julyl 

.       1       . 

»17.8 

Woodward,  Okla.: 
Apr.  15... 

1 

....1  — - 

1 

1 

36.4 
39  0 

Mayl 

18.7 

35  7 

25.2  39.2 
37.  5  39.  2 
39.  2  39. 2 
46.6  41.2 

5.6 
5.6 
13.7 
28.4 
19.6 
15.4 

30.7 
24.6 

i8."2 
1&2 

6.0 
16.1 

15.5 
18.8 
12.9 

20.7 
20.5 
26.8 
36.8 
29.8 

16.1 
16.4 
20.4 
32.9 
30.3 
33.4 

22.3 
20.7 
21.4 
25.4 
20.4 

?.  4 

»19.1 

May  15 

6.7 
15.8 
16.8 
13.3 

9.4 

18.9 
32.3 
32.3 
29.3 
21.6 

34.2 
34.2 
48.2 
29.0 
24.9 

24.8 
20.2 
21.8 
18.4 
22.7 

»22.2 

June  1 

?7  6 

»25.4 

June  15 

25.3 

»33.3 

July  1-  .. 

43.4 
41.7 

28.3 
19.7 

32.7 

27.5 
51.6 
27.9 

»26.7 

July  15 

...J.... 

»21.6 

Dalhart,  Tex.: 

Mayl 

<23.9 

May  15 

<24.2 

June  1 

June  15 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

<30.8 
<27.6 

Julyl 

Amarillo,  Tex.: 
May  15 

1 
14  537  5 

7  7 

21.3 
22.1 
29.4 

2.5 

in  Q 

15.7 

June  1 

" 

19.2  53.915.0 
30.0  51  .113.9 

4.  3  21. 4 
9.132.9 

22.7 

Juno  IS 

27.8 

Big  Spring,  Tex.: 
Apr.  15 

.... 

0 

20.3 
17.6 
33.8 
23.2 
13.6 

16.1 
21.6 
13.3 
9.8 
24.1 
14.3 
11  0 

1.3 

.9 

2.7 

17.4 

"7.'9 
12.7 
11.2 
11.2 
14.5 

12.1 
16.8 
17.4 
17.9 
20.7 
24.3 

Mayl 

•16.7 

May  15 

*15.3 

June  1 

»  18.2 

June  15 

•19.8 

July  1 

*16.7 

July  15. 

Chillicothe,  Tex.: 
Apr.  1 

14.8 

I";  Q 

11.4 

n  R 

10.2 
3.2 

7.4 
7.9 
8.3 
12.4 
1L3 

17.2 

Apr.  15... 

12.  7  44. 8 
13. 6  20.  n 

14.317.3 

29.  3  18. 8 
33.  6  15.  2 

30.  4  22.  3 
37.  019  5 

18.5 

Mayl 

17.8 

May  15 

3.9 
0 
0 
0 

33.3 
33.3 
26.6 
48.4 

18.8 

June  1 

18.9 

June  15 

19.1 

Julyl ; 

0 

0 

11.9 

Tuciuncari,  N.  Mex.: 

Mayl 

12.3 
12.9 
14.3 
11.6 

1... 

1Z7 

Vo 

8.7 
7.1 

i7."8 
13.4 
12.0 
9.8 

i2."3 
8.5 
6.9' 

10.3 

i 

14.5 

las 

14.5 
12.5; 
11.2 

May  15 

12.4 

June  1 

11.5 

June  15 

10.3 

Julyl 

lai 

1 

1  Nine-year  average,  1912, 1914-1918,  and  1924-1926. 
«  Five-year  averngo,  1922-1926. 
*  Seven-year  average,  1920-1926. 


*  Five-year  average,  1921  and  1923-1926. 

<  Four-year  average,  1922, 1923,  1925,  and  1928. 
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DWARF    FETERITA 


Dwarf  feterita  was  included  in  date-of-seeding  experiments  during 
two  or  three  years  at  each  of  five  experiment  stations.  The  yields 
obtained  are  shown  in  Table  20.  The  average  yields  are  in  favor  of 
the  May  1  seeding  at  Lawton,  Okla.,  the  June  1  seeding  at  Big  Spring, 
Tex.,  and  Tucumcari,  N.  Mex.,  and  the  June  15  seeding  at  Woodward, 
Okla.,  and  Dalhart,  Tex.  If  the  results  from  Lawton,  Okla.,  where 
chinch  bugs  are  the  determining  factor,  are  omitted,  the  best  date  for 
seeding  Dwarf  feterita  apparently  lies  between  June  1  and  June  15. 


Table  20. 


■Annual  and  average  yields  of  Dwarf  feterita  obtained  in  date~of-seeding 
experiments  at  five  experiment  stations  in  stated  years 


[The  data  for  1925  are  omitted  because  of  crop 

failure] 

Station  and  date  of  seeding 

Acre  yield  (bushels)  in 

- 

1923 

1924 

1926 

Average 

Woodward,  Okla.: 
May  1 

0 

15.7 
14.7 
20.9 
11.3 
4.5 

13.8 
13.1 
12.5 

18.8 

9  4 

May  15 

12.6 
13.7 
30.1 
28.5 
23.8 

16.4 
31.3 
27.8 

14.2 



14.2- 

June  15 

25  5 

July  1 

19.9 

July  15           .             

14.2 

Lawton,  Okla.: 

Apr.  15 

3.3 
11.0 
14.3 
13.4 
18.1 
17.0 

11.2 

May  1 

18  5 

May  15 

18.2 

June  1 

14.  8             22. 4 

16.  9- 

June  15-... - 

11.3 
0 

17.7 
29.6 
31.3 

19.4 
13.1 

20.0 
20.7 
1Q  8 

16.3 

July  1 

10.0 

Dalhart  Tex.: 

May  1 

18.9 

May  15 '      .. 

25.2 

June  1.  .  -. 

25  6 

June  15 

28. 0             23.  fi 

25.8 

Julyl.. 

27.8 

11.4 
15.2 

15.8 
25.9 
18.7 
13.6 
11.0 

6.2 
11.6 
10.6 
6.1 
3.6 

5.2 

9.1 

6.9 
16.1 
7.9 

16.5 

Big  Spring,  Tex.: 

Apr.  15... 

10.  S 

May  1 

11.1 

May  15... 

16.0 

June  1 

16.9 

June  15 

Julyl 

July  15 

Tucumcari,  N.  Mex.: 

May  1 

May  15 

8.7 
10.7 
12.7 
10.7 

10  2 

June  1 

10.7 

June  15 

9.4 

Julyl 

7  2 

MISCELLANEOUS    VARIETIES 

The  yields  obtained  in  date-of-seeding  experiments  with  Blackhull 
kafir,  Spur  feterita,  Manchu  Brown  and  Blackhull  kaoliangs,  and 
Freed  sorghum  are  shown  in  Table  21.  These  experiments  are  not 
very  extensive  with  any  variety,  but  the  results  are  at  least  indica- 
tive. As  might  be  expected,  at  Lawton,  Okla.,  Blackhull  kafir  pro- 
duced the  highest  average  yields  from  the  earliest  seeding.  At 
Chillicothe,  Tex.,  Blackhull  kafir  yielded  best  from  the  June  1  seeding. 
Spur  feterita  at  Big  Spring,  Tex.,  yielded  best  from  the  June  1  seeding. 
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Table  21. — Annual  and  average  yields  of  miscellaneous  grain-sorghum  varieties 
grown  in  date-of-seeding  experiments  at  seven  experiment  stations  in  stated  years 


Variety,  station,  and  date  o( 
seeding 

Acrey 

eld  (bushels)  In- 

1 
19121913 

1 

1914 

1916 

... 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

19251926 

Aver, 
age 

BLACKHVLL  KAnR 

Lawton,  Okla: 

Apr  15 

11.0 
27.1 

'11 

0 
0 

4.1 
9.3 
8.0 
.9 
0 
0 

13.1 
4.1 
0 
0 
0 
0 

25.6 

17.3 
19.6 
20.3 
27.6 
13-.  1 

24.1 
19  9 

16.6 

I^fay  1 

14.0 

May  15 

-...18.2 
....18.4 
....;23.3 

12.1 

June  1 

8.9 

June  15 ... 

10.2 

July  1 

&0 

Chillicothe,  Tex.: 

Apr.  1 

16.1 
14.8 
47.1 
47.0 
56.8 
65.6 
47.9 

32.1 
38.0 
25.9 
39.8 
37.2 

0 

0 

6.3 

3.4 

0 

0 

0 

0 

0 

8.7 
6.2 
4.6 
.9 
&4 
4.7 
7.1 

16.8 

Apr  15  .                        ... 

' 

16.6 

May  1 

— 

19.4 

May  15 

21.9 

June  1    - 

26.6 

June  15 

"* 

15.1 

July  1 

I 

13.8 

SPUR  FKTERITA 

Big  Spring,  Tex.: 

Apr.  15 

12.9 

May  1 

14.511.8 

13.2 

May  15 

ia314.5 
15.9  20.9 
15.914.5 
12. 11.^  0 

16  4 

18.4 

June  15 

15.2 

July  1 

12.6 

MANCHU  BROWN  KAOLIANG 

Hays,  Kans.: 

May  15 

32.0 

28.4 
25.9 
31.0 

21.1 
20.7 
27.3 

38.2 
50.4 
23.0 

40.4 
48.2 
6L3 

• 

32.9 

May  25 

19.3L... 

7.41-— 

31.9 

June  5 

1 

20.6 

Amarillo,  Tex.: 

May  15 

4.6 
6.8 
3.6 

15.9 
2.5 
8.9 

2.7 
3.2 
6.5 

16.6 

7.1 

28.6 

6.7 
23.5 
23.9 
25.9 

t 

1&7 

June  1 

1 

14.8 

June  15 

20.9 

BLACKHULL  KAOUANO 

Woodward,  Okla.: 

May  1 

20.1 

a?  n 

6.9 
16.6 
17.4 
23.0 
14.7 
16.8 

i  "  " 
1 

17.4 

May  15..  . 

31.6  37.6 

33.2  40.5 
42. 1  42.  1 
35.  6  35.  3 

36. 3  24. 4 

26. 3  a.*;.  5 

27  2 

June  1 

"" 

... 

28.7 

June  15 

33  3 

July  1 

July  15 

Dalhart,  Tex.: 

May  1 

30.9 

May  15 

3a4 
2&8 
3L6 

30.9 
21.6 
31.4 

30.7 

June  1 --..-. 

1 

24  2 

June  15 

" 

"" 

31.5 

FREED  SORGHUM 

Hays,  Kans.: « 

May  1 

2a6 
26.4 
26.5 
31.6 
27.4 

11.3 
16.6 

ia4 

26.9 
24.7 
1L3 
14.8 

27.3 
23.1 
22.3 
26.4 

«,.» 

13.9 
21.4 
26.8 
30.5 
25.7 

0 

0 

12.4 
9.6 
11.6 
14.5 
14.3 

9.1 
12.1 
17.0 
15.0 
16.6 

ia8 

6.4 

6.3 
5.2 
7.3 
•7.0 
6.4 

3.4 
6.0 
7.1 
6.5 
12.4 
10.1 
6.6 

4.1 
16.2 
13.9 
10.7 

9.8 

May  15 

26. 5!  19.  3 

19  n 

17.0 

June  1.—.......,.......,... 

23.8 

21.8  19.810.0 
21.2  27,6,14.6 
27.918^211.^7 

16.7 

June  15 

.... 

19.2 

July  1 

19.6 

17.3 

Chflllcothe,  Tex.: 

Apr.  1 

3.2 
8.1 
6.3 
6.0 
6.0 
1.6 
0 

&2 

Apr.  15 

ISLO 

May  1 

l&l 

May  15 

1 

1&6 

June  1 

1A7 

June  16 

&8 

July  1 

A9 

lEzperiments  from  1914  to  1918  were  conducted  by  R. 
and  reported  in  Department  Bulletin  No.  1260  {14). 


E.  Oetty,  Office  of  Forage  Crops  and  Diseases, 
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Manchu  Brown  kaoliang  yielded  best  from  the  May  15  seeding  at 
Hays,*Kans.,  and  the  June  15  seeding  at  Amarillo,  Tex.  Blackhull 
kaoliang  produced  the  highest  average  yields  from  the  June  15  seed- 
ing at  Woodward,  Okla.,  and  Dalhart,  Tex.  Thus  at  three  of  the 
four  stations  where  kaoliangs  were  grown  in  the  experiments,  the 
June  15  seeding  was  most  favorable. 

Freed  sorghum  produced  the  highest  average  yields  from  the 
June]  15  seeding  at  Hays,  Kans.,  and  the  June  1  seeding  at  Chilli- 
cothe,  Tex. 

AGRONOMIC  DATA 

DWARF   YELLOW    MILO 

The  agronomic  data  from  the  date-of-seeding  experiments  with 
Dwarf  Yellow  milo  at  Woodward,  Okla.,  are  shown  in  Table  22. 
The  actual  spacings  obtained  indicate  that  there  sometimes  was 
difficulty  in  securing  satisfactory  stands  from  the  April  15  seeding. 
Most  of  the  stands  obtained  were  too  thick  for  the  highest  yields. 
When  the  average  stands  were  similar,  as  shown  by  the  spacings 
in  the  seedings  from  May  15  to  July  1,  inclusive,  the  average  number 
of  heads  per  plant  was  approximately  the  same,  except  in  the  July  1 
seeding.  The  thinner  stands  of  the  April  15  and  May  1  seedings 
resulted  in  more  heads  per  plant  than  occurred  in  the  later  seedings. 

Table  22. — Annual  and  average  agronomic  data  obtained  in  date-of-seeding  ex- 
periments with  Dwarf  Yellow  milo  grown  at  Woodward,  Okla.,  from  1917  to 
1926,  inclusive 

ACTUAL  SPACING  (INCHES) 


Date  of 

seeding 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Apr.  15 

May]l 

Mayjl5 

June  1. 

June  15 

July  1 

18.84 
14.67 
9.70 
9.64 
9.19 
10.22 

62.38 
14.08 
1L27 
8.43 
8.14 
10.77 

16.54 
17.20 
9.93 
11.  65 

7.78 
7.77 

14.26 
8.37 
7.02 
6.46 
6.65 
6.15 

10.46 
13.10 
8.03 
6.64 
8.17 
7.77 

18.30 
8.06 

10.68 
7.97 
7.62 
9.10 

21.09 
10.17 
6.62 
6.48 
6.97 
6.19 

9.33 
7.68 
10.39 
10.62 
6.84 
6.79 

14.00 
7.38 
8.62 
8.19 
8.66 
6.77 

15.18 
11.93 
12.80 
13.23 
12.60 
12.47 

20.04 

n.26 

9.49 
8.93 
8.16 
8.40 

HEADS  PER  PLANT 


Apr.  15. 
May  1.. 
May  15- 
June  1.. 
June  15. 
July.l-- 


2.77 
2.53 
1.72 
1.38 
L20 
L35 


3.23 

L60 

L71 

1.49 

L43 

LOl 

LIO 

1.00 

L37 

L13 

L20 

L43 

2.07 

.96 

.68 

L19 

.97 

1.35 

.61 

L46 

L38 

L33 

L20 

.79 

1.41 

L07 

L45 

.36 

L88 

1.21 

1.32 

L14 

.97 

L50 

.97 

L33 

.64 

1.22 

L23 

1.46 

LOS 

LOS 

1.41 

L03 

L65 

.69 

L20 

L23 

1.18 

L24 

.94 

L07 

.92 

L44 

L67 
L34 
L24 
L21 
L20 
L13 


GRAIN  PER  PLANT  (POUND) 


Apr.  15. 
May  1.. 
May  15- 
June  I.- 
June 16- 
July  1-- 


0.130 

.127 
.086 
.105 
.100 
.057 


0.142 
.011 
.007 
.006 
.017 
.046 


).142 

0.101 

0..119 

0.077 

0.062 

0.059 

0.060 

0.204 

.134 

.044 

.203 

.021 

.023 

.071 

.042 

.147  i 

.137 

.061 

.117 

.086 

.043 

.124 

.062 

.199  i 

.194 

.071 

.132 

.068 

.047 

.119 

.046 

.211  ' 

.095 

.150 

.166 

.097 

.044 

.102 

.053 

.246 

.092 

.134 

.114 

.091 

.025 

.087 

.042 

.163 

0.109 
.082 
.092 
.100 
.107 


GRAIN  PER  HEAD  (POUND) 


Apr.  15 
May  1- 
May  15 
June  1- 
June  16 
July  1.. 


0.047 

0.044 

0.089 

0.  059 

0.080 

0.054 

0.051 

0.054 

0.  060  1 

.050 

.010 

.112 

.031 

.098 

.022 

.039 

.060 

.043  ! 

.050 

.011 

.094 

.044 

.088 

.072 

.055 

.088 

.058 

.076 

.016 

.103 

.059 

.100 

.060 

.048 

.079 

.047 

.083 

.027 

.078 

.122 

.114 

.090 

.042 

.072 

.051  ' 

.042 

.067 

.077 

.109 

.097 

.073 

.027 

.081 

.046  1 

0.149 
.109 
.137 
.159 
.149 
.113 


a  069 
.057 
.070 
.075 
.083 
.073 
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Table  22. — Annual  and  average  agronomic  data  obtained  in  date-of-seeding  ex- 
periments with  Dwarf  Yellow  milo  grown  at  Woodward,  Okla.,  from  1917  to 
1926,  inclusive — Continued 

HEADS  PER  ACRE 


DAYS  FROM  PLANTING  TO  MATURITY 


Apr.  16 

May  1 

169 

127 

136 

133 

121 

156 

136 

133 

136 

133 

138 

160 

112 

122 

117 

109 

139 

126 

120 

122 

124 

125 

May  16 

148 

120 

110 

105 

99 

126 

HI 

114 

116 

113 

116 

Junel 

132 

107 

100 

105 

105 

110 

111 

101 

106 

108 

109 

June  15 

112 

102 

97 

114 

105 

101 

125 

101 

102 

101 

106 

Julyl 

101 

124 

100 

9S 

119 

117 

123 

122 

109 

115 

113 

HEIGHT  OF  PLANTS  (FEET) 


Apr.  15. 
ISlay  1. 
May  15 
June  1-, 
June  15, 
Julyl.. 


3.0 

3.0 

4.0 

4.. 

4.8 

3.0 

3.0 

4.0 

4.5 

5.1 

3.5 

2.6 

3.5 

4.8 

4.9  1 

4.0 

2.8 

3.8 

3.5 

5.5  I 

4.8 

3.0 

3.5 

4.2 

4.5  ; 

4.5 

2.8 

3.8 

4.9 

6.0 

2.3 
2.3 
3.1 
3.2 
4.0 
3.1 


2.9 

3.1 

2.7 

4.1 

2.7 

3.6 

2.6 

4.0 

3.5 

4.0 

3.3 

4.2 

3.3 

3.7 

3.2 

4.6 

3.3 

4.1 

3.5 

5.0' 

3.1 

4.7 

3.8 

4.6  j 

3.4 
3.5 

3.7 
3.8 
4.0 
4.0 


ERECT  HEADS  (PER  CENT) 


Apr.  15. 

ivfay  1.. 
May  15. 
June  1.. 
June  15. 
Julyl.. 


69.0 

91.3 

89.4 

79.8 

75.5 

88.8 

98.9 

99.1 

86.8 

79.6 

62.2 

99.7 

94.0 

93.8 

68.7 

93.7 

100.0 

98.4 

94.5 

86.6 

57.4 

98.8 

99.4 

99.0 

90.6 

93.4 

99.2 

98.2 

81.3 

71.6 

62.6 

100.0 

98.8 

98.4 

93.6 

91.6 

97.3 

97.5 

94.5 

78.4 

70.5 

100.0 

99.5 

94.7 

61.0 

94.1 

98.3 

94.9 

100.0 

83.6 

74.2 

81.8 

98.6 

70.3 

96.1 

99.2 

92.1 

90.7 

96.4 

82.8 

ACRE  YIELDS  OF  GRAIN  (BUSHELS) 


84.8 
89.2 
88.9 
90.3 
89.7 
88.2 


Apr.  15 17. 6 

Mayl I  21.9 

May  15 1  22.4 

Junel '  27.6 

June  15 1  27.6 

Julyl 14.3 


5.8 

21.8 

18.0 

29.1 

10.7 

6.2 

16.1 

11.0 

36.4 

2.1 

19.9 

13.4 

39.6 

6.7 

6.6 

23.6 

14.5 

35.4 

1.5 

35.0 

22.0 

37.0 

20.9 

16.6 

30.3 

18.5 

42.3 

1.8 

42.2 

28.4 

50.8 

22.0 

18.2 

28.5 

14.2 

41.8 

6.6 

31.2 

57.6 

51.4 

32.4 

18.8 

37.8 

15.5 

54.6 

la. 

30.3 

55.3 

37.4 

25.2 

10.4 

32.7 

16.1 

40.2 

17.3 
18.3 
24.7 
27.6 
33.2 
27.3 


ACRE  YIELDS  OF  FORAGE  (TONS) 


Apr.  15. 
May  1.. 
May  15. 
June  1.. 
June  15. 
Julyl.. 


1.80 

0.93 

1.97 

1.88 

1.77 

0.98 

0.56 

1.43 

1.25 

2.10 

2.56 

1.10 

1.63 

1.76 

2.56 

.86 

.49 

2.10 

1.24 

2.18 

2.39 

.94 

2.81 

2.93 

2.63 

1.54 

1.61 

2.25 

1.58 

2.63 

2.66 

1.31 

3.49 

3.86 

4.05 

1.46 

2.61 

2.23 

1.40 

2.99 

2.78 

1.36 

3.01 

5.66 

3.79 

2.29 

2.66 

2.97 

1.94 

3.51 

2.67 

i 

..77 

2.50 

4.69 

3.09 

1.95 

1.84 

3.40 

1.61 

3.48 

1.47 
1.65 
2.13 
2.69 
2.98 
2.69 


WEIGHT  PER  BUSHEL  (POUNDS) 


Apr.  15 
May  1. 
May  15 
June  1. 
June  15 
July  1.. 


60.0 

56.5 

69.0 

56.0 

67.5 

59.0 

68.0 

68.0 

60.6 

66.0 

68.0 

56.5 

57.0 

58.6 

58.5 

57.6 

69.0 

66.0 

57.6 

57.0 

58.0 

60.0 

59.6 

68.0 

60.6 

55.6 

59.6 

57.0 

56.0 

60.0 

59.0 

68.5 

58.0 

66.6 

69.0 

68.6 

53.0 

59.5 

68.0 

58.2 

68.0 

56.0 

89.0 

67.0 

52.0 

57.0 

55.0 

63.2 

58.0 
57.7 
68.0 
58.2 
67.6 
55.0 
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The  size  of  heads  and  the  number  of  heads  per  acre  were  greater 
for  the  seedings  of  May  15  and  later  dates  than  for  those  made  on 
April  15  and  May  1.  The  June  15  seeding  produced  the  most  and 
the  largest  heads  and  consequently  the  highest  yield  of  grain.  The 
tallest  stalks  and  the  greatest  forage  yields  were  produced  from  the 
June  15  and  July  1  seedings.  The  differences  in  weight  per  bushel 
of  grain  were  not  significant  except  for  the  July  1  seeding,  which 
produced  some  immature  grain  with  a  lower  weight  per  bushel. 

The  number  of  days  from  planting  to  maturity  decreased  with  later 
dates  of  seeding  up  to  and  including  the  June  15  seeding.  The  crop 
from  the  July  1  seeding  headed  and  ripened  during  cooler  weather 
and  was  slower  in  maturing  than  the  June  1  and  June  15  seedings. 

Grain  sorghums  are  tropical  or  warm  temperate  plants  and  make 
the  best  growth  at  rather  high  temperatures.  Milo  sown  in  April  or 
early  May  makes  its  early  growth  under  temperature  conditions 
below  the  optimum.  Early-sown  milo  reaches  the  heading  stage  during 
July  when  the  temperatures  are  highest  and  moisture  frequently 
deficient,  and  the  crop  matures  before  it  is  able  to  utilize  late  rains. 

Milo  seeded  in  late  May  or  in  June  makes  its  vegetative  growth 
during  the  warmest  weather.  It  usually  reaches  the  heading  stage 
in  August  after  the  temperature  has  decreased  slightly  and  produces 
larger  stalks  and  heads  than  the  plants  headed  during  the  period 
of  higher  temperature.  At  Woodward  the  highest  yields  of  Dwarf 
Yellow  milo  in  the  date-of-seeding  experiments  were  obtained  from 
seedings  which  headed  during  periods  in  which  the  average  mean 
temperatures  had  dropped  slightly  below  80°  F.  during  8  of  the 
10  years. 

SUNRISE    KAFIR 

The  agronomic  data  for  Sunrise  kafir  in  date-of-seeding  experiments 
at  Woodward  are  shown  in  Table  23.  Good  stands  were  obtained 
on  nearly  all  plots  except  the  one  sown  x'^pril  15,  1918.  The  largest 
number  of  heads  per  plant  and  per  acre  was  secured  from  the  May 
15  seeding.  The  largest  heads  and  the  tallest  stalks  were  produced 
from  the  last  three  seedings.  The  seedings  of  May  15,  June  1,  and 
June  15  produced  the  highest  yields  of  forage  and  the  heaviest  kernels. 

Table  23. — Annual  and  average  agronomic  data  obtained  in  a  date-of-seeding  test 

with  Sunrise  kafir  grown  at  Woodward,  Okla.,  from  1917  to  1926,  inclusive 

ACTUAL  SPACING  (INCHES) 


Date  of 
seeding 


1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

11.79 

180.00 

16.74 

20.35 

12.60 

12.17 

12.97 

13.30 

17.90 

13.17 

17.20 

21.07 

19.32 

12.76 

14.89 

10.52 

13.19 

12.84 

14.31 

16.61 

11.08 

16.57 

13.18 

11.54 

14.66 

10.70 

12.05 

12.90 

13.41 

12.00 

13.42 

16.29 

13.76 

12.60 

11.22 

9.51 

12.49 

13.50 

15.60 

15.75 

?} 

15.83 

12.17 

12.32 

12.69 

11.18 

11.92 

12.04 

13.06 

14.65 

(») 

15.92 

12.79 

11.94 

12.46 

11.13 

13.28 

11.94 

14.14 

15.59 

Aver- 


33.23 
15.06 
13.00 
13.41 
12.87 
13.24 


Apr.  15, 
May  1- 
May  15 
June  1-. 
June  15 
July  1.. 

Apr.  15 
May  1- 
May  15 
June  1. 
June  15 
July  1.. 


HEADS  PER  PLANT 


2.54 

2.86 

1.14 

1.85 

1.16 

0.97 

0.87 

1.31 

1.01 

1.19 

2.99 

1.68 

1.16 

2.41 

1.52 

.96 

.72 

1.57 

1.10 

1.66 

2.41 

1.28 

1.69 

2.51 

1.91 

1.31 

.91 

1.84 

1.30 

1.19 

1.77 

1.07 

1.15 

1.88 

1.52 

1.03 

1.21 

1.78 

1.10 

1.39 

s 

.76 

1.50 

1.61 

1.13 

1.16 

.99 

1.48 

1.59 

1.67 

.55 

1.50 

1.08 

1.45 

1.01 

1.15 

1.09 

.93 

1.39 

1.37 
1.41 
1.55 
1.35 
1.31 
1.13 


1  Nine-year  average  (1918-1926)  for  actual  spacing,  heads  per  plant,  grain  per  plant,  grain  per  head,  and 
heads  per  acre. 
«  Not  mature;  no  counts  taken. 
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Table  23. — Annual  and  average  agronomic  data  obtained  in  a  daie-of-seeding  test 
with  Sunrise  kafir  grown  at  Woodward,  Okla.,  from  1917  to  1926,  inclusive — 
Continued 

GRAIN  PER  PLANT  (POUND) 


Date  of 
seeding 


iwr 


Apr.  15 0.152 

Mayl I      .176 

May  15 ;      .135 


June  1. 

June  15 

Julyl 


.149 


ms 

1019 

1920 

1921 

0.186 

0.068 

0.137 

0.155 

.000 

.095 

.128 

.193 

.042 

.149 

.186 

.212 

.060 

.145 

.150 

.164 

.027 

.119 

.195 

.140 

.023 

.131 

.117 

.125 

1922 


0.042 
.018 
.028 
.042 
.078 
.044 


1923 

1924 

1925 

1926 

0.044 

0.071 

0.077 

0.035 

.022 

.077 

.081 

.178 

.046 

.066 

.083 

.144 

.065 

.134 

.123 

.199 

.060 

.157 

.149 

.220 

.049 

.164 

.052 

.177 

Aver- 
age 


0.091 
.094 
.106 
.120 
.127 


GRAIN  PER  HEAD  (POUND) 


Apr.  15. 
May  1- 
May  15. 
June  1.. 
June  15. 
Julyi:. 


1    0.053 

0.065 

0.060 

0.074 

0.134 

0.043 

0.050 

0.054 

0.076 

0.029 

.059 

.036 

.082 

.051 

.127 

.019 

.030 

.049 

.074 

.114 

.056 

.033 

.088 

.074 

.111 

.021 

.050 

.036 

.064 

.121 

i      .084 

.056 

.126 

.080 

.108 

.041 

.054 

.076 

.112 

.143 

.035 
.041 

.079 
.087 

.121 
.108 

.124 
.086 

.067 
.044 

.061 
.043 

.106 
.150 

.094 
.056 

.140 
.127 

i 

1 

0.065 
.065 
.066 
.088 
.092 
.082 


HEADS  PER  ACRE 


Apr.  15. 
May  1.. 
May  15- 
June  I.- 
June 15- 
July  1.. 


30,714 
24,781 
31,007 
18,803 


2.265 
11,387 
11,013 
9,364 
6,845 
4,925 


8,560 
18,279 
11,914 
17, 571 
16, 719 


12, 959 
26, 925 
31.009 
21,  270 
18,629 
12,  89p 


13,  230 

14,  552 
18,  575 
19, 313 
12,694 
16,  589 


11.363 
13,009 
17,453 
15,441 
14,  791 
12, 937 


9.563 
7,782 
10,  766 
13,811 
11,840 
12,  345 


14,042 
17, 432 
20,334 
18,  797 
17,  525 
13,015 


8,044 
10, 958 
13,820 
10,052 
17, 356 

9,376 


12,882 
13, 389 
14, 137 
12,581 
15,278 
12, 710 


10,451 
13, 775 
17,265 
14,727 
14, 725 
12,390 


DAYS  FROM  PLANTING  TO  MATURITY 


Apr.'lS 
May  1. 

May  15 
June  1- 
June  15 
July^l-. 


179 

127 

139 

137 

121 

156 

143 

132 

131 

133 

163 

112 

124 

121 

115 

139 

126 

120 

119 

129 

150 

119 

110 

106 

110 

125 

111 

106 

119 

118 

132 

105 

101 

105 

106 

110 

119 

102 

115 

108  I 

112 

139 

97 

114 

105 

101 

125 

112 

110 

101  ! 

101 

133 

103 

98 

119 

117 

123 

128 

109 

m| 

140 
127 
117 
110 
112 
115 


HEIGHT  OF  PLANTS  (FEET) 


Apr.  15.. 
May  ].-. 
May  15.. 
June  1--. 
June  15-. 
Julyll... 


'        5.5 

5.0 

6.0 

6.5 

6.0 

3.7 

4.5 

5.5 

4.8 

5.5 

6.5 

6.2 

3.5 

3.9 

5.8 

4.5 

5.3 

6.0 

6.5 

3.6 

4.4 

6.0 

4.5 

5.0 

6.2 

6.1 

4.6 

4.1 

1        6.0 

3.8 

5.0 

5.9 

5.7 

5.2 

4.4 

1      0.0 

4.0 

6.0 

6.3 

5.9 

4.0 

4.8 

4.2 

5.9 

4.4 

6.1 

5.0 

5.9 

5.6 

6.9 

5.8 

6.8 

4.6 

6.4 

5.3 
5.2 
5.3 
5.4 
5.5 
5.4 


ACRE  YIELDS  OF  GRAIN  (BUSHELS) 


Apr.  15 

May  1 

28.9 

2.6 

10.4 

17.0 

31.5 

8.6 

8.5 

13.7 

11.0 

23.6 

15.6 

25.9 

7.2 

12.5 

24.6 

32.9 

4.3 

4.2 

15.1 

14.5 

27.9 

16.9 

May  15 

31.2 

6.5 

28.7 

41.0 

37.0 

6.7 

9.6 

13.0 

15.8 

33.2 

22.3 

June  1 

28.3 

9.3 

26.8 

30.5 

37.5 

11.3 

13.4 

25.2 

20.1 

37.0 

23.9 

June  15 

15.4 

4.3 

25.0 

40.2 

28.2 

17.7 

12.9 

33.1 

29.2 

44.7 

25.1 

Julyl 

7.S 

3.6 

25.9 

25.0 

25.4 

10.2 

9.4 

34.7 

9.3 

35.9 

18.7 

ACRE  YIELDS  OF  FORAGE  (TONS) 


Apr.  15. 
\Iay  1.. 
May  15 
June  1.. 
June  15 
Julyl.. 


3.49 

0.34 

1.60 

2.19 

2.05 

1.27 

1.00 

1.80 

1.25 

2.33 

3.63 

.98 

1.38 

3.11 

2.14 

.94 

.59 

2.44 

1.74 

3.04 

4.22 

1.55 

2.42 

3.79 

3.30 

1.24 

1.18 

2.29 

1.86 

2.93 

3.43 

1.10 

2.28 

3.19 

2.80 

1.58 

2.06 

2.44 

2.59 

3.41 

2.81 

.64 

2.45 

3.23 

1.88 

2.21 

1.39 

3.63 

3.13 

3.68 

2.63 

.76 

2.59 

2.14 

2.44 

1.43 

1.61 

3.39 

1.52 

4.46 

1.73 
2.00 
2.48 
2.49 
2.51 
2.30 


WEIGHT  PER  BUSHEL  (POUNDS) 


Apr.  15 

61.0 
60.0 
61.5 
62.0 

eas 

60.0 

58.0 
59.0 
59.0 
60.5 
62.0 
67.0 

61.0 
61.5 
61.5 
61.5 
60.5 
61.5 

57.5 

55.0, 

56.5 

56.0 

58.0 

60.0 

u 

57 
59 
59 
56 

60.5 
59.5 
59.5 
61.0 
61.0 
62.0 

59 
60 
60 
60 
60 
57 

58.0 
59.0 
60.0 
61.0 
61.0 
55.5 

59.1 

May  1.  .. 

59.0 

May  15 

60.4 

June  1 

60.1 

June  15 . 

60.3 

July  1 

58.6 
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The  period  from  planting  to  maturity  decreased  with  later  seeding 
dates  until  the  June  1  seeding,  after  which  the  period  from  planting 
to  maturity  increased.  pS 

The  conditions  affecting  Sunrise  kafir  are  very  similar  to  those 
mentioned  in  connection  with  Dwarf  Yellow  milo.  Sunrise  kafir 
required  one  to  six  days  longer  to  reach  maturity  at  Woodward 
and  even  longer  elsewhere.  It  makes  a  better  germination  and 
growth  at  low  temperatures,  and,  therefore,  probably  should  be 
sown  a  few  days  earlier  than  Dwarf  Yellow  milo. 

REED  KAFIR 

The  agronomic  data  for  Reed  kafir  in  date-of-seeding  experiments 
at  Woodward  are  shown  in  Table  24. 

Table  24. — Annual  and  average  agronomic  data  obtained  in  a  date-of-seeding- 
test  with  Reed  kaUr  grown  at  Woodward,  Okla.,  from  1922  to  1926,  inclusive 

ACTUAL  SPACING  (INCHES) 


Date  of  seeding 

1922 

1923 

1924 

1925 

1926 

Average 

Apr.  15 

13.73 
12.46 
12.80 
13.26 
13.29 
14.10 

7.96 
8.63 
6.90 
7.31 
6.36 
6.75 

May  1 

11.02 
11.10 
10.06 
10.63 

12.81 
12.08 
12.20 
11.73 

14.19 
12.85 
14.53 
11.61 
11.65 

11.82 

May  15 

11.15 

June  1. 

11.47 

June  15.  _- 

10. 72 

July  1 

HEADS  PER  PLANT 


Apr.  15 

.98 
1.04 
1.01 

.96 
1.34 

.86 

1.04 
.   1.08 
1.08 
1.05 
1.10 
1.06 

Mayl.. 

.85 
.95 
1.01 
.96 

.79 
.91 
1.02 
.96 

1.08 
1.13 
1.04 
1.09 
1.00 

.97 

May  15     . 

1.02 

June  1.. 

1.02: 

June  15 

1.09' 

July  1 

GRAIN  PER  PLANT  (POUNI?) 

Apr.  15 

0.073 
.100 
.082 
.078 
.154 
.076 

0.102 
.154 
.107 
.120 
.124 
.106 

May  1 

0.038 
.066 
.079 
.108 

0.022 
.072 
.121 
.128 

0.141 
.095 
.146 
.155 
.175 

0.091 

May  15.. 

.084- 

June  1 ._  . 

.109 

June  15 

.134- 

Julyl 

GRAIN  PER  HEAD  (POUND) 


Apr.  15 

0.074 
.096 
.081 
.081 
.115 
.088 

0.098 
.143 
.099 
.114 
.113 
.100 

Mayl-. 

0.045 
.069 
.078 
.113 

0.028 
.079 
.119 
.133 

0.131 
.084 
.140 
.142 
.175 

0.089 

May  15. 

.082 

June  1-. 

.106 

June  15 

.123 

July  1 

HEADS  PER  ACRE 


Apr.  15.. 

10, 175 
11,899 
11,249 
10,  321 
14,  374 
8,695 

18,  626 
17,841 
22.  314 
20, 477 
24, 657 
22,  387 

May  1.. 

10, 996 
12,201 
14,313 
12,875 

8,792 
10,  739 
11,919 
11,667 

10,851 
12,  536 
10,203 
13,384 
12,237 

12,076 

May  15 

13,  808 

June  1-. 

13,  447 

June  15 

15, 391; 

July  1  . 
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Table  24. — Annual  and  average  agronomic  data  obtained  in  a  date-of-seeding  test  with 
Reed  kafir  grown  at  Woodward,  Okla.,from  1922  to  1926,  inclusive — Continued 


DAYS  FROM  PLANTING  TO  MATURITY 


Date  of  seeding 

1922 

1033 

1924 

1025 

1026 

Average 

Ai».  16 

181 
117 
108 
102 
101 
100 

138 
128 
115 
108 
101 
123 

May  1 

139 
125 
110 
101 

128 
111 
112 
105 

126 
106 
100 
109 
128 

126 

May  15 

113 

June  1 

106 

JiinelS 

103 

July  1 

HEIGHT  OF  PLANTS  (FEET) 


Apr.  15                            

3.22 
3.35 
3.53 
5.10 
5.00 
4.10 

5.47 
4.97 
5.15 
5.63 
5.90 
5.42 

Mayl 

3.22 
3.53 
4.20 
4.78 

3.32 
3.80 
3.97 
3.78 

5.05 

4.87 
4.48 
5.03 
5.20 

3.98 

May  15 

June  1 

4.18 
4.68 
4.90 

Julyl                               

ACRE  YIELDS  OF  GRAIN  (BUSHELS) 

Apr.  15 

13.4 
20.4 
16.4 
15.0 
29.5 
13.7 

32.5 
45.6 
39.6 
41.6 
49.8 
39.8 

Mayl 

8.8 
15.0 
19.8 
26.0 

4.4 
15.2 
25.4 
27.6 

25.4 
18.9 
25.5 
34.0 
38.2 

20.0 

May  15                                    ... 

21.0 

Juriel 

25.5 

June  15.               

33.4 

July  1 

ACRE  YIELD  OF  FORAGE  (TONS) 

Apr.15 

1.46 
1.58 
1.91 
2.32 
2.43 
1,49 

3.32 
3.73 
3.15 
3.38 
4.33 
5.06 

Mav  1             ....              

1.09 
1.50 
1.95 
2.40 

0.51 
1.38 
2.88 
2.39 

2.03 
1.86 
1.69 
2.86 
2.69 

1.79 

May  15 

1.96 

Junel-             

2.44 

June  15 

2.88 

July  1 

WEIGHT  PER  BUSHEL  (POUNDS) 

Apr.15 

60.5 
60.0 
61.0 
59.5 
60.0 
57.0 

58.5 
59.6 
59.0 
61.0 
59.6 
55.0 

Mayl 

54.5 
57.5 
55.0 
57.0 

56 
57 
58 
58 

61.0 
61.0 
61.5 
62.5 
59.5 

58.2 

May  15 

59.1 

Junel 

59.0 

June  15 

59.4 

July  1      



The  average  spacings  secured  were  too  great  for  the  highest  yields 
of  Reed  kafir.  The  plants  produced  very  few  suckers  from  any  seed- 
ing. The  greatest  number  of  heads  per  plant  and  per  acre,  the  largest 
heads,  and  the  tallest  stalks  were  produced  from  the  June  15  seeding. 
This  date  of  seeding  produced  the  highest  acre  yields  of  Dwarf  Yellow 
milo  and  Sunrise  kafir,  as  well  as  of  Reed  kafir,  at  Woodward.  Reed 
kafir  matures. in  about  the  same  length  of  time  as  Dwarf  Yellow  milo 
at  Woodward,  but  in  other  localities  it  requires  considerably  longer 
than  does  Dwarf  Yellow  milo.  It  probably  can  grow  at  a  somewhat 
lower  temperature  than  milo  and  may  be  sown  earlier  without  reduc- 
tion in  the  yield  of  grain  in  most  sections. 

EFFECT  OF  VARIETY 

Varieties  of  grain  sorghums  differ  in  time  of  maturity,  in  growth 
at  low  temperatures,  and  probably  in  responses  to  light.  Feterita  is 
especially  sensitive  to  low  temperature  during  germination  and  early 
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growth,  whereas  Freed  sorghum  and  kaoliangs  can  grow  at  lower 
temperatures  than  the  other  grain  sorghums.  In  time  of  maturity 
the  order  of  earliness  for  the  grain-sorghum  groups  is  about  as  follows: 
Freed,  kaoliang,  feterita,  milo,  and  kafir.  The  earlier  the  variety  the 
later  it  can  be  sown  and  still  have  time  to  mature. 

Kafirs  should  be  sown  earlier  than  the  other  grain  sorghums 
mentioned  in  order  to  bring  the  crop  to  maturity  in  ample  time. 
Kafir  can  withstand  lower  temperatures  during  germination  than 
can  milo  and  feterita.  The  later  the  variety  of  kafir  the  earlier  it 
should  be  sown.  Dawn,  Sunrise,  and  Reed  kafir  are  only  slightly 
later  than  Dwarf  milo  and  need  not  be  sown  more  than  a  few  days 
earlier.  Feterita  and  kaoliang  should  be  sown  at  the  same  time  as 
or  a  few  days  later  than  the  optimum  for  milo. 
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-Average  yields  of  Dwarf  Yellow  milo  grown  in  date-of-seeding  experiments  during 
3  to  10  years  at  eight  experiment  stations 


Grain  sorghums  should  not  be  sown  so  late  that  there  is  danger  of 
frost  before  the  crop  will  mature,  but  in  general  the  seeding  should  be 
delayed  as  long  as  frost  injury  can  safely  be  evaded  in  the  northern 
portion  of  the  grain-sorghum  region.  Farther  south  the  seeding  should 
be  done  late  enough  so  that  the  crop  will  not  head  until  some  time  in 
August.  Sufficient  time  should  be  allowed  to  permit  the  crop  to 
recover  and  resume  growth  after  periods  of  drought,  which  often 
occur.  Seeding  also  should  be  early  enough  to  permit  reseeding  if  a 
stand  is  not  obtained.  The  land  should  be  prepared  early  and  kept 
free  from  weeds  to  conserve  moisture  while  seeding  is  being  postponed. 
Delayed  seeding  may  be  of  no  advantage  if  the  reserve  moisture  has 
been  exhausted  by  weed  growth. 
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EFFECT  OF  LOCATION 

The  average  yields  from  the  date-of-seeding  experiments  with  milo 
presented  in  Table  15  are  shown  graphically  in  Figure  6.  The  sta- 
tions are  arranged  in  the  order  of  the  ''corresponding  date,"  the 
earliest  station,  Lawton,  Okla.,  being  shown  at  the  top.  The  graph 
shows  that  milo  may  be  sown  too  early  as  well  as  too  late.  There 
appears  to  be  some  relation,  but  not  a  very  definite  one,  between  the 
optimum  seeding  date  for  milo  and  the  "corresponding  date"  or 
temperature  conditions  at  the  various  stations.  In  the  absence  of 
insects  or  other  disturbing  factors  Dwarf  Yellow  milo  may  be  seeded 
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Figure  7.— Average  yields  of  Dawn  kafir  grown  In  date-of-seeding  experiments  during  4  to  8 
years  at  seven  experiment  stations 

June  1  to  June  15  throughout  the  southern  Great  Plains  with  the 
expectation  of  obtaining  close  to  the  maximum  yield  for  the  season. 

The  average  yields  of  Dawn  kafir,  presented  in  Table  16  and  Figure 
7,  show  results  similar  to  those  obtained  with  milo,  except  that  the 
optimum  date  of  seeding  tends  to  be  earlier  and  the  relation  between 
date  of  seeding  and  optimum  date  is  more  definite.  The  highest 
yield  was  produced  from  seedings  made  on  either  May  15  or  June  1 
at  six  of  the  eight  stations. 

There  appears  to  be  some  relation  between  location  and  the  best 
date  of  seeding  for  grain  sorghums  in  the  southern  Gr«at  Plains. 
However,  the  air  and  soil  temperatures  are  lower  at  the  more  northern 
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stations  at  what  has  proved  to  be  the  best  seeding  time.  Early 
seeding  is  necessary  at  these  stations  because  there  is  a  greater  neces- 
sity for  speeding  up  the  maturity  of  the  crop,  in  order  to  avoid  injury 
from  cool  fall  weather  or  frost.  Too  early  seeding  at  the  southern 
stations  brings  the  crop  into  head  during  too  hot  weather  for  best 
development,  and  the  crop  matures  without  benefiting  from  any 
late  rains  which  may  occur. 

Early-sown  grain  sorghums  frequently  produce  a  second  crop  of 
grain  in  the  southern  part  of  the  United  States  when  moisture  is 
ample,  and  the  plants  send  up  new  stalks  from  the  roots  after  the 
first  crop  has  been  cut. 


MOISTURE 


The  moisture  supply  during  the  heading  period  is  an  important 
factor  affecting  the  yields  from  seedings  made  on  different  dates  in 
any  single  experiment  with  grain  sorghums.  Sieglinger  (10)  showed 
that  rains  usually  occurred  during  the  heading  period  of  those  milo 
plots  which  made  the  highest  yields  in  date-of-seeding  experiments. 
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Figure  8.— Length  of  day  (sunrise  to  sunset)  at  latitudes  30°,  35°,  and 
40°  north,  from  May  1  to  September  30 

Rainy  weather  produces  effects  in  addition  to  increasing  the  moisture 
supply,  such  as  lowering  the  temperature,  decreasing  evaporation, 
and  prolonging  the  period  of  heading  of  the  crop.  Rainfall  is  very 
irregular  in  its  distribution,  however,  and  can  not  be  depended  upon 
to  favor  seedings  made  on  definite  dates.  If  the  crop  is  sown  rather 
late  on  soil  in  which  the  moisture  has  been  conserved  it  may  benefit 
from  late  rains  which  the  early  sown  crop  misses  entirely. 


LENGTH    OF    DAY 


The  length  of  day,  or  photoperiodism,  has  a  marked  effect  upon 
the  growth  and  time  of  flowering  and  maturity  of  many  plants 
including  sorghums  (5).  The  length  of  day  during  the  growing 
period  of  sorghums  at  three  latitudes  is  shown  in  Figure  8.  It  will 
be  seen  that  in  order  to  have  the  same  length  of  day  for  any  seeding 
time  previous  to  June  21  the  seeding  would  need  to  be  done  much 
earlier  in  the  northern  latitudes  than  in  the  southern  ones.  On  the 
other  hand,  seeding  would  be  done  much  later  in  the  northern  lati- 
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tudes  to  have  crops  roach  the  heading  stage  during  the  same  day 
length  as  in  the  South.  The  crop  would  need  to  be  seeded  earlier 
in  the  South  in  order  to  receive  the  same  number  of  hours  of  daylight. 
The  extreme  variation  in  latitude  between  any  two  of  the  nine 
stations  for  which  data  are  shown  is  about  6°  43'  between  Big  Spring, 
Tex.,  and  Hays,  Kans.  There  is  a  difference  of  about  32  minutes 
in  day  length  during  the  longest  days.  This  is  equivalent  to  only 
about  3.7  per  cent  more  light  at  Hays  than  at  Big  Spring  when  the 
difference  is  greatest.  Such  small  differences  in  amounts  of  light 
can  not  be  detected  by  the  response  of  the  sorghum  crop  grown  in 
ranother  locality. 

The  yields  previously  presented  demonstrate  that  the  best  time  of 
seeding  within  the  southern  Great  Plains  bears  only  a  partial  relation 
to  latitude.  The  data  available,  therefore,  show  no  certain  relation 
between  the  optimum  date  of  seeding  and  the  length  of  day  at  seeding 
or  heading  time  within  the  area  where  the  experiments  were  conducted. 

TEMPERATURE 

In  limited  experiments  under  irrigation  at  Sacaton,  Ariz.,  and 
Bard,  Calif.,  it  has  been  found  that  higher  yields  are  obtained  from 
seeding  grain  sorghums  after  June  1  than  before  that  date.  The 
heads  from  June  seedings  at  Sacaton  are  larger  than  from  May 
-seedings  just  as  was  the  case  at  Woodward,  Okla.  The  difference 
is  not  due  to  soil  moisture,  because  that  factor  is  largely  eliminated 
by  irrigation.  Grain  sorghums  seeded  in  May  usually  reach  the 
heading  stage  in  July  during  the  hottest  weather  of  the  season,  while 
the  June  seedings  usually  head  in  August  when  the  temperature  is 
somewhat  lower.  A  comparison  of  the  temperature  at  heading  time 
with  the  yield  of  Dwarf  Yellow  milo  grown  at  Woodward,  Okla.,  is 
shown  graphically  in  Figure  9.  The  highest  yields  of  grain  were 
-obtained  from  seedings  which  headed  during  or  immediately  follow- 
ing periods  in  which  the  mean  temperature  had  dropped  slightly 
T^elow  80°  F.,  in  8  of  the  10  years.  The  crops  of  1919  and  1921  were 
the  exceptions  to  the  above  condition.  A  similar  comparison  for 
several  years  at  Tucumcari,  N.  Mex.,  does  not  show  any  relation 
between  yields  and  temperature,  but  the  temperatures  there  seldom 
"svere  above  a  mean  of  80°  F.  for  any  extended  period,  and  the  yields 
usually  were  low,  owing  to  drought.  Apparently  temperature  is 
an  important  factor  controlling  the  development  of  grain  sorghums 
during  the  vegetative  period.  It  probably  accounts  for  most  of  the 
variation  in  the  yield  of  grain  sorghums  in  date-of-seeding  experiments 
which  are  not  affected  by  drought  or  insects. 

EFFECT  OF  INSECT  INJURY 

Chinch  bugs  usually  cause  severe  injury  to  grain  sorghums  at 
Lawton,  Okla.,  and  occasionally  at  Hays,  Kans.  Chinch  bugs  will 
attack  grain  sorghums  during  any  part  of  the  vegetative  period  of  the 
plants,  but  the  older  and  less  tender  plants  are  better  able  to  with- 
stand the  attacks.  The  plants  in  the  earlier  seedings  at  Lawton  have 
been  largest  at  the  time  the  chinch  bugs  migrate  to  the  sorghum  fields 
and,  consequently,  show  the  least  injury  and  produce  the  highest 
yields.  The  late  seedings  at  Lawton  frequently  have  been  entirely 
'destroyed. 
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Just  as  the  chinch  bug  determines  the  date  of  seeding  grain  sorghums 
in  some  locaHties,  the  sorghum  midge  is  the  chief  factor  to  be  con- 
sidered throughout  the  Gulf  coast  district.  In  that  district  the  grain 
sorghums  should  be  seeded  as  early  as  possible,  in  order  to  be  past 
the  blooming  period  before  many  of  the  midges  have  emerged  [8). 
The  earliest  seedings  usually  show  the  highest  yields  under  conditions 
of  heavy  midge  infestation,  although  the  crop  would  be  much  better 
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FiGUKE  9.— Yields  of  Dwarf  Yellow  milo  in  the  date-of-seeding  experiments  at  Woodward, 
Okla.,  and  the  mean  temperatures  (in  5-day  units)  from  June  25  to  September  15,  for  the  years 
1917  to  1926,  inclusive 

from  later  seedings  if  the  midges  were  not  present.  Late  varieties  of 
grain  sorghum  sometimes  can  best  be  sown  in  July,  so  that  blooming 
occurs  after  most  of  the  midges  have  ceased  oviposition. 

SUMMARY 

The  results  of  spacing  and  date-of-seeding  experiments  with  several 
varieties  of  grain  sorghums  at  nine  field  stations  in  the  southern 
Great  Plains  are  reported. 

The  average  optimum  spacings  between  plants  for  the  production 
of  sorghum  grain  in  rows  40  to  44  inches  apart  are  about  18  inches 
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for  Dwarf  Yellow  milo,  12  inches  for  Sunrise  kafir,  9  inches  for 
feterita,  and  6  inches  for  Freed  sorghum  and  for  kafirs  other  than 
Sunrise. 

Wide  spacing  of  plants  in  the  rows  increases  the  number  of  heads 
per  plant  and  the  size  of  heads  but  decreases  the  number  of  heads  per 
acre.  There  is  a  slight  increase  in  the  size  of  the  kernels  with  wide 
spacing.  Wide  spacing  delays  maturity  of  the  crop  by  an  average  of 
one  to  three  days,  but  has  no  consistent  effect  upon  the  height  of  the 
crop.  The  highest  yields  of  forage  are  obtained  from  a  narrow  spac- 
ing of  kafir  plants  in  the  row  and  a  medium  or  narrow  spacing  of  milo. 
The  percentage  of  erect  heads  in  Dwarf  Yellow  milo  is  increased  by 
narrow  spacing. 

The  best  spacings  for  the  different  varieties  of  grain  sorghum  depend 
largely  upon  the*  number  of  heads  produced  per  plant  under  condi- 
tions favorable  for  tillering.  Varieties  which  tiller  freely,  such  as 
Dwarf  Yellow  milo  and  Sunrise  kafir,  show  less  effect  from  variable 
spacing  than  varieties  which  tiller  sparingly,  such  as  Reed  kafir. 

The  best  spacing  for  any  variety  probably  can  be  calculated  by 
growing  the  variety  along  with  standard  varieties  for  which  the  opti- 
mum spacing  is  known,  in  6-inch  and  24-inch  spacings,  and  determin- 
ing the  "spacing  index."  The  spacing  index  is  the  product  of  two 
ratios — (1)  the  number  of  heads  per  plant  in  the  24-inch  spacing 
divided  by  the  number  from  the  6-inch  spacing  and  (2)  the  w^eight 
of  grain  per  head  in  the  24-inch  spacing  divided  by  the  weight  in  the 
6-inch  spacing.  The  spacing  required  is  nearly  proportional  to  the 
spacing  index. 

The  yields  of  Dwarf  Yellow  milo  from  6-inch  and  12-inch  spacings 
are  lower  than  from  the  18-inch  spacing,  regardless  of  the  moisture 
supply.  The  yields  of  Dawn  kafir  are  higher  from  the  closer  spacings 
under  average  conditions  and  when  moisture  is  abundant,  but  the 
18-inch  spacmg  outyields  the  closer  spacings  in  dry  seasons.  Kafir 
plants  should  be  spaced  about  12  inches  apart  where  severe  drought 
is  likely  to  occur,  in  order  to  insure  some  production  of  grain. 

Narrow  spacing  for  all  varieties  is  necessary  where  the  sorghum 
midge  is  abundant. 

The  yields  of  Dwarf  Yellow  milo  were  reduced  about  2  per  cent  by 
growing  the  plants  in  widely  spaced  rows  (80  to  88  inches  apart)  when 
the  number  of  plants  per  acre  was  the  same  as  in  rows  40  to  44  inches 
apart.  Kafir  and  feterita  yields  are  about  10  per  cent  less  from  the 
widely  spaced  than  from  the  ordinary  rows.  The  lower  yields  from 
the  widely  spaced  rows  with  the  same  number  of  plants  per  acre  occur 
at  all  spacings  of  the  plants  within  a  row. 

Stover  and  fodder  yields  of  all  grain  sorghums  usually  are  decreased 
considerably  by  growing  the  crop  in  widely  spaced  rows. 

The  average  yield  of  all  varieties  of  grain  sorghums  grown  in  pairs 
of  rows  widely  spaced  between  pairs  was  4.5  per  cent  less  than  the 
average  yield  from  the  ordinary  rows. 

The  general  optimum  dates  for  seeding  the  grain-sorghum  varieties, 
where  msect  injury  is  not  probable,  are  about  May  15  for  Dawn, 
Sunrise,  and  Reed  kafirs;  June  1  for  Dwarf  Yellow  milo;  June  15  for 
Standard  and  Dwarf  feterita;  and  June  15  for  kaoliangs. 

Medium-late  seeding  results  in  better  stands,  taller  stalks,  larger 
heads,  and  shorter  growing  periods  than  does  early  seeding. 

The  optimum  date  of  seeding  is  related  to  the  time  of  maturity  of 
the  variety.     The  earliness  of  seeding  should  be  inversely  propor- 
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tional  to  the  earliness  of  maturity.  Milo  and  feterita  are  very  sen- 
sitive to  low  temperatures  at  seeding  time  and  ordinarily  should  not 
be  sown  until  the  soil  is  warm. 

There  is  some  relation  between  the  optimum  date  of  seeding  grain 
sorghums  and  the  latitude,  corresponding  vegetative  season,  or 
length  of  day  within  the  southern  Great  Plains.  The  distribution  of 
rainfall  has  a  pronounced  effect  upon  the  crop  from  various  dates  of 
seeding  in  a  given  experiment,  but  it  is  too  irregular  to  be  depended 
upon  for  determining  dates  of  seeding  in  any  locality.  Ample  mois- 
ture at  heading  time  is  necessary  for  high  yields. 

The  temperature  during  heading  time  is  an  important  factor  in 
determining  the  yields  of  grain  sorghums.  Mean  temperatures  higher 
than  80°  F.  during  heading  result  in  shorter  stalks,  smaller  heads,  and 
lower  yields  than  do  mean  temperatures  slightly  lower  than  80°  F. 

Seeding  as  early  as  it  is  possible  to  get  a  stand  is  advisable  where 
severe  injury  from  chinch  bugs  or  sorghum  midge  is  likely  to  occur. 
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INTRODUCTION 

The  three  species  of  the  chestnut  indigenous  to  North  America  are 
native  only  in  the  central  and  eastern  parts  of  the  United  States 
and  in  southeastern  Canada.  Besides  the  familiar  American  chest- 
nut, Castanea  dentatd^  the  group  comprises  two  species  known  as 
chinquapins,  the  common  chinquapin,  C.  pumUa^  and  the  alder- 
leaved  chinquapin,  G.  alnifolia.  All  bear  edible  nuts  of  more  or 
less  value,  the  American  chestnut  being  of  greatest  importance  from 
the  standpoint  of  nut  production.  In  the  central  Appalachian 
region,  where  the  American  chestnut  is  most  abundant  and  attains  its 
greatest  perfection,  thousands  of  bushels  of  nuts  are  gathered  in 
fruitful  years  from  trees  in  fields  and  forests  and  used  for  food  at 
home  or  sold  on  the  markets.  The  nuts,  when  sound,  are  highly 
prized  for  their  rich,  sweet  flavor,  but,  unfortunately,  they  are  often 
so  infested  with  "  worms  "  (curculios  or  weevils)  as  to  be  of  little  or 
no  value. 

The  group  of  snout  beetles  known  as  nut  and  acorn  curculios  or 
weevils  is  represented  in  America  and  other  parts  of  the  world  by 
numerous  species  of  the  genus  Curculio,  all  of  which,  so  far  as  known. 


*  Curculio  prohoaoideua  Fab.  and  C.  auriger  Casey ;  order  Coleoptera,  family  Curcullonl- 
dae,  tribe  CurcuUonini. 

•This  bulletin  is  the  result  of  studies  and  observations  over  a  period  of  several  years 
nnder  the  direction  of  A.  L.  Qualntunce,  associate  chief  of  the  Bureau  of  Entomology,  In 
charge  of  the  division  of  deciduous  fruit  insects.  Acknowledgments  are  due  to  F.  H. 
Chittenden,  entomologist,  division  of  truck  crop  insects,  an  authority  on  the  curculios  of 
this  group,  for  assistance  and  suggestions  during  the  progress  of  the  work. 
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feed  as  larvae  in  nuts  and  acorns.  Nearly  50  species  have  been  de- 
scribed from  North  America,  several  of  these  probably  being  syno- 
nyms. Besides  the  two  species  attacking  chestnuts,  which  are  de- 
scribed in  this  bulletin,  there  occur  in  the  United  States  Gurculio 
caryae  Horn,  attacking  the  nuts  of  all  native  species  of  hickory 
and  pecan;  G.  ohtusios  Blanch.,  attacking  the  nuts  of  our  two 
native  hazels,  Corylus  americana  and  G.  rostratct;  and  a  large 
number  attacking  the  acorns  of  various  species  of  oaks.  Each 
species  of  Curculio  is  restricted  in  its  attacks  rather  definitely  to 
food  plants  within  a  single  botanical  genus.  Probably  the  hickory- 
nut  curculio,  G .  ccm/ae^  develops  only  in  nuts  of  Carya ;  the  hazel-nut 
curculio,  G.  obtusus^  only  in  nuts  of  Corylus;  and  the  acorn  curculios 
only  in  the  acorns  of  Quercus.  Among  those  feeding  on  acorns  a 
tendency  is  often  shown  by  a  species  to  restrict  its  attacks  to  a  single 
species  of  oak,  or  to  oaks  within  closely  allied  groups  of  Quercus, 
as  the  annually  fruiting  oaks  or  biennially  fruiting  oaks. 

The  beetles  of  the  several  species  range  in  length  from  about  one- 
fourth  to  one-half  an  inch,  exclusive  of  the  beak.  In  some  species 
the  beak  of  the  female  is  considerably  longer  than  the  body ;  that  of 
the  male  is  shorter  than  the  body  in  all  species.  The  body  is  robust, 
the  colors  ranging  in  the  various  species  from  clay  yellow  to  ashy 
black.  Usually  there  are  spots  or  stripes  on  the  ground  color  of 
lighter  shades  due  to  dense  patches  of  prostrate,  scalelike  hairs. 
The  mouth  parts,  situated  at  the  tip  of  the  beak,  the  mandibles  of 
which  move  vertically,  instead  of  horizontally  as  in  other  beetles, 
form  a  striking  characteristic  of  the  genus  Curculio. 

The  worms  attacking  chestnuts  are  the  larvae  of  two  very  similar 
species  of  weevils  of  the  genus  Curculio  (formerly  Balaninns),  G. 
prohoscidevs  Fab.  and  G.  auriger  Casey.  The  adult  curculios  are 
medium-sized  beetles,  having  extremely  long,  slender  beaks  with  which 
they  drill  through  the  coverings  of  the  nuts,  making  openings  into 
which  they  insert  their  eggs.  From  these  eggs  the  familiar  worms 
develop.  Chestnuts  and  chinquapins  are  usually  attacked  with  about 
equal  severity. 

NATURE  AND  EXTENT  OF  INJURY 

Both  species  of  chestnut  curculios  lay  their  eggs  either  while  the 
nuts  are  growing  or  after  they  are  ripe.  The  larger  curculio,  Gur- 
culio prohosoideus  (pi.  1),  begins  ovipositing  earlier  in  the  season 
than  the  lesser  curculio,  G.  auriger.  The  female  of  the  larger  species 
places  her  eggs  in  the  bottom  of  deep  punctures  which  she  drills 
through  the  spiny  covering  of  the  bur  to  the  more  or  less  mature 
kernels  within.  Egg  laying  begins  very  soon  after  the  meat  in  the 
nut  starts  to  form  and  continues  until  the  burs  and  nuts  are  nearly, 
or  quite,  mature.  The  lesser  curculio  does  not  begin  to  oviposit 
until  the  nuts  are  nearly  full  grown,  most  of  the  eggs  being  laid 
after  the  burs  start  to  open. 

The  larvae  of  both  species  (pi.  2,  D)  feed  upon  the  kernel  until 
they  are  fully  developed  grubs  and  then  gnaw  circular  holes  (pi.  4, 
C)  in  the  shell,  through  which  they  escape  to  enter  the  ground.  The 
kernel  of  the  infested  nut  is  usually  entirely  devoured  and,  if  not 
all  eaten,  is  ruined  for  any  use  except  to  feed  to  swine  or  other 
animals.     An  infested  nut  usually  contains  several  grubs. 
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Curculio  injury  varies  greatly  in  intensity  in  different  chestnut- 
growing  localities,  the  heavier  infestations  occurring  where  nuts  are 
produced  most  abundantly.  At  the  outskirts  of  the  natural  ranges 
of  chestnuts,  where  trees  are  few  and  scattering,  the  curculios  are 
likely  to  be  scarce  and  the  injury  correspondingly  light.  The  great- 
est damage  is  likely  to  occur  where  close  stands  of  chestnut  trees, 
either  in  forests  or  orchards,  produce  frequent  and  heavy  crops  oi 
nuts. 

Nuts  are  quite  often  gathered  as  they  drop  from  the  trees,  appar- 
ently in  good  condition,  but  very  soon  thereafter  become  excessively 
wormy.  These  late-appearing  worms  hatch  from  eggs  deposited  in 
the  nuts  just  before  they  drop  from  the  trees.  At  the  time  the  nuts 
are  gathered  the  eggs  imbedded  in  the  kernel  and  the  holes  in  the 
shell  through  which  they  were  inserted  are  so  small  that  they  escape 
notice.  Usually  the  late-hatching  eggs  are  those  of  the  lesser  cur- 
culio. 

It  is  not  unusual  for  from  50  to  75  per  cent  of  the  nuts  to  be 
wormy,  and,  occasionally,  infestation  reaches  practically  100  per 
cent.  In  a  chestnut  orchard  belonging  to  the  United  States  Depart- 
ment of  Agriculture,  located  at  Bell,  Md.,  a  large  number  of  species 
and  varieties  of  chestnuts  are  being  grown  for  other  investigations 
than  those  pertaining  to  insect  injury.  In  this  orchard  the  curculios 
were  not  dealt  with  for  a  number  of  years,  but  were  allowed  to  take 
their  natural  course  of  increase.  This  resulted  in  increasingly  heavy 
infestations  of  the  nuts  by  curculios  of  both  species.  Ultimately 
the  crops  were  practically  ruined  each  year.  A  lot  of  678  chestnuts 
was  gathered  in  1924  from  trees  of  this  orchard  which  had  received 
no  treatment  for  the  control  of  the  curculios.  Only  57  of  the  nuts 
of  this  lot  were  uninfested,  and  from  the  remainder  2,295  grubs 
issued.  Similar  destruction  of  nuts  by  curculios  has  been  noticed 
in  this  orchard  in  other  years;  yet  it  can  not  be  said  that  the  cur- 
culios are  more  abundant  here  than  in  many  other  localities.  Collec- 
tions of  chestnuts  and  chinquapins  made  in  1917  in  Virginia  by  W.  D. 
Whitcomb,  of  the  Bureau  of  Entomology,  and  examined  for  cur- 
culios, showed  them  present  in  66  per  cent  of  the  nuts,  one  lot  being 
98  per  cent  infested. 

Under  the  Federal  food  and  drugs  act  chestnuts  have  frequently 
been  seized  in  shipment  and  condemned  and  destroyed,  or  otherwise 
disposed  of,  on  account  of  their  wormy  condition.  W.  G.  Campbell, 
then  acting  chief  of  the  Bureau  of  Chemistry,  supplied  data  in  1923 
showing  that  between  the  years  1911  and  1916  there  were  seized  under 
the  foregoing  act  493  bags,  each  containing  from  60  to  100  pounds  of 
chestnuts,  and  280  barrels  of  chestnuts,  in  most  cases  because  they 
"  consisted  in  part  of  filthy  animal  and  vegetable  substance,  to  Avit, 
worms,  worm  excreta,  worm-eaten  chestnuts,  and  decayed  chestnuts, 
and  were  therefore  liable  to  seizure  for  confiscation."  Both  Govern- 
ment and  State  officials  have  on  other  occasions  taken  similar  action 
against  chestnuts  in  transit  because  of  their  wormy  c  ondition,  caused 
by  the  attacks  of  curculios. 

Tables  1,  2,  and  3  show  the  extent  of  infestation,  the  relative 
abundance  of  the  two  species,  and  the  dates  of  emergence  of  larvso 
from  chestnuts  in  different  years  at  Bell,  Md.,  and  French  Creek, 
W.  Va. 
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Table  1. — Number  of  larvce  of  the  larger  and  lesser  chestnut  cutcuUos  emerging 
from  1  tushel  of  chestnuts  at  French  Creek,  W.  Va.,  m  1919 


Date  of  emergence 

Number  of  curculios 

Date  of  emergence 

Number  of  curculios 

Larger 

Lesser 

Total 

Larger 

Lesser 

Total 

Oct.  22 

26 
19 
31 
38 
36 
63 
48 
28 
17 
7 
31 
12 
5 
3 
3 
3 
4 
5 
6 
3 
3 
3 
4 
1 
1 

4 
24 
75 
45 
64 

137 

109 
61 
70 
36 

136 

112 
88 
57 
85 
77 
65 

104 
51 

119 
87 

101 
65 
20 
34 

30 

43 
106 

83 
100 
200 
157 

89 

87 

43 
167 
124 

93 

60 

88 

80 

69 
109 

57 
122 

90 
104  ! 

69  I 

21 

35 

41  ! 

34 

Nov.  18 

Nov.  19 

1 
1 
0 
0 
0 
0 

1 

32 
38 
12 
27 
19 
38 
21 

33 

Oct.  23-     . 

39 

Oct.  24 

Nov.  20 

12 

Oct.  25 

Nov.  21.- 

27 

Oct.  26-  - 

Nov.  22 

19 

Oct.  27 

Nov.  23 

38 

Oct.  28 

Nov.  24-. 

22 

Oct.  29 

Nov.  25 

0              22 

22 

Oct.  30 

Nov.  26 

0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 

1 
1 

0 

0 

5 
5 
16 
13 
5 
3 
11 
3 

I 

2 
5 
1 
1 
2 
0 
3 

5 

Oct.  31 

Nov.  27 

5 

Nov.  I.- 

Nov. 28 

16 

Nov.  2 

Nov.  29 

13 

Nov.  3 

Nov.  30 

5 

Nov.  4. 

Dec.  1 

3 

Nov.  5... 

Dec.  2 

11 

Nov.  6 

Dec.  3 

3 

Nov.  7 

Dec.  4. 

8 

Nov.  8 

Dec.  5 

0 

Nov.  9 

Dec.  6 

2 

Nov.  10 

Dec.  7 

5 

Nov.  11 

Dec.  8 

1 

Nov.  12.. 

Dec.  9    

2 

Nov.  13 

Dec.  10 

3 

Nov.  14... 

Dec.  11 

0 

Nov.  15-- 

Dec.  12 

3 

Nov  16 

1  40 

2  32 

Total 

Nov.  17 

409 

2,189 

2,598 

1 

Table  2. — Number  of  larvce  of  the  larger  and  lesser  chestnut  curculios  emerging 
from  one-half  "bushel  of  chestnuts  at  French  Creek,  W.  Va.,  in  1923  and 
1924 


Date  of  emergence 

Number  of  curculios 

Date  of  emergence 

Number  of  curculios 

Larger 

Lesser 

Total 

Larger 

Lesser 

Total 

1923 

2 
20 
10 
7 
6 
3 
5 
13 
6 
1 
13 
8 
9 
10 
8 
7 
6 
5 
6 
8 
5 
8 
4 
7 
2 
4 
5 
4 
4 
3 
4 
2 
2 
1 
4 
3 
1 
4 

46 
73 
49 
26 
20 
16 
41 
127 
128 
49 
108 
126 
84 
139 
59 
101 
63 
42 
48 
14 
19 
41 
26 
10 
38 
26 
15 
6 
24 
49 
11 
20 
14 
11 
17 
27 
60 
36 

48 
93 
59 
33 
26 
19 
46 
140 
134 
50 
121 
134 
93 
149 
67 
108 
69 
47 
54 
22 
24 
49 
30 
17 
40 
30 
20 
10 
28 
62 
15 
22 
16 
12 
21 
30 
51 
40 

Dec.  14 

3 
2 
0 
2 
0 
0 
0 
2 
0 
1 
1 
0 
0 

1 

0 
0 

1 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

46 
21 
19 
32 
30 
39 
47 
38 
78 
66 
64 
60 
37 
29 
35 
24 
19 
20 

32 
16 
12 
7 
4 
0 
0 
0 
9 
7 
1 
1 
0 
5 
10 
8 
4 

49 

Nov.  6 

Dec.  15 

23 

Nov.  7  . 

Dec.  16. 

19 

Nov.  8 

Dec.  17    . 

34 

Nov.  9... 

Dec.  18 

30 

Nov.  10. 

Dec.  19 

39 

Nov.  11 

Dec.  20 

47 

Nov.  12-. 

Dec.  21 

40 

Nov,  13 

Dec.  22   

78 

Nov.  14 

Dec.  23 

67 

Nov.  15  . 

Dec.  24 

65 

Nov.  16 

Dec.  25          

50 

Nov.  17 

Dec.  26 

37 

Nov.  18.. 

Dec.  27.... 

30 

Nov.  19 

Dec.  28 

35 

Nov.  20 

Dec.  29. 

24 

Nov.  21. 

Dec.  30 

20 

Nov.  22 

Dec.  31    

20 

Nov.  23 

1924 
Jan. 1 

Nov.  24 

Nov.  25 

32 

Nov.  26.. 

Jan.  2.... 

16 

Nov.  27 

Jan,  3 

12 

Nov.  28 

Jan.  4.. 

7 

Nov.  29.. 

Jan.  5 

4 

Nov.  30. 

Jan. 6 

0 

Dec.  1 

Jan.  7..             

0 

Dec.  2   .. 

Jan. 8 

0 

Dec.  3 

Jan.  9 

9 

Dec.  4 

Jan.  10.... 

7 

Dec.  5  .  . 

Jan. 11 

1 

Dec.  6 

Jan. 12 

1 

Dec.  7 

Jan. 13 

0 

Dec.  8.... 

Jan. 14 

5 

Dec.  9 

Jan.  15  to  18 

10 

Dec.  10 

Jan.  19  to  24 

8 

Dec.  11 

Jan.  25  to  31 

4 

Dpf»   12 

Total 

Dec.  13 

233 

2,609 

2,842 
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Table  3. — Emergence  of  larvcB  of  larger  and  leaser  chestnut  curculios  from  3,0S0 

chestnuts  in  1923 


[Nuts  grown  at  BeU, 

Md.,  and  mailed  to  French  Creek,  W.  Va.,  where  emergence  was  recorded] 

Number  of  curculios 

Date  of  emergence 

Number  of  curculios 

Date  of  emergence 

Larger 

Lesser 

Total 

Larger 

Lesser 

Total 

Sept.  28 

96 

14 

17 

41 

21 

18 

26 

17 

13 

9 

10 

7 

4 

1 

2 

8 

3 

16 

9 

1,109 
357 
390 
767 
396 
317 
791 
426 
331 
283 
800 
321 
276 
314 
415 
654 
618 
448 
469 

1,205 
371 
407 
798 
417 
336 
816 
443 
344 
292 
810 
328 
280 
315 
417 
662 
521 
463 
478 

Oct.  17 

15 

497 

612 

Sept.  29 

Oct.  18 

11  1        446 

457 

Sept.  30. . 

Oct.  19 

6 
6 
2 
4 
3 
2 
1 
2 
1 
0 
0 
0 
0 
0 

1 

369 

347 

148 

136 

65 

96 

37 

24 

8 

12 

14 

6 

12 

6 

8 

374 

Oct.  1 

Oct.  20 

363 

Oct.  2 

Oct.  21 

160 

Oct.  3 

Oct.  22  to  26 

140 

Oct.  4 

Oct.  27  to  31 

68 

Oct.  5 

Nov.  1  to  3 

98 

Oct.  6 

Nov.  4  to  5 

38 

Oct.  7 

Nov.  6  to  7 

26 

Oct.  8 

Nov.  8  to  11 

9 

Oct.  9 

Nov.  12  to  13 

12 

Oct.  10 

Nov.  14  to  19      

14 

Oct.  11 

Nov.  20  to  21 

6 

Oct.  12 

Nov.  22  to  30 

12 

Oct.  13 

Dec.  1  to  3  -- 

6 

Oct.  14 

Dec.  4  to  10 

9 

Oct    IS 

Total 

Oct.  16 

383 

11,603 

11,986 

At  French  Creek  11.8+  per  cent  of  the  larvae  belonged  to  the  larger 
species,  O.  prohoscidev^^  whereas  at  Bell  that  species  was  represented 
by  only  34-  per  cent  of  the  total  number.  It  should  be  pointed  out, 
however,  that  in  all  cases  some  of  the  larvae  of  the  larger  species, 
possibly  as  many  as  10  or  15  per  cent  of  the  total,  escape  before  the 
nuts  are  gathered.  Doubtless  a  few  had  escaped  in  this  case  before 
the  counts  began.  Probably  none  of  the  lesser  curculios  had  left  the 
nuts  previous  to  the  beginning  of  the  records. 

EFFECT  OF  THE  CHESTNUT  BLIGHT   UPON  CURCULIOS 

Some  time  previous  to  1904  a  destructive  disease  of  chestnut  trees, 
known  as  the  chestnut  blight,  or  bark  disease,  Endothia  pa/rasitica^ 
was  accidentally  introduced  into  the  United  States  from  Cnina.  The 
disease  was  first  discovered  in  this  country  on  park  trees  in  the 
vicinity  of  New  York  City.  From  that  center  it  spread  into  forests 
of  native  chestnut,  and  throughout  a  considerable  portion  of  the 
original  range  of  the  chestnut  the  disease  has  already  killed  most  of 
the  native  trees.  Within  these  areas,  where  there  are  few  trees 
to  bear  nuts,  the  curculios,  unable  to  subsist  on  other  food,  have 
greatly  diminished  in  number. 

In  some  quarters  where  most  of  the  native  chestnuts  have  died, 
there  is  now  an  interest  in  replanting,  either  with  native  or  foreign 
species  of  this  nut.  It  seems  probable  that  in  localities  where  all 
native  chestnut  trees  have  been  dead  for  several  years  both  the  blight 
and  the  curculios  will  have  disappeared,  and  replanting  might  be 
done  with  some  assurance  that  these  pests  would  not  appear  until 
reintroduced  into  the  localities.  There  is  also  an  interest  in  plant- 
ing certain  foreign  chestnuts  which  promise  to  be  to  a  considerable 
extent  blight-resistant. 

According  to  notes  furnished  by  Wilson  Popenoe,  agricultural  ex- 
plorer, Bureau  of  Plant  Industry,  the  following  foreign  chestnuts, 
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some  of  which  are  proving  to  be  much  more  resistant  to  the  blight 
than  our  native  species,  have  been  introduced  for  trial  in  the  United 
States : 

Name  Native  habitat 

CastanecL  japonica Japan. 

Castanopsis  diversifolia Siam. 

Castanea  mollissima China. 

Castanea  sativa Europe. 

Castanea  seguinii Cliina. 

Castanea  henryi —  China. 

Castanopsis  dela/oayi China. 

Of  the  introduced  chestnuts,  Castanea  japonica  and  G.  mollissiina 
promise  to  be  of  considerable  value  in  this  country  from  the  stand- 
point of  nut  production,  and  they  are  much  more  resistant  to  blight 
than  are  American  chestnuts.  These  foreign  chestnuts  would  now 
be  planted  extensively  in  certain  districts  were  it  not  for  the  fact  that 
they  seem  to  be  fully  as  subject  to  curculio  attack  as  our  native  sorts. 
There  is,  however,  a  possibility  of  obtaining  a  fairly  high  degree  of 
curculio  immunity  by  planting  the  desirable  chestnuts  in  sections 
where  the  original  bearing  trees  have  died  out.  It  should  be  borne 
in  mind  that,  in  such  practice,  freedom  from  curculios  can  not  be  ex- 
pected until  four  or  five  years  have  elapsed  after  the  original  trees 
have  ceased  to  produce  nuts.  How  far  the  beetles  are  able  to  fly  has 
not  been  determined,  but  under  favorable  conditions  it  seems  prob- 
able that  they  may  make  flights  of  at  least  a  mile. 

Plantings  may  also  be  made  in  districts  beyond  the  natural  range 
of  the  native  chestnuts,  such  as  the  central  and  western  parts  of  the 
country,  with  no  danger  from  curculios,  unless  they  should  be  intro- 
duced in  shipments  of  wormy  chestnuts,  or  by  some  other  means. 

THE  LARGER  CHESTNUT  CURCULIO 

The  larger  chestnut  curculio,  Curculio  prohoscideus  Fab.,  as  its 
common  name  indicates,  is  the  larger  of  the  two  species  attack- 
ing chestnuts.  It  is,  in  fact,  the  largest  American  member  of  the 
genus  to  which  it  belongs.  It  has  been  known  as  infesting  chestnuts 
for  more  than  a  century,  its  large,  fleshy  larvae  having  doubtless  been 
disgustingly  common  in  our  native  chestnuts  ever  since  man  began 
to  make  use  of  them.  The  beetle  is  distinguished  from  the  lesser 
chestnut  curculio,  C,  amiger  Casey,  by  its  larger  size,  more  robust 
form,  straighter  and  longer  beak,  and,  in  life,  by  its  slower  move- 
ments and  its  habit  of  carrying  the  beak  projecting  more  directly  for- 
ward. (Pis.  1  and  2,  A.)  It  is  distinct  from  all  other  American 
species  of  Curculio  in  having  the  second  joint  of  the  funicle  of  the 
antennae  longer  than  the  first.     (PI.  5,  A.) 

Beetles  of  the  larger  chestnut  curculio  are  easily  found  in  early  fall 
on  the  growing  burs  of  chestnut  and  chinquapin.  They  appear  when 
the  burs  are  somewhat  more  than  half  grown  and  remain  until  the 
nuts  are  mature.     (PI.  1.) 

HISTORY  AND  DISTRIBUTION 

The  larger  chestnut  curculio  was  described  under  the  name  Curculio 
prohoscideus  in  1775  by  Fabricius.^    In  1843  it  was  redescribed  by 

8  Fabricius.  J.  C.     SYSTEMA  ENTOMOLOGiAE.     P.  142.     Flensburgi  et  Lipsiae.     1775. 
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Boheman  *  as  Balaninus  carijatrypes^  the  latter  name  now  being 
regarded  as  a  synonym. 

Early  observers  of  the  habits  of  nut  curculios  of  this  group  often 
confused  the  species.  Thus  Thaddeus  W.  Harris,  writing  in  1841,'* 
says :  "  In  this  country  weevil-grubs  are  very  common  in  hazel-nuts, 
chestnuts,  and  acorns;  but  I  have  not  hitherto  been  able  to  rear 
any  of  them  to  the  beetle  state."  Harris,  like  other  writers  of  his 
time  who  mentioned  the  nut  curculios,  failed  to  draw  specific  dis- 
tinctions. In  the  old  records  it  is  often  impossible  to  tell  which 
species  is  referred  to.  Wherever  worms  or  weevils  in  chestnuts 
are  mentioned,  however,  it  may  be  pretty  definitely  understood  that 
the  reference  is  to  one  or  the  other  of  the  species  here  described. 

The  larger  chestnut  curculio  is  found  from  Massachusetts  to  North 
Carolina  and  westward  as  far  as  Kansas,  its  range  corresponding 
rather  definitely  to  that  of  its  most  important  food  plant,  the  Amer- 
ican chestnut,  Castanea  dentata. 

LIFE  HISTORY 

Most  of  the  individuals  of  the  larger  chestnut  curculio  complete 
their  life  cycle  of  four  stages — ^gg^  larva,  pupa,  and  adult — in  one 
year,  passing  the  winter  as  larvae  in  the  ground.  A  relatively  small 
number  of  the  insects  normally  rest  as  grubs  in  the  ground  over  the 
second  winter,  the  beetles  finishing  transformation,  and  issuing  the 
second  year  after  the  eggs  were  laid.  In  a  large  number  of  rearings 
a  few  of  these  individuals  which  require  two  years  for  transforma- 
tion have  always  been  present,  with  the  exception  of  one  lot  of  about 
100  in  which  all  changed  to  beetles  the  next  season  after  the  larvae 
developed  in  the  nuts.  As  a  rule,  from  5  to  10  per  cent  of  the  larvae 
carry  over  the  second  winter,  but  in  one  case  33  per  cent  of  the  larvae 
remained  in  the  ground  the  second  winter  before  developing  into 
beetles.  The  rearings  referred  to  above  were  all  conducted  outdoors 
and  under  conditions  practically  normal  for  the  development  of  the 
insects. 

THE   EGG 

The  Qgg  (pi.  2,  C  and  E)  is  translucent,  creamy  white,  oval  or 
pear  shaped,  somewhat  variable  in  form  and  size.  Average  speci- 
mens measure  0.8  by  1.4  millimeters.  The  eggs  are  usually  deposited 
in  the  downy  inner  lining  of  the  brown  shell  covering  the  nut.  Occa- 
sionally they  are  imbedded  in  the  kernel.  About  10  days  are  required 
for  hatching. 

THE    larva" 

The  larva  is  a  legless,  fleshy,  wrinkled  grub,  the  body  color  being 
creamy  white,  the  head  brown.  The  grub  is  curved  like  a  horseshoe, 
excepting  when  it  crawls,  as  when  searching  for  a  place  to  enter 
the  ground  after  leaving  the  nut. 

After  hatching,  the  larva  stays  in  the  nut  from  6  to  10  weeks,  the 
period  apparently  being  prolonged  in  case  the  kernel  of  the  nut 

*  SCHOf^NHBRB.  C.  J.      GENERA  ET  SPECIES   CDECULIONIDDM,  CUM   SYNONTMIA  HDJUS  PAMI- 

UAS.     V.  7,  pt.  i2.  p.  276.     rarislis  et  Lipsie.     1843. 

'Harris.  T.  W.  a  report  on  the  inskcts  op  Massachusetts,  injurious  to  vegeta- 
tion.    P.   65.        Cambridge.     1841.      (Ed.   1862,   p.  74.) 

«  Detailed  description  of  the  larva,  by  Richard  T.  Cotton,  will  be  found  on  page  20  of 
this  bulletin. 
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becomes  dry.  In  the  latitude  of  West  Virginia  larvae  occasionally 
remain  in  the  nuts  until  the  middle  of  December  and  then  gnaw  out 
and  escape  in  periods  of  warm  weather. 

The  exit  hole  in  the  shell  of  the  nut  is  a  conspicuous,  circular  open- 
ing, averaging  3  millimeters  in  diameter.  (PL  4,  C.)  The  exit  may 
be  at  any  place  on  the  nut,  although  it  is  rarely  found  near  the  point. 
Larvae  of  this  species  occasionally  issue  and  drop  to  the  ground  before 
the  nuts  fall  from  the  trees,  but  most  of  them  stay  in  the  kernel  until 
after  the  nuts  drop.  When  nuts  are  harvested  and  stored  in  quantity 
the  larvae  soon  accumulate  in  large  numbers  in  the  bottom  of  the 
container,  where  they  move  about  ceaselessly  in  search  of  a  means 
of  reaching  the  ground. 

As  soon  as  they  can  get  to  it,  the  larvae  work  their  way  downward 
into  the  soil  by  writhing  motions  until  they  find  a  place  where  the 
soil  is  somewhat  compact.  Here  they  form  smooth-walled  cells, 
which  they  occupy  through  the  pupation  period  and  until  the  adult 
stage  is  reached.  (PI.  5,  C.)  The  cells  are  usually  from  2  to  8  inches 
beneath  the  surface  and  are  made  of  sufficient  length  to  accommodate 
the  long-snouted  beetle  when  it  develops.  The  larva  occupies  the 
cell  with  its  head  pointing  upward.     (PI.  5,  C.) 

THE3  PUPA 

The  pupa  (PL  2,  F)  is  creamy  white  with  brown  eyes,  and  brown- 
ish markings  appear  on  the  body  as  the  mature  stage  is  approached. 
All  the  rudimentary  appendages  are  compressed  against  the  body 
except  the  beak,  which  is  folded  against  the  breast,  but  is  free. 
There  is  a  sparse  covering  of  short  bristles  over  the  body,  the  absence 
of  a  pair  of  such  bristles  on  the  beak  at  the  base  of  the  antennae 
serving  to  distinguish  it  from  cmriger.  The  tip  of  the  long  beak  rests 
against  the  ventral  tip  of  the  abdomen.  The  front  and  middle  legs 
are  folded  over  the  wing  pads,  the  hind  legs  beneath  the  pads.  The 
elbow  of  the  antenna  reaches  the  eye.  The  average  length  of  the 
pupa  is  15  millimeters,  the  width  7  millimeters. 

Pupation  takes  place  about  the  1st  of  July  within  the  cell  made 
by  the  larva,  the  earliest  pupa  found  at  French  Creek,  W.  Va.,  hav- 
ing been  discovered  June  24.  An  average  time  of  four  or  five  weeks 
is  occupied  by  the  pupal  stage,  pupae  being  found  in  the  ground  from 
the  latter  part  of  June  until  the  early  part  of  August,  varying,  of 
course,  in  different  localities. 

THE    ADULT 

The  beetle  of  the  larger  chestnut  curculio  (pi.  1 ;  pi.  2,  A  and  B)  is 
brown,  the  back  mottled  and  striped  with  yellow,  or  clay-colored, 
silky  markings,  the  underparts  and  legs  pale  yellow.  The  lighter 
shades  throughout  are  due  to  dense  coverings  of  prostrate,  scale- 
like hairs.  The  beetle  is  from  8  to  11  millimeters  long  and  4  to  5 
millimeters  wide.  The  dark  brown,  slender  beak  of  the  male  is  from 
6  to  8  millimeters  long ;  that  of  the  female,  from  12  to  16  millimeters 
long.  In  both  sexes  the  beak  is  straight  at  the  base,  curving  down- 
ward in  the  last  half  in  the  male,  and  in  the  last  third  in  the  female. 


Technical  Bui.  130.  U.  S.  Department  of  Agriculture 


Plate  1 
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Plate  2 


The  Chestnut  Curculios 

A,  Female  beetle  of  larger  chestnut  cureulio,  X  2;  B,  female  beetle  of  larger  chestnut  curculio  making 
oviposition  puncture  in  chestnut  bur.  X  2;  C,  eggs  of  larger  chestnut  curculio  in  natural  position 
within  a  chestnut  shell,  X  5;  D,  above,  larvae  of  larger  chestnut  curculio;  below,  larvae  of  lesser 
chestnut  curculio,  X  IJ^;  E,  large  eggs,  those  of  the  larger  chestnut  curculio;  small  eggs,  those  of  the 
lesser  chestnut  curculio,  X  5;  F,  pupae  of  larger  chestnut  curculio,  X  2 
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PLATE  3 


The  Lesser  Chestnut  Curculio 

A,  Male  beetle.  X  2;  B,  female  heetle,  X  2;  (\  female  beetle  making  an  oviposition  puncture  in  a 
chestnut,  X  2;  D,  eggs,  X  7;  E,  eggs  in  natural  position  in  the  flesh  of  a  nut.  X  fi:  F.  pup:ie.  X  4 
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Plate  4 


The  Chestnut  Curculios 


A,  Eighteen  larvae  of  the  lesser  chestnut  curculio  which  issued  from  one  American  chestnut,  X  'i}4; 
B,  holes  in  shell  of  chestnut,  small  hole,  egg  puncture  of  lesser  chestnut  curculio,  large  hole,  exit 
hole  of  larva,  X  5;  C,  exit  holes  in  chestnuts  of  larger  curculios  (above),  lesser  curculios  (below), 
natural  size;  D,  larvae  and  adult  of  lesser  chestnut  curculio  in  the  soil,  X  2 
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ACTIVITIES  OF  THE  BEEHl-B 


After  transforming  from  the  pupa,  the  beetle  remains  in  the  pupal 
cell  for  a  week  or  10  days,  then  works  its  way  to  the  surface  of  the 
ground,  and  seeks  at  once  the  branches  of  the  chestnut  trees  where 
the  burs  are  now  half  grown.  (PL  1.)  Both  males  and.  females 
very  soon  begin  to  feed  by  piercing  the  burs  with  their  long  beaks 
and  swallow  the  juices  and  solids  extracted  from  within.  There  is 
also  surface  feeding  to  a  limited  extent  among  the  spines  of  the 
burs.  One  beetle  was  observed  in  the  field  feeding  at  a  wound  m  an 
apple  made  by  some  other  insect,  and  another  was  seen  feeding  on  a 
Kieffer  pear.  In  rearing  jars  and  cages  the  beetles  will  collect  in 
numbers  on  freshly  cut  fruit,  such  as  apples  and  pears,  and  feed 
freely.  One  beetle  of  an  acorn-feeding  species,  GurcvMo  strictus 
Casey,  was  found  on  a  serviceberry  tree  with  its  beak  inserted  in  a 
ripe  fruit.  This  apparent  fondness  for  fruit  suggests  the  possibility 
of  killing  the  beetles  by  the  use  of  poisoned  baits. 

Mating  begins  soon  after  the  beetles  collect  on  the  trees,  and  ovi- 
position  follows  shortly.  Egg  laying  has  been  observed  at  French 
Creek  as  early  as  August  19,  although  it  does  not  usually  begin  in 


1 

^ 

1 

\ 

1 

5 

1 

1 

V 

\ 

1 

1 

^ 

1 

§■ 

\ 

t 

\ 

1 

1 

X 

^ 

^ 

hi 

- 

r  1  n 

ch" 

'1 





/ 

4^'. 

^£ 

Ot 

— 

/OC/^^ /A^&POC//f/£} 

1 

^ 

^ 

■*& 

, 

y 

/•• 

i 

ri^ 

j^ 

— 

"■" 

X 

^^ 

> 

^<SS /'/V/V^/'T- 

" 

FiQUBii  1, — Seasonal  cycles  of  the  larger  and  lesser  chestnut  curculios 

that  locality  until  about  the  1st  of  September.  (Fig.  1.)  Through 
September  the  beetles  are  mating  and  are  very  conspicuous  on  the 
burs  (pi.  1), both  sexes  often  being  observed  with  their  beaks  inserted 
in  the  spiny  coverings.     (PL  2,  A  and  B.) 

On  being  disturbed  the  beetles  frequently  feign  death  and  drop 
to  the  ground,  where  they  lie  motionless  for  several  minutes.  They 
will  then  mount  some  convenient  stem  or  stone  and  fly  back  to  the 
branches.  When  females  are  in  the  act  of  making  oviposition  punc- 
tures in  the  burs  they  will  sometimes  allow  themselves  to  be  handled 
freely  without  removing  their  beaks  and  with  but  little  interruption 
to  the  drilling  operation. 

The  female  frequently  spends  several  hours  in  the  operation  at- 
tending the  laying  of  a  single  ^gg^  the  drilling  through  the  nut  cover- 
ing being  accomplished  by  pressing  the  beak  against  the  bur  and  re- 
volving the  head  and  beak  back  and  forth.  (PL  2,  B.)  When  the 
hole  is  completed  the  beetle  withdraws  her  beak,  turns  deliberately, 
and,  inserting  her  long,  extensile  ovipositor,  places  a  single  Qgg  at 
the  bottom  of  the  opening.  A  number  of  punctures,  each  containing 
one  ^gg^  may  thus  be  made  in  a  single  bur.  Within  a  brief  time  after 
egg  punctures  are  made  in  a  nut  the  kernel  takes  on  a  flat,  musty 
flavor,  which  increases  in  degree  as  the  eggs  hatch  and  the  larvse 
grow. 

46934—29 2 
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The  beetles  remain  upon  the  trees  and  continue  to  oviposit  until 
the  burs  are  full  grown,  although  the  number  of  beetles  decreases  as 
the  nuts  approach  maturity.  By  the  time  the  nuts  begin  to  drop 
practically  all  the  beetles  have  disappeared  from  the  trees,  the  last 
of  the  generation  dying  with  the  coming  of  frosty  weather.  No  de- 
tailed egg  records  were  obtained  for  individual  females,  but  counts 
made  during  the  progress  of  the  investigation  indicate  that  one 
beetle  may  lay,  in  round  numbers,  from  25  to  50  eggs. 

THE  LESSER  CHESTNUT  CURCULIO 

COMPARISON   OF  THE  APPEARANCE  AND   HABITS  OF  THE  TWO   SPECIES 

In  appearance  the  lesser  chestnut  curculio,  Gurculio  auriger  Casey, 
in  all  its  stages  bears  a  close  resemblance  to  the  larger  species,  but  it 
differs  markedly  from  it  in  its  life  cycle.  Whereas  the  larger  cur- 
culio completes  its  transformation  from  egg  to  adult  in  one  year,  the 
lesser  curculio  requires  two  years  to  complete  its  life  cycle,  and  a 
small  percentage  requires  three  years  for  transformation.  The  larger 
curculios  pass  the  winter  as  larvae,  whereas  the  lesser  curculios  pass 
one  winter  as  larvae  and  a  second  winter  as  adults,  occupying  in  both 
stages  the  pupal  cells  in  the  ground.  In  the  case  of  the  few  indi- 
viduals of  the  lesser  curculio  which  require  three  years  for  transfor- 
mation, the  first  two  winters  are  passed  in  the  ground  as  larvae  and 
the  third,  in  the  same  location,  as  beetles.  The  beetles  of  the  larger 
species  issue  from  the  ground  in  late  summer  and  begin  very  soon 
thereafter  to  deposit  eggs  in  chestnut  burs,  but  the  beetles  of  the 
lesser  species  come  forth  from  the  soil  in  the  spring  and  do  not 
begin  to  oviposit  until  chestnuts  are  nearly  mature  the  ensuing  fall. 
These  beetles  thus  have  a  preoviposition  period  on  the  trees  of  about 
five  months.     (Fig.  1.) 

The  beetles  of  the  lesser  curculio  emerge  from  the  ground  several 
week^  before  chestnut  trees  come  into  bloom,  and  when  the  male 
catkins  whiten  the  beetles  gather  in  numbers  upon  them,  evidently 
feeding  on  the  nectar.  At  this  season  there  are  no  beetles  of  the 
larger  species  abroad,  all  the  living  individuals  being  in  the  larval 
stage  within  the  ground.  The  beetles  of  the  smaller  species  scatter 
throughout  the  summer,  only  relatively  few  individuals  staying  on 
chestnut  trees.  As  the  chestnut  burs  attain  full  growth  the  beetles 
reassemble  on  the  trees  and  mingle  with  the  beetles  of  the  larger 
species,  which  have  now  appeared. 

LIFE   HISTORY 

In  all  cases  where  beetles  were  reared  under  observation  a  few  in- 
dividuals were  found  which  required  three  years  for  their  life  cycle. 
In  the  fall  of  1919  a  lot  of  larvae  were  collected,  166  of  which  at- 
tained the  beetle  stage  and  issued  in  the  spring  of  1921  and  only  11 
of  which  remained  in  the  ground  over  three  winters.  Other  rearings 
gave  similar  results,  all  indicating  that  from  5  to  10  per  cent  of  the 
insects  require  three  years  for  their  life  activities.  The  beetles  of 
the  3-year  period  come  from  the  ground  in  the  spring,  along  with 
those  requiring  only  two  years  for  completing  their  life  cycle. 
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THE  ECKl 


The  e<rs  (pi.  2,  E;  pi.  3,  D  and  E)  is  pearly  white,  irregularly  oval 
or  pear  shaped,  often  lopsided.  Average  specimens  measure  about 
0.4  by  0.7  millimeter. 

The  eggs  are  usually  embedded  deep  within  the  flesh  of  the  chest- 
nuts, a  single  egg  occupying  each  extremity  of  a  branched  puncture 
extendinjr  toward  the  heart  of  the  nut  from  a  minute  opening  in  the 
shell,  (rl.  4,  B.)  As  many  as  a  dozen  or  more  eggs  may  be  inserted 
through  one  such  opening.  Both  the  eggs  and  the  punctures  are 
almost  invisible  to  the  unaided  eye.  Frequently  they  are  abundant 
in  chestnuts  at  the  time  the  nuts  are  harvested,  their  presence  not 
bein^  suspected  on  account  of  their  diminutive  size.  The  eggs 
require  from  7  to  10  days  for  hatching. 


Superficially  the  larva  or  grub  of  the  lesser  chestnut  curculio  re- 
sembles quite  closely  that  of  the  larger  species,  except  that  it  is 
smaller  (pi.  2,  D)  and  somewhat  paler  in  color.  Like  the  larger 
species,  it  is  fleshy,  wrinkled,  and  legless,  its  head  and  anal  extremity 
usually  being  curved  together  until  they  almost  meet. 

The  larvae  begin  feeding  in  the  flesh  of  the  nut.  When  they  are 
small  they  are  often  overlooked  by  those  who  eat  chestnuts.  From 
the  beginning,  however,  they  impart  to  the  nuts  a  stale  or  musty 
flavor,  which  is  distinctly  recognizable  to  one  familiar  with  the  taste 
of  fresh  chestnuts.  Usually  several  of  the  larvae  are  found  feeding 
together,  a  surprising  numoer  being  able  to  reach  full  growth  in  a 
single  nut.  Twelve  or  eighteen  may  develop  in  an  ordinary  Ameri- 
can chestnut  (pi.  4,  A),  and  a  considerably  greater  number  may  be 
found  in  a  nut  of  one  of  the  larger  foreign  species. 

Larvae  may  mature  and  leave  the  nuts  in  from  four  to  five  weeks 
after  hatching,  but  they  usually  feed  for  a  longer  period.  Hatching 
begins  about  the  last  of  September  and  continues  until  the  middle  of 
November  in  the  latitude  of  West  Virginia.  Although  oviposition 
and  hatching  combined  cover  a  period  of  from  six  to  eight  weeks,  the 
larvae  continue  to  leave  the  nuts  over  a  much  longer  period.  They 
begin  to  issue  from  the  nuts  near  the  last  of  October  and  continue  to 
appear  until  at  least  as  late  as  the  last  of  December.  Maximum 
emergence  takes  place  during  November. 

When  ready  to  leave  the  nut  the  larva  eats  a  circular  hole,  aver- 
aging about  2  millimeters  in  diameter,  in  the  shell  (pi.  4,  B)  and 
works  itself  out  by  means  of  much  writhing  and  twisting  of  the 
body.  Most  of  the  larvae  quit  the  nuts  in  the  early  morning.  A 
sudden  change  in  temperature  greatly  accelerates  emergence.  On 
several  occasions  a  frosty  night  following  warm  weather  has  re- 
sulted the  next  morning  in  a  fourfold  increase  in  the  number  of  larvae 
leaving  the  nuts. 

The  larva  enters  the  ground  as  soon  as  it  reaches  it  and  burrows 
downward  until  it  finds  compact  earth  in  which  to  construct  its 
pupal  cell.    This  is  usually  found  at  a  depth  of  from  4  to  12  inches. 

'  Detailed  description  of  the  larva  and  a  compariHon  of  larval  characters  of  the  two 
species  of  chestnut  curculio  will  be  found  on  p.  21  of  this  bulletin. 
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In  these  cells  the  larvae  rest,  their  heads  pointing  upward  (pi.  4,  D), 
until  the  following  fall,  when  they  pupate.  As  has  been  pointed  out, 
a  comparatively  small  number  remain  as  larvae  through  two  winters. 


THE  PUPA 


The  pupa  (pi.  3,  F)  is  white,  with  a  slight  creamy  cast,  the  eyes 
and  other  parts  of  the  body  becoming  brown  or  blackish  as  the  im- 
a^inal  stage  is  approached.  The  appendages,  such  as  the  beak, 
wmgs,  and  legs,  are  distinctly  visible,  all  being  compressed  against 
the  body  excepting  the  beak.  The  beak  of  the  male  is  half  as  long 
as  the  body,  that  of  the  female  as  long  as  the  body,  the  tip  of  the 
female  beak  resting  against  the  tip  of  the  abdomen.  The  length  is 
from  8  to  10  millimeters  and  the  width  4  millimeters. 

The  pupa  of  the  lesser  curculio  may  be  distinguished  from  that  of 
the  larger  by  its  smaller  size  and  more  distinctly  curved  beak,  and  by 
the  presence  of  a  pair  of  short,  stiff  bristles  on  the  dorsum  of  the 
middle  of  the  beak  at  the  insertion  of  the  antennae,  these  being  lacking 
in  the  larger  species. 

Pupation  takes  place  about  the  last  of  August  in  West  Virginia,  the 
adults  appearing  in  the  cells  about  the  middle  of  September.  The 
pupal  stage  lasts  from  two  to  three  weeks. 


THE    ADULT 


The  adult  lesser  chestnut  curculio  (pi.  3,  A,  B,  C)  is  similar  in 
appearance  to  that  of  the  larger  curculio  but  is  somewhat  darker  in 
color  and  considerably  smaller.  The  general  color  is  dark  brown, 
barred  and  mottled  above  by  patches  of  flattened,  prostrate  hairs  of 
yellowish  or  light-brown  color.  The  legs  and  under  parts  are  yellow- 
ish. The  beetles  average  about  7  millimeters  in  length,  exclusive  of 
the  beak,  and  3  millimeters  in  width.  The  beak  of  the  male  is  from 
4  to  5  millimeters  and  that  of  the  female  from  8  to  10  millimeters  in 
length.  In  both  sexes  the  beak  is  distinctly  curved,  the  curvature 
being  greater  in  the  outer  half. 


ACTI\'1TIES   OF  THE  BEETTLB 


The  change  from  pupa  to  beetle  takes  place  in  September,  about 
four  weeks  after  the  larger  species  attains  the  adult  form.  Instead 
of  issuing  promptly  from  the  ground,  however,  as  do  the  larger 
beetles,  these  remain  in  their  cells  throughout  the  fall  and  winter 
and  until  May  of  the  following  spring.  They  then  work  their  way 
out  of  the  ground  and  resort  to  the  foliage  of  trees,  but  do  not  at 
once  collect  in  any  considerable  numbers  on  chestnut  trees.  They 
have  been  collected  in  West  Virginia  during  the  last  half  of  May 
from  plum,  peach,  wild  thorn,  and  hickory  trees,  in  addition  to  col- 
lections in  the  same  month  from  chestnut  trees.  At  the  time  the 
beetles  issue  from  the  ground  the  chestnut  leaves  are  about  half 
grown.  A  few  weeks  later,  when  these  trees  come  into  bloom,  the 
beetles  collect  on  the  male  catkins,  being  attracted  by  the  nectar  of 
the  flowers.  When  the  catkins  wither  and  drop  the  beetles  again 
disperse,  to  reappear  on  chestnut  trees  when  the  nuts  begin  to  ripen. 
Apparently  very  little  feeding  is  done  throughout  the  summer,  and 


Tcchnica  Bui.  130.  U.  S.  Department  oi  Agriculture 


F»LATE  5 


The  Chestnut  Curculios  and  Parasites 


A,  Comparative  lengths  of  the  beak  of  larger  chestnut  curculio  and  ovipositor  of  the  parasite  Uro- 
sigatphua  armalus:  above,  beak  of  beetle;  below,  ovipositor  of  parasite.  X  5;  B,  puparia  of  .\fyio- 
phasia  nigrifrons,  X  2;  C,  larvae  of  larger  chestnut  curculio  in  pupal  cells  in  the  earth,  natural  size; 
D,  adult  Urotigalphut  armcUus,  X  2;  E.  adult  Mylophasia  nigrifrons,  X  3 
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the  sex  instinct  does  not  manifest  itself  until  near  the  time  when 
oviposition  begins. 

When  the  burs  begin  to  part,  exposing  the  nuts,  the  beetles  may  be 
found  around  the  nuts,  sometimes  as  many  as  a  dozen  in  a  single  bur. 
Both  sexes  insert  their  beaks  through  the  shell  of  the  nuts  and  feed, 
at  least  sparingly,  on  the  tender  kernel.  At  the  same  time  the  female 
engages  in  drillmg  deep  holes  into  the  nuts  for  the  purpose  of  egg 
laying.     (PI.  3,  C,  E.) 

A  number  of  males  will  frequently  gather  around  a  female  while 
she  is  engaged  in  the  prolonged  operation  of  laying  a  batch  of  eggs 
in  a  nut.  Pairing  in  this  species  usually  takes  place  immediately 
preceding  the  deposition  of  an  egg. 

The  beetles  of  the  lesser  curculio  are  much  quicker  in  their  move- 
ments than  those  of  the  larger  curculio  and  are  easily  disturbed  when 
at  work.  At  the  slightest  alarm  they  hide  quickly  among  the  spines 
or  in  a  crevice  of  the  bur,  or  fold  their  beak  and  legs  and  drop  to  the 
ground.  After  dropping  and  while  thus  feigning  death  they  are 
very  difficult  to  see  among  the  other  small  objects  which  usually 
cover  the  ground. 

By  means  of  punctures  extending  through  the  spiny  coverings  to 
the  nuts,  a  few  eggs  are  deposited  before  the  burs  begin  to  open. 
Most  of  the  eggs  are  laid,  however,  after  the  burs  part  and  the  beetles 
gain  direct  access  to  the  nuts.  Eggs  inserted  through  the  bur  are 
not  located  so  deep  in  the  kernel  as  are  those  laid  after  the  nuts  are 
exposed. 

The  beetles  remain  alive  and  oviposition  continues  until  most  of 
the  nuts  ripen  and  drop.  Occasionally  a  beetle  is  found  with  its 
beak  inserted  in  a  nut  on  the  ground,  and  it  is  probable  that  a  few 
eggs  may  be  laid  in  the  fallen  nuts.  The  last  of  the  beetles  of  this 
generation  die  late  in  October  or  early  in  November. 

When  the  last  of  the  beetles  of  one  generation  succumb  to  cold 
weather  and  old  age,  those  of  the  generation  which  is  to  succeed  them 
have  already  reached  the  mature  stage  in  the  ground.  Were  these 
young  beetles  to  come  forth  from  the  soil  when  they  first  attain  the 
adult  form  they  would  find  chestnuts  on  the  trees  in  just  the  right 
condition  to  receive  their  eggs.  However,  for  some  reason  they  must 
await  the  coming  of  the  next  year's  crop  of  nuts  before  providing 
for  their  offspring.  On  several  occasions  these  newly  transformed 
beetles  were  removed  from  the  soil  in  the  fall.  After  a  few  groggy 
struggles  they  became  able  to  crawl  about  rapidly  and  attempted, 
unsuccessfully,  to  fly. 

NATURAL  ENEMIES  OF  CHESTNUT  CURCULIOS 

A  number  of  natural  enemies  of  chestnut  curculios  have  at  various 
times  been  observed.  Gray  squirrels,  Sciurus  sp.,  are  known  to 
feed  on  the  larvae.  William  T.  Davis  ®  describes  seeing  gray  squirrels 
removing  and  devouring  Balaninus  (Curculio)  larva)  from  acorns. 
During  the  investigations  described  m  this  bulletin,  the  writer  in 
the  fall  of  1923  placed  each  morning  for  several  weeks  large  num- 
bers of  chestnut-curculio  larvae  on  beds  of  earth  into  which  they  bur- 
rowed.    These  beds  were  near  woods  in  which  there  were  wila  gray 

•  Davis,  W.  T,     inskci's  as  thb  food  of  squibhels.     Canad.  Ent.  39  :  16.     1907. 
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squirrels,  Sciums  carolinensis^  and  it  was  soon  noticed  that  the  squir- 
rels were  frequenting  the  beds.  An  examination  showed  that  they 
were  digging  diligently  for  the  larvae,  the  soil  to  a  depth  of  several 
inches  having  been  gone  over  and  the  larvae  removecl.  Thereafter 
the  larvae  were  saved  only  by  covering  the  beds  with  wire  screens. 

On  numerous  occasions  the  soil  in  rearing  boxes  and  under  bearing 
chestnut  trees  which  was  known  to  contain  curculio  larvae  was  found 
honeycombed  with  burrows  of  small  mammals.  When  fresh  sup- 
plies of  larvae  were  allowed  to  enter  such  soil  they  soon  disappeared, 
and  it  was  evident  that  the  burrows  were  made  in  search  of  the 
insects  for  food.  Traps  set  in  such  places  secured  several  species  of 
mice  and  a  great  number  of  short-tailed  shrews,  Blarina  hrevicavda. 
It  seems  probable  that  the  shrews,  and  possibly  the  mice,  normally 
devour  considerable  numbers  of  the  curculios  while  they  are  in  the 
ground. 

In  the  fall  of  1925  some  wormy  chestnuts  were  sorted  from  sound 
ones  and  placed  on  the  ground  for  squirrels.  A  flock  of  bobwhites, 
Colinus  virginianus  virginiamus^  soon  found  the  nuts  and  were  seen 
in  the  act  of  tearing  a  number  of  them  open  and  apparently  feeding 
on  the  contents.  When  the  nuts  were  afterwards  examined  frag- 
ments of  sound  kernel  were  foimd,  but  the  worms  which  the  nuts  had 
contained  were  missing.  It  seemed  reasonably  certain  that 'the  birds 
had  opened  the  nuts  to  obtain  the  larvae. 

Examination  of  stomachs  of  birds  by  the  Bureau  of  Biological 
Survey  show  that  at  least  three  native  birds  feed  on  the  larger  chest- 
nut curculio.  These  are  the  nighthawk,  Chordeiles  vii^ginianus  vir- 
ginianus^ red-eyed  vireo,  Vireosylva  olivacea^  and  eastern  bluebird, 
Sialia  sidlis  sialis.  Fragments  of  curculio  beetles  have  also  been 
found  in  the  stomachs  of  more  than  80  species  of  birds,  of  which 
swallows,  vireos,  the  crested  flycatcher,  Myiarchus  orinifus,  and  other 
flycatchers,  the  tufted  titmous,  Baeolophus  hieolar^  red-headed  Avood- 
pecker,  Melanerpes  erythrocephalus^  and  chewink,  Pipilo  erythroph- 
thalmus^  take  them  in  largest  numbers. 

The  writer  has  several  times  found  beetles  of  both  species  of  chest- 
nut curculios  entangled  in  the  webs  of  spiders  of  undetermined 
species,  the  spiders  having  devoured  the  softer  parts  of  the  beetles. 
Ants  of  several  kinds  have  also  been  observed  attacking  the  larvae. 
Some  solitary  wasps,  Cerceris  sp.,  numbering  about  40  females, 
were  observed  in  the  summer  of  1925  at  French  Creek,  W.  Va.,  stor- 
ing their  underground  nests  with  curculio  beetles.  AH  were  busy 
for  several  weeks  provisioning  their  burrows  exclusively  with  these 
beetles.  During  the  day  of  July  25  they  were  seen  to  bring  in  7T 
beetles.  However,  all  the  beetles  brought  at  that  time  were  of  two 
species  of  the  acorn-attacking  group,  Curculio  strictus  Casey  and 
C.  iow^nsis  Casey.  A  few  beetles  of  the  lesser  chestnut  curculio 
were  brought  in. 

Among  the  important  natural  enemies  of  chestnut  curculios  are 
several  parasitic  insects  which  destroy  the  larvae  and  pupae.  A 
small  2-winged  fly,  determined  by  J.  M.  Aldrich  as  Plectops  melis- 
sopodis  Coq.,  was  reared  by  the  writer  from  curculio  larvae  develop- 
ing in  acorns  of  Quercms  velutina  at  Boston,  Mass.,  in  1923.  Two 
hymenopterous  parasites  were  also  reared  from  weevil  larvae  in 
acorns.     These  were  Lissonota  sp.,  determined  by  S.  A.  Rohwer,  from 
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acorns  of  Q.  imim  collected  at  Cumberland,  Md.,  in  1923;  and  Urod- 
gdlflius  hwrheH  Cwfd.,  determined  by  R.  A.  Cushman,  from  cur- 
culio  larvae  in  the  same  lot  of  acorns  from  Cumberland.  These  para- 
sites attacking  curculio  larvae  in  acorns  may  be  regarded  as  probably 
enemies  of  the  similar  larvae  in  chestnuts. 

Two  parasitic  flies,  determined  by  Charles  T.  Greene  as  Whithemia 
quadrlpustidat^  Fab.  and  Myiophasia  nigHfrom  Tns.  (pi.  5,  B  and 
E),  were  found  attacking  chestnut  curculios  at  French  Creek,  W.  Va. 
The  former  was  reared  from  Curculio  prohoscideus  in  1922,  and  the 
latter  from  both  prohoscideus  and  auHger^  from  larvae,  probably 
€,  strictus^  found  in  acorns  of  Quercus  prlnus^  and  also  from  larvae 
in  acorns  of  Q.  n<in<i  at  Cumberland,  Md. 

What  appears  to  be  the  most  important  parasite  of  chestnut  cur- 
oulios  is  a  hymenopterous  species,  VrosigcAfhus  arvtatus  Ashm. 
(PL  5,  A  and  D.)  This  small,  ill-smelling,  wasplike  insect  has  been 
reared  in  numerous  localities  from  larvae  of  both  chestnut  curculios 
and  from  other  members  of  th^  group.  It  is  abundant  at  French 
Creek,  where,  in  some  seasons,  it  serves  as  a  noticeable  check  to  the 
ravages  of  the  curculios.  The  adult  parasite  appears  on  and  around 
chestnut  burs  near  the  beginning  of  the  oviposition  season  of  the 
beetles.  After  a  beetle  has  deposited  her  ^^^  the  female  parasite 
finds  the  opening  in  the  bur  or  nut  and  inserts  her  long,  threadlike 
ovipositor,  which  is  nearly  as  long  as  the  beak  of  the  female  curculio 
(pi.  5,  A),  and  deposits  its  egg  either  within  or  near  the  ^^^  of  the 
beetle.  The  curculio  ^^'g  hatches  and  the  resultant  grub  attains  full 
growth  and  enters  the  ground  with  the  parasite  within  it.  A  short 
time  before  the  curculio  grub  would  normally  pupate,  however,  the 
parasitic  larva  destroys  it  and  very  soon  thereafter  constructs  a 
brown  parchmentlike  cocoon  in  the  cell.  A  little  later  the  adult 
parasite  issues  from  the  ground  and  goes  to  the  trees,  where  the 
sexes  pair  and  the  beetle  soon  provides  punctures  in  which  to  lay 
more  eggs. 

The  adult  curculios  and  Urosigalphus  parasites  are  often  found  on 
the  same  bur.  On  several  occasions  the  female  parasites  were  ob- 
served remaining  near  the  female  beetles  while  the  latter  were 
preparing  to  lay  their  eggs,  and  when  a  beetle  would  finish  oviposit- 
ing and  depart  the  parasite  would  at  once  begin  a  search  for  the 
puncture.  In  one  case  a  male  beetle  was  observed  to  approach  a 
female  while  she  was  in  the  act  of  preparing  an  ^gg  puncture.  When 
near  the  female,  the  male  beetle  encountered  a  female  parasite  resting 
on  the  spines.  The  male  at  once  charged  the  parasite  and  attempted 
to  strike  it  with  its  beak  and  legs.  The  parasite  flew  away,  but  a 
moment  later  alighted  in  the  same  place.  The  beetle,  possibly 
recognizing  in  the  parasite  an  enemy,  again  attacked  it  and  drove 
it  away. 

METHODS  OF  CONTROL 

The  present  interest  in  planting  commercial  chestnut  orchards  is 
making  the  curculio  problem  of  increasing  importance.  In  many 
localities  the  tendency  of  the  nuts  to  become  excessively  wormy  is 
one  of  the  most  serious  obstacles  in  the  way  of  profitable  chestnut 
growing.  Remedial  measures  in  great  numbers  have  been  suggested, 
and  many  of  them  tested  with  varying  degrees  of  success.     The 
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peculiar  structure  of  the  adult  beetle,  with  mouth  parts  situated  at 
the  end  of  extremely  long  and  slender  beaks,  enables  them  to  obtain 
most  of  their  food  beneath  the  surfaces  to.  which  stomach  poisons 
can  be  applied.  The  larvae,  also,  feed  beyond  the  reach  of  stomach 
poisons  and  contact  insecticides.  These  habits,  together  with  the 
fact  that  the  curculios  in  large  numbers  breed  in,  and  may  spread, 
from,  wild  chestnut  and  chinquapin  trees,  where  control  practices 
can  not  usually  be  resorted  to,  render  many  of  the  measures  ordi- 
narily depended  upon  in  combating  insect  pests  of  little  or  no  value.. 
The  control  measures  discussed  below  apply  particularly  to  chest- 
nut trees  upon  which  considerable  care  may  be  bestowed  toward 
securing  crops  of  nuts.  Some  of  the  suggestions,  however,  are  ap- 
plicable to  almost  any  conditions  under  which  chestnuts  from  wild 
or  cultivated  trees  are  gathered  and  handled. 

TREATING  THE  NUTS  TO  KILL  THE  INSECTS 

The  treatment  of  freshly  gathered  chestnuts  to  kill  the  contained 
eggs  and  larvae,  as  with  heat,  cold,  or  poisonous  gases,  has  often  been 
recommended  and  practiced.  The  drawbacks  to  such  treatments  are 
their  likelihood  of  injuring  the  quality  of  the  sound  nuts  and  their 
inability  to  preserve  or  restore  the  flavor  of  the  infested  ones.  Chest- 
nut worms  do  not  move  from  one  nut  to  another,  and  no  sound  nuts 
become  infested  after  the  nuts  are  gathered.  All  larvae  which  appear 
in  the  nuts  after  harvest  hatch  from  eggs  that  were  laid  in  the  trees. 

The  advantages,  therefore,  in  treating  the  nuts  to  kill  the  insects 
are  that  an  end  may  at  once  be  made  of  the  insects,  and  the  possi- 
bility of  their  future  breeding  eliminated,  and  that  some  of  the 
infested  nuts  may  be  saved  for  germinating  purposes. 

Tests  of  the  use  of  high  or  low  temperatures  for  killing  worms 
in  chestnuts  have  been  made  by  several  of  the  members  of  the  Di- 
vision of  Deciduous  Fruit  Insects.  These  tests  have  not  developed 
a  satisfactory  remedy  for  the  injury  caused  by  curculios. 

Heat  tests  were  applied  by  W.  B.  Wood,  who  in  1916  subjected 
two  lots  of  chestnuts  for  two  hours  to  temperatures  of  120°  and 
130°  F.,  respectively.  The  larvae  in  the  nuts  heated  to  120°  were  not 
all  killed,  and  the  nuts  were  not  injured  seriously  by  the  heat.  In 
the  nuts  heated  to  130°  the  larvae  were  killed,  but  after  a  week  or 
two  the  nuts  became  dark  and  rancid  and  unfit  for  use. 

In  the  fall  of  1917  several  lots  of  chestnuts  were  placed  in  cold 
storage  at  different  temperatures  by  W.  B.  Whitcomb  and  later  re- 
moved to  the  laboratory  and  examined  to  note  the  effect  upon  the 
curculios.  These  temperature3  were  0°,  10°,  20°,  and  32°  F.,  respec- 
tively, the  nuts  being  kept  in  these  temperatures  for  from  10  days  to  2 
weeks.  In  the  nuts  subjected  to  temperatures  of  0°,  10°,  and  20°. 
the  larvae  were  apparently  all  killed,  but  the  nuts  soon  after  removal 
shriveled  and  became  inedible.  Those  treated  at  32°  F.  retained  their 
good  appearance  and  flavor  after  being  transferred  to  a  warm  room, 
but  the  larvae  within  them  were  not  all  killed.  The  foregoing 
and  other  dry-temperature  tests  which  have  been  applied  to  chest- 
nuts indicate  that  neither  heat  nor  cold  can  be  counted  on  as  a  satis- 
factory means  of  ridding  nuts  of  curculios. 
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Scalding  the  nuts  by  plunging  them  into  hot  water  long  enough 
to  kill  the  eggs  and  larvae  and  then  immediately  drying  them  is  a 
common  practice.  Unless  the  work  is  carefully  done  the  quality  of 
the  nuts  deteriorates  after  such  treatment.  It  has  been  found  that 
chestnuts  treated  from  30  to  45  minutes,  depending  on  the  size,  in 
water  at  120°  F.  will  afterward  germinate  satisfactorily. 

Another  method  of  killing  the  grubs  in  chestnuts  is  fumigation 
with  carbon  disulphide.  For  this  treatment  the  freshly  gathered 
nuts  are  placed  in  an  air-tight  box  or  barrel  and  the  carbon  disul- 
phide, in  the  proportion  of  1  ounce  to  60  pounds  of  nuts,  is  poured 
into  an  open  vessel  set  on  top  of  the  nuts.  A  tight-fitting  lid  or 
cover  is  then  placed  over  the  container,  and  it  is  kept  shut  for  15  or 
16  hours.  The  nuts  are  then  spread  out  to  air.  This  method  is  fatal 
to  most  of  the  larvae,  and  the  quality  of  the  nuts  is  not  seriously 
affected.  Success  in  killing  the  larvse  with  carbon  disulphide  de- 
pends upon  the  tightness  of  the  receptacle  in  which  the  gas  is  applied. 

DESTROYING  LABVJE  AFTER  THEY  LEAVE  THE  NUTS 

Whether  or  not  other  control  measures  are  used,  the  matter  of 
destroying  the  larvae  within,  or  after  they  leave,  the  nuts  should  not 
be  neglected.  A  few  of  the  larvae  of  the  larger  curculio  reach  full 
^owth  and  escape  before  the  nuts  drop  from  the  trees.  Most  of  the 
larvae  of  this  species,  however,  and  all  those  of  the  smaller  species, 
continue  to  feed  in  the  nuts  for  some  time  after  they  fall. 

One  of  the  disgustingly  familiar  sights  to  those  who  gather  and 
store  chestnuts  is  the  accumulation  of  grubs  which  soon  appears  in 
the  bottom  of  the  containers.  These  grubs,  after  leaving  the  nuts, 
constantly  move  about  in  search  of  some  means  of  reaching  the 
ground.  They  will  work  their  way  through  paper  or  cloth  bags  or 
through  very  narrow  cracky  or  other  openings  in  the  bottoms  of 
boxes  or  barrels.  Once  at  liberty,  they  may  crawl  and  roll  over  a 
floor  or  other  hard  surface  for  several  days  in  their  effort  to  find 
soil  into  which  to  burrow.  When  they  reach  the  ground  they  almost 
immediately  work  their  way  into  it,  with  good  chances  of  reappear- 
ing one  or  two  years  later  as  beetles,  ready  to  seek  chestnuts  in  which 
to  produce  more  worms. 

If  the  containers  have  tight  bottoms  the  larvae  die  within  five  or 
six  days  after  leaving  the  nuts.  However,  fresh  supplies  of  the 
larvae  are  issuing  daily  over  a  period  of  several  weeks,  and  all  such 
accumulations  of  worms  as  are  found  under  chestnuts  should  be  fed 
to  poultry  or  swine,  or  otherwise  destroyed.  In  order  to  allow  the 
fewest  possible  larvae  to  enter  the  soil  the  nuts  should  be  gathered 
as  soon  as  ripe  and  should  be  picked  clean  from  the  ground.  Sort- 
ing, if  necessary,  should  be  done  afterward,  and  the  worthless  nuts 
destroyed. 

Persons  undertaking  to  grow  chestnuts  in  places  remote  from  in- 
fested wild  or  orchard  trees  may  reasonably  count  on  immunity  from 
curculios  until  the  insects  are  artificially  introduced  into  the  locality. 
Under  such  circumstances,  planters  should  guard  against  the  bring- 
ing in  of  wormy  nuts,  for  a  few  of  these  dropped  in  the  vicinity  of  a 
curculio-free  plantation  may  provide  for  a  serious  and  permanent 
infestation  of  future  crops  of  nuts. 
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COLLECTING  BEETLES  BY  JARRING  THE  TREES 

Since  both  of  the  chestnut  curculios,  particularly  the  lesser  species, 
are  found  as  beetles  upon  the  trees  in  advance  of  the  egg-laying 
season,  it  would  seem  possible  to  dislodge  them  from  small  trees, 
and  low  branches  of  larger  trees,  by  jarring  them.  The  writer  has 
frequently  collected  from  the  male  catkins  of  chestnut  blossoms  as 
many  as  100  auriger  beetles  within  a  period  of  30  minutes  by  jarring 
branches  over  an  inverted  umbrella.  In  order  to  determine  the 
feasibility  of  this  method  of  destroying  the  curculio,  10  bearing  trees 
in  the  Government  chestnut  orchard  at  Bell,  Md.,  were  jarred  on  an 
average  of  every  fourth  morning  from  August  2  to  October  11,  1923. 
The  beetles  dropped  upon  sheets  which  were  spread  on  the  ground 
and  were  collected  and  killed.  This  work  was  superintended  by 
C.  F.  Swingle  and  Guy  E.  Yerkes,  of  the  Bureau  of  Plant  Industry. 

Although  curculios  were  abundant  in  the  orchard  at  Bell,  and  the 
trees  selected  were  apparently  well  suited  to  the  experiment,  only  61 
beetles  of  the  larger  and  125  of  the  lesser  curculio  were  collected  in 
the  seventeen  times  the  trees  were  jarred.  A  total  of  186  beetles  did 
not  seem  to  justify  the  amount  of  labor  required  for  this  method  of 
killing  the  insects. 

It  is  evident  that  during  the  period  between  the  dropping  of  the 
catkins  and  the  beginning  of  the  formation  of  the  kernel  in  the  nuts 
the  beetles  are  on  the  trees  only  in  limited  numbers.  It  also  ajDpears 
that  during  the  oviposition  period  the  beetles  often  cling  so  closely 
among  the  spines  or  in  the  crevices  of  the  burs  that  the  shock  of 
jarring  does  not  dislodge  many  of  them.  Jarring  as  a  method  of 
control  will  apparently  prove  practicable  only  in  exceptional  cases, 
as  where  small  trees  are  producing  nuts  of  sufficient  value  to  justify 
the  necessary  labor. 

SPRAYING 

The  possibility  of  destroying  the  beetles  by  the  use  of  poisonous 
sprays  has  often  been  considered.  A  few  chestnut  growers  in  this 
country  have  practiced  spraying  and  dusting  with  arsenicals,  in  some 
cases  with  apparently  good  results.  Laboratory  tests  made  by  the 
writer  in  September,  1922,  showed  that  the  larger  curculio  beetles 
may  be  killed  by  the  use  of  stomach  poisons,  but  the  experiment  gave 
negative  results  in  the  case  of  the  lesser  species.  In  these  tests 
chestnut  branches  bearing  foliage  and  burs  were  sprayed  with  a  mix- 
ture made  of  1  pound  of  powdered  lead  arsenate,  4  pounds  of  sugar, 
and  8  gallons  of  water.  The  sprayed  branches  were  set  in  water  jars 
and  covered  with  netting.  Over  one  of  the  branches  23  beetles  of  the 
larger  curculio  were  then  confined,  and  over  another  205  of  the  lesser 
curculio.  Like  numbers  of  the  beetles  were  inclosed  over  unsprayed 
branches  for  use  as  checks. 

The  larger  beetles  on  the  sprayed  branch  were  soon  observed  feed- 
ing on  the  surface  of  the  leaves  and  among  the  spines  of  the  burs, 
apparently  upon  the  residue  of  the  spray.  Twentj-four  hours  later 
one-half  of  these  beetles  were  dead,  and  others  followed  until  the 
third  day,  when  the  last  of  them  succumbed.  All  of  the  beetles  used 
as  checks  were  still  alive  when  the  last  of  the  poisoned  beetles  died. 
The  205  lesser  curculio  were  not  observed  to  do  any  feeding,  and  five 
days  after  they  were  inclosed  over  the  sprayed  branch   all  were 
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alive.  Sixty  days  later  many  of  the  smaller  beetles  were  still  active, 
although  no  food  was  available  other  than  what  might  be  supplied 
by  the  poisoned  and  now-withered  branch. 

A  field  test  of  spraying  was  arranged  in  1924  through  the  courtesy 
of  C.  A.  Reed,  nut  culturist,  and  G.  F.  Gravatt,  pathologist,  both  of 
the  Bureau  or  Plant  Industry,  and  both  interested  in  the  chestnut- 
curculio  problem.  The  test  was  made  in  the  Government  chestnut 
orchard  at  Bell,  Md.  The  orchard  offered  favorable  conditions  for 
the  experiment,  since  curculios  were  abundant  and  there  were  many 
bearing  trees  of  small  and  medium  size  which  could  be  conveniently 
sprayed. 

One  hundred  and  twenty-five  trees  of  both  chestnuts  and  chiqua- 
pins  of  several  species  and  varieties  were  selected  for  treatment. 
They  were  sprayed  July  24,  August  14,  and  September  8,  the  spray- 
ing mixture  consisting  of  1  pound  of  powdered  lead  arsenate,  1  gal- 
lon of  sirup,  and  3  pounds  of  lime  in  50  gallons  of  water.  In  the  last 
application  the  quantity  of  lead  arsenate  was  increased  to  II/2  pounds. 
The  explanation  of  the  small  quantity  of  lead  arsenate  used  is  that 
preliminary  tests  had  phown  that  larger  quantities  were  likely  to 
injure  chestnut  foliage  and  burs. 

When  the  nuts  borne  by  the  trees  used  in  the  experiment  ripened, 
promiscuous  collections  were  made  from  the  sprayed  and  unsprayed 
trees.  These  nuts  were  afterwards  counted  and  the  number  from 
the  sprayed  trees  found  to  be  1,443  and  those  from  the  unsprayed 
trees  678.  The  nuts  were  then  kept  at  outdoor  temperatures  and  re- 
cords made  of  all  larvae  that  issued.  From  1,443  sprayed  nuts  there 
emerged  2,142  larvae  of  the  lesser  curculio  and  109  larvae  of  the  larger 
curculio,  a  total  of  2,251  larvae  or  an  average  of  1.56  larvae  to  the  nut. 
From  the  678  unsprayed  nuts  there  issued  2,156  larvae  of  the  lesser 
curculio  and  139  larvae  of  the  larger  curculio,  a  total  of  2,295,  or  an 
average  of  3.4  larvae  to  the  nut. 

Although  the  results  of  this  spraying  experiment  were  far  from 
satisfactory,  they  showed  an  actual  reducti6n  in  the  number  of  cur- 
culios attacking  the  sprayed  nuts  of  more  than  50  per  cent.  It  is 
worthy  of  note  that  in  this  case  the  spraying  seems  to  have  reduced 
the  number  of  the  lesser  curculio  in  about  the  same  proportion  as  the 
larger  species. 

OTHER  MEASURES  OF  CONTROL 

Among  other  control  methods  which  suggest  themselves,  but  which 
have  not  been  well  tested,  are  the  destruction  of  the  insects  while  they 
are  undergoing  transformation,  by  cultivating  the  ground,  pasturing 
orchards  with  swine,  and  the  use  of  soil  fumigants.  Curculios  in 
some  stage  of  their  life  cycle  are  in  the  soil  at  all  times.  From  late 
fall  to  early  spring  there  are  two  generations  of  the  lesser  curculio 
and  one  generation  of  the  larger  curculio,  all  ensconced  within 
earthen  cells  situated  only  a  few  inches  beneath  the  surface.  When 
these  cells  are  broken  in  cold  weather,  by  cultivation  or  otherwise, 
the  insects  exposed  are  likely  to  perish.  During  the  spring  and 
early  summer,  when  cultivation  is  usually  carried  on  for  the  benefit 
of  crops,  there  are  also  curculios  in  the  ground  which  may  be  de- 
stroyed to  some  extent  by  stirring  the  soil.  Thus  cultivation  at  any 
season  of  the  year,  in  connection  with  a  careful  cleaning  up  of  crop 
remnants,  tends  to  reduce  the  injury  from  these  insects. 
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TECHNICAL  DESCRIPTIONS  ^ 

DESCRIPTION   OF   THE   MATURE  LARVA    OF   CURCULIO   PROBOSCIDEUS  FAB. 

Body :  Larva  (pi.  6,  F)  ranging  in  length  from  about  9  to  12  mm.  and  in 
width  from  5  to  6  mm.  A  white,  fleshy,  completely  legless  grub,  rather  thick 
bodied,  cylindrical,  and  cyrtosomatic. 

Head  (pi.  6,  A)  :  Dark  yellowish -brown,  the  entire  mouth  frame  and  man- 
dibles much  darker.  Slightly  broader  than  the  length  from  anterior  margin 
of  frons  to  occipital  foramen,  the  sides  broadly  rounded.  Epicranial  suture 
distinctly  longer  than  half  of  cranium,  adfrontal  sutures  not  present.  Each 
epicranial  half  with  eight  normal  and  five  minute  setae  arranged  as  shown 
in  A.  Ocelli  one  on  each  side,  reduced  to  a  pigmented  optical  spot,  placed  near 
the  antenna.  Frons  if)  about  two-thirds  the  length  of  the  epicranial  suture: 
median  frontal  carina  well  defined  and  extending  about  one-third  the  distance 
from  posterior  angle  to  anterior  margin  of  frons.  Two  large  and  three  minutp 
setae  on  each  side  arranged  as  shown  in  A;  two  sensory  spots  on  each  side. 
Position  of  the  minute  setae  and  sensory  spots  not  constant  but  varying  in 
individual  specimens.  Antenna  (E)  small,  2-jointed,  located  at  lateral  angle 
of  frons ;  basal  joint  broad  and  short  and  supplied  with  about  seven  small 
papillae,  second  joint  slender  and  short.  Clypeus  transverse,  about  three  times 
as  wide  as  long  and  bearing  on  each  side  two  fine  setae  and  a  sensory  spot 
between,  at  suture  between  clypeus  and  epistoma.  Labrum  transverse,  anterior 
margin  convex,  about  one-half  length  of  clypeus.  Dorsal  face  of  labrum  (A) 
with  three  setae  on  each  side.  Anterior  margin  with  a  group  of  three  lateral 
and  a  median  group  of  three  short,  stout  setae  on  each  side.  Dorsal  face  of 
labrum  with  about  three  sensory  spots.  Ventral  face  (or  epipharynx)  with  two 
pairs  of  setae  and  two  sensory  spots  between  the  epipharyngeal  rods.  Mandible 
(J)  subtriangular,  inside  slightly  concave;  distally  bluntly  pointed,  usually 
without  teeth.  Two  setae  on  external  face.  Maxilla  (K,  L)  :  Cardo  (ca) 
smooth,  yellowish-brown,  no  setae.  Stipes  proper  (st)  smooth,  yellowish-brown, 
with  one  large  seta,  one  minute  seta,  and  one  sensory  spot.  Palpiger  (g) 
soft,  with  two  setae  on  ventral  face.  Maxillary  mala  (or  lobe)  (m)  single, 
large,  tip  obtuse  and  rounded,  reaching  tip  of  basal  joint  of  palpus;  buccal 
face  with  eight  stout  setae,  ventral  face  with  two  long  setae,  tip  with  one  long 
and  two  short  setae.  Maxillary  palp  (p)  short,  with  two  joints;  basal  joint 
slightly  longer  and  about  twice  as  wide  as  apical,  which  is  conical  and  slightly 
longer  than  wide;  basal  joint  with  one  seta  and  two  sensory  spots;  apical 
joint  with  about  10  terminal  papillae  and  1  sensory  spot.  Subfacial  area  (L,  sf) 
undivided,  formed  by  a  fusion  of  the  mental,  submental,  and  maxillary  articu- 
lating areas.  It  carries  a  pair  of  long  setae  and  two  pairs  of  short  setae. 
Labial  stipites  (L,  st)  fused  medianly  and  posteriorly  limited  by  a  triangularly 
bent  chitinization  which  also  extends  anteriorly  between  the  two  stipites  to 
the  ligula;  one  long  seta  on  each  labial  stipes.  Labial  palp  2-jointed;  basal 
joint  about  as  long  as  and  twice  as  wide  as  apical,  which  is  conical ;  basal  joint 
with  one  sensory  spot;  apical  joint  papillose  at  tip,  one  sensory  spot.  Ligula 
short  and  thick,  fleshy;  ventral  face  (L,  li)  with  one  pair  of  minute  setae  and 
one  pair  of  sensory  spots;  dorsal  face  (K,  In),  with  one  pair  of  minute  setae 
and  one  pair  of  sensory  spots.  Hypopharynx  and  paragnatha  fused.  Para- 
gnathal  region  (K,  pst)  represented  on  each  side  by  an  asperite  area  the  pos- 
terior limit  of  which  is  indicated  by  two  elongate,  parallel  chitinizations. 
Hypopharynx  (K,  hyp)  membranous,  with  a  distinct  median  fold.  Hypo- 
pharyngeal  bracon  present. 

Thorax:  Tergum  of  prothorax  simple,  not  differentiated  into  tergal  areas, 
each  side  with  a  lightly  chitinized,  indistinctly  defined  yellowish-brown  shield. 
Eleven  setae  on  each  side  arranged  as  shown  in  F.  Mesothorax  and  metathorax 
with  tergum  divided  into  two  areas,  the  one  prescutum,  the  other  scuto-scutel- 
lum  plus  alar  area.  Prescutum  (psc)  with  one  seta;  scuto-scutellum  (sc-scl) 
with  four  setae;  alar  area  (a)  with  one  seta.  Epipleurum  (F,  e)  of  prothorax 
triangular,  without  setae,  situated  partly  in  front  of,  partly  below  tergum  and 
above  hypopleurum  and  separated  from  this  area  by  the  ventro-lateral  suture. 
Preepipleurum  (ea)  of  mesothorax  large  and  provided  with  two  setae;  meso- 
thoracic  postepipleurum  (e6)  small,  triangular.  Meta thoracic  preepipleurum 
and  postepipleurum  similar  to  the  corresponding  mesothoracic  areas.     Hypo- 
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pleural  and  sternal  areas  of  all  thoracic  segments  similar  in  position  and  shape. 
Hypopleurum  (hy)  situated  below  the  ventro-lateral  suture,  with  two  fine  setae 
on  the  prothoracic  lobe  and  one  seta  on  each  of  the  mesothoracic  and  meta- 
thoracic  lobes.  Presternum  wanting  in  each  segment,  eusternum  (eat)  large, 
unpaired,  with  one  seta  on  each  side;  prothoracic  eusternum  smaller  than  the 
two  following.  Parasteruum  (or  coxal  lobe)  (ex)  triangular,  with  rounded 
swelling  below  hypopleurum;  seven  normal  and  two  minute  set»  present,  also 
one  sensory  spot. 

Abdomen:  The  first  seven  abdominal  segments  very  similar  in  form,  shape, 
and  size;  the  last  three  segments  modified  and  reduced  in  size.  Tergum 
divided  into  prescutum  ipse),  scutum  («c),  scutellum  (scl),  and  a  rather  large 
alar  area  (a).  Prescutum  with  one  fine  seta;  scutum  without  setoe;  scutellum 
with  three  large  and  two  small  set»;  alar  area  with  two  minute  setse.  Epi- 
pleurum  (c)  ventrally  limited  by  the  ventro-lateral  suture;  median  region  with 
one  normal  and  one  minute  seta.  Hypopleurum  (Jiy)  below  the  ventro-lateral 
suture,  semioval,  with  one  normal  seta  and  one  minute.  Presternum  wanting, 
eusternum  (est)  same  as  in  thoracic  segments  but  with  two  fine  setae  on  each 
side.  Parasternum  (or  coxal  lobe)  (ex)  triangular,  with  one  minute  seta. 
Eighth  and  ninth  abdominal  segments  smaller  than  the  foregoing  segments, 
with  tergal  areas  less  differentiated  or  undifferentiated  and  with  fewer  setae 
(F).  Tergum  of  eighth  abdominal  segments  above  divided  into  but  two  areas; 
prescutum  faintly  indicated  but  bearing  no  setae;  scutellum  fairly  well  in- 
dicated and  carrying  one  long  and  two  minute  setae;  scutum  and  alar  area 
fused  and  one  of  the  minute  setae  normally  found  on  alar  area  present.  Tergum 
of  ninth  abdominal  segment  undivided,  all  areas  being  fused  together,  the  epi- 
pleurum  and  hypopleurum  of  this  segment  likewise  fused  and  together  forming 
a  large  semiglobular  lobe.  Tenth  abdominal  segment  small,  globular,  with 
terminal  round  anus;  six  small  setae  present.  Spiracles  (D)  bifore,  with  well- 
developed  air  tubes,  each  of  these  with  about  9  to  12  annuli  in  abdominal 
spiracles  and  with  about  15  in  thoracic  spiracle;  spiracular  opening  slitlike. 
Mesothoracic  spiracle  located  immediately  in  front  of  the  preepipleurum  of  the 
mesothorax,  the  spiracle-carrying  area  not  clearly  limited,  and  questionable 
whether  the  area  belongs  to  the  prothorax  or  to  the  mesothorax.  Spiracle 
nearly  twice  as  large  as  those  of  the  abdominal  segments  and  the  air  tubes 
directed  dorsad.  A  rudimentary  metathoracic  spiracle  present,  located  on  a 
small  anterior  section  of  the  metathoracic  epipleurum.  Abdominal  spiracles 
found  on  first  eight  abdominal  segments,  located  in  small  triangular  areas,  an- 
teriorly placed  above  the  preepipleural  lobes,  the  air  tubes  directed  caudad  and 
slightly  dorsad.  Eighth  abdominal  spiracle  placed  slightly  more  dorsad  than 
the  rest. 

DESCRIPTION   OF  THE  MATURE   LARVA  OF   CURCULIO   AURIGER  CAS. 

The  mature  larva  of  this  species  of  Curculio  auriffer  closely  resembles  that  of 
C.  prohoscideus  in  nearly  every  respect.  It  is  shorter  in  length  and  more  slender 
in  form  when  fully  grown,  but  large  specimens  are  easily  confused  with  small 
specimens  of  C  prohoscideus.  The  full-grown  larva  of  C.  aunger  ranges  in 
length  from  about  8  to  9.5  nmi.,  whereas  that  of  C.  prohoscideus  ranges  in  length 
from  about  9  to  12  mm. 

The  head  is  provided  with  several  characters,  how  ever,  that  render  it  a  simple 
matter  to  distinguish  between  the  larvae  of  the  two  species.  In  C.  auriffer 
the  adfrontal  suture  (B,  ads)  is  represented  on  each  side  by  a  short,  oblique, 
longitudinal,  white  stripe  rising  from  the  frontal  suture.  The  suture  is  entirely 
lacking  in  C.  prohoscideus.  This  difference  may  be  readily  seen  with  a  go<Kl 
hand  lens.  Tho  frons  (A,  f)  is  provided  with  two  pairs  of  large  setae  and 
three  pairs  of  minute  setae  in  C.  prohoscideus;  in  C.  auriffer  the  frons  (B,  f) 
is  provided  with  two  pairs  of  large  .setae  but  with  only  two  pairs  of  minute  setae. 
The  maxillary  mala  of  0.  prohoscideus  (G)  is  provided  on  the  buccal  face  with 
eight  stout  setae,  that  of  C.  auriger  (H)  with  but  seven. 

The  air  tubes  of  the  abdominal  spiracles  of  C.  prohoscideus  are  about  twice 
as  long  as  those  of  C.  auriger  and  are  composed  usually  of  about  9  to  12 
annnli.  In  O.  auriger  the  air  tubes  are  composed  usually  of  about  7  or  8 
annuli.  The  number  of  annuli  varies  somewhat  in  both  species,  even  among 
the  spiracles  of  the  same  individual. 
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SUMMARY 

The  two  curculios  which  attack  chestnuts  and  chinquapins  in  the 
United  States  are  known  as  the  larger  chestnut  curculio,  Curculio 
fTohoscideus^  and  the  lesser  chestnut  curculio,  C,  auriger.  Both 
species  are  native  to  North  America  and  are  found  over  practically 
the  entire  range  of  the  native  chestnut  and  chinquapins. 

In  many  localities  curculios  often  destroy  from  one-half  to  three- 
fourths  of  the  chestnut  crop  and  occasionally  even  a  greater  pro- 
portion of  the  nuts  are  ruined.  Nuts  that  appear  sound  when  they 
are  harvested  may  contain  eggs  which  soon  hatch. 

There  is  in  this  country  considerable  interest  in  planting  chestnut 
orchards  for  nut  production,  especially  of  certain  foreign  varieties 
which  are  somewhat  resistant  to  the  chestnut  blight.  These  chest- 
nuts, however,  are  subject  to  destructive  curculio  attacks  when 
planted  here,  and  the  curculio  problem  is  becoming  as  great  as  that 
of  the  blight. 

The  life  cycle  of  the  larger  chestnut  curculio  covers  a  period  of 
one  year,  a  few  individuals  of  each  generation  requiring  two  years 
to  complete  the  cycle.  The  beetles  appear  on  the  trees  at  the  time 
the  burs  are  approaching  full  growth  and  deposit  their  eggs  in  holes 
drilled  through  the  spiny  covering  into  the  flesh  of  the  nuts.  The 
grubs  hatching  from  the  eggs  feed  in  the  nuts,  and,  when  full  grown, 
enter  the  ground,  where  they  make  cells  a  few  inches  beneath  the 
surface  and  pass  the  winter  as  larvae.  The  following  summer  they 
pupate  and  then  change  to  beetles  in  time  to  issue  and  attack  the 
growing  nuts. 

The  life  cycle  of  the  lesser  chestnut  curculio  covers  a  period  of  two 
years,  a  few  individuals  of  each  generation  requiring  three  years 
to  complete  the  cycle.  The  beetles  issue  from  the  ground  in  the 
spring  before  chestnut  trees  come  into  bloom.  They  spend  the 
summer  in  comparative  inactivity  among  the  branches  of  trees,  and, 
when  chestnuts  and  chinquapins  begin  to  ripen,  collect  on  the  burs, 
and  mate  there,  the  females  then  laying  eggs  in  the  nuts  of  the 
opening  burs.  The  larvae  enter  the  ground  late  in  the  fall,  spend 
the  winter  and  the  following  summer  in  their  earthen  cells,  then 
pupate  and  change  to  beetles  in  the  fall.  The  beetles  remain  withir 
their  pupal  cells  until  spring  and  then  issue  and  seek  the  trees. 

The  chestnut  curculios  are  known  to  have  a  number  of  natural 
enemies.  Among  these  are  gray  squirrels,  shrews,  several  species 
of  birds,  spiders,  ants,  two  species  of  dipterous  parasites,  and  one 
hymenopterous  parasite,  Urosigalphus  armatus^  which  is  of  con- 
siderable importance  in  some  localities  in  reducing  the  number  of 
curculios. 

The  nut  curculios  are  difficult  to  control.  The  mouth  parts  of  the 
beetles  are  situated  at  the  tip  of  the  long  beak,  enabling  them  to 
obtain  most  of  their  food  beneath  surfaces  to  which  sprays  may  be 
applied.  The  grubs,  also,  feed  beyond  the  reach  of  stomach  poisons 
and  contact  insecticides. 

The  larvae  in  the  nuts  may  be  killed  by  subjecting  the  nuts  to  cold 
or  heat  treatments,  but  when  the  temperature  is  sufficiently  low  or 
high  to  kill  the  insects,  the  quality  of  the  sound  nuts  is  impaired. 
Fumigation  with  carbon  disulphide  may  be  used  for  destroying  the 
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insects  in  the  nuts  without  seriously  affecting  the  quality  of  the 
sound  kernels.  Nuts  that  contain  egg  punctures,  even  though  the 
eggs  and  the  openings  through  which  they  were  inserted  are  practi- 
cally invisible,  soon  acquire  a  musty  flavor  and  become  unfit  for  food. 

Particular  attention  should  always  be  paid  to  destroying  the  grubs 
that  issue  from  gathered  nuts,  and  growers  in  districts  where  the 
curculios  do  not  occur  should  use  every  precaution  against  the  intro- 
duction of  wormy  nuts. 

Beetles  may  be  collected  from  bearing  trees  by  jarring  the  branches 
over  sheets.  For  best  results  this  should  be  done  repeatedly  while 
the  trees  are  in  bloom,  and  should  also  be  done  after  the  burs  on  the 
trees  are  nearly  full  grown. 

Spraying  experiments  have  shown  that  curculio  injury  to  chestnuts 
may  be  reduced  by  the  use  of  arsenical  poisons  applied  to  the  trees 
in  late  summer  and  fall.  It  seems  questionable,  however,  whether 
sufficient  benefit  may  be  obtained  to  justify  the  labor. 

Other  control  measures  which  should  not  be  neglected  under 
orchard  conditions  are  the  destruction  of  the  insects,  while  they  are 
undergoing  transformation  in  the  ground,  by  cultivating  the  soil, 
pasturing  the  orchards  with  swine  after  the  crop  is  gathered,  using 
soil  fumigants,  and  cleaning  up  all  crop  remnants,  to  destroy  the 
larvse  which  they  may  contain. 


ORGANIZATION  OF  THE 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

Ausrust  12,  1929 


Secretary  of  Agriculture Arthur  M.  Hyde. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Work A.  F.  Woods. 

Director  of  Regulatory  Work Walter  G.Campbell. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Personnel  and  Business  Adminis-     W.  W.  Stockberqer. 
tration. 

Director  of  Information M.S.  Eisenhower. 

Solicitor R.  W.  Williams. 

Weather  Bureau Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  M ohle r,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redinqton,  Chief. 

Bureau  of  Public  Roads Thomas  H.  MacDonald,  Chief. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Administration-  C.  L.  Marlatt,  C/iie/. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Food,  Drug,  and  Insecticide  Administration..  Walter  G.  Campbell,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations E.  W.  Allen,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 


This  bulletin  is  a  contribution  from 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Division  of  Deciduous  Fruit  Insects A.  L.  Quaintance,  Associate  Chief , 

in  Charge. 
24 


U.  S.  GOVERNMENT  PRINTING  OFFICE:  1929 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C. Price  10  cents 


Technical  Bulletin  No.  129 


November,  1929 


FLOW  OF  WATER 
IN  DRAINAGE  CHANNELS 

The  Results  of  Experiments 

to  Determine  the  Roughness  Coefficient  n 

in  Kutter's  Formula 

BY 
C.  E.  RAMSER 

Drainage  Engiiuer,  Division  of  Agricultural  Engineering 
Bureau  of  Public  Roads 


United  States  Department  of  Agriculture,  Washington,  D.  C. 


For  sale  by  the  Superintendent  of  Documents,  Washington,  1).  C. 


Price  40  centi 


TECHNICAL  BULLETIN  No.  129 


November.  1929 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


FLOW    OF    WATER    IN     DRAINAGE 
CHANNELS^ 

The  Results  of  Experiments  to  Determine  the  Rough- 
ness Coefficient  n  in  Kutter's  Formula 

By  C.  E.  Ramser,  Drainage  Engineer^  Division  of  Agricultural  Engineering,  Bureau 

of  Public  Roads 


CONTENTS 


Page 

Introfluction... 1 

Field  measurements 2 

Discharge 2 

Slope  of  water  surface 3 

Cross  sections 4 

Computations- 4 

Tabulated  results 6 

Description  of  channels.. 7 

Course... 7 

Cross  section 7 

Side  slopes  and  bottom 7 

Soil - 8 

Condition 8 

When  constructed 8 

Accuracy  of  results 9 


Page 

Description  of  experiments- 9 

Experiments  in  Lee  County,  Miss— 9 

Experiments  in  Washington  and  Bolivar 

Counties,  Miss. 15 

Experiments  in  western  Tennessee 28 

Experiments  in  western  Iowa... 44 

Experiments  in  southern  North  Carolina.  60 

Experiments  in  eastern  Florida... 63 

Experiments  in  eastern  Arkansas.. 64 

Exi)eriments  in  southeastern  Missouri...  71 

Experiments  in  central  Illinois 88 

Variation  of  n  with  stage  in  ch  annel 98 

Maintenance. 99 

Application  of  results. 99 

Conclusions 100 

Recommendations  for  design 101 


INTRODUCTION 

Kutter's  formula  is  generally  accepted  by  engineers  as  being  the 
most  satisfactory  formula  in  use  for  computing  the  flow  of  water  in 
open  channels.  After  a  thorough  and  unbiased  study  of  all  known 
formulas  for  computing  the  flow  in  open  channels,  engineers  of  the 
Miami  conservancy  district  concluded  that  ''although  the  Kutter 
formula  is  not  ideal  it  is  the  best  equation  available  at  the  present 
time."^  The  results  obtained  by  the  use  of  this  formula  are,  how- 
ever, affected  to  such  a  degree  by  the  coefficient  of  roughness,  n,  that 
the  selection  of  the  correct  value  for  this  factor  is  a  matter  of  the 
highest  importance.  The  series  of  experiments  described  and  sum- 
marized in  the  following  pages  were  made  for  the  purpose  of  deter- 
mining just  what  values  of  n  properly  apply  to  the  various  conditions 
of  channel,  and  the  endeavor  has  been  made  to  present  this  informa- 
tion in  the  form  that  will  be  of  the  most  practical  value  to  engineers 
charged  with  the  design  of  drainage  channels  or  the  computation  of 
the  discharge  capacity  of  existing  channels. 

•  This  bulletin  is  a  revision  of  and  supersedes  Department  Bulletin  832,  The  Flow  of  Water  in  Dredged 
Drainage  Ditches. 

» HouK,  I.  E.  CALCULATION  or  FLOW  IN  OPEN  CHANNELS.  Miami  [OhioJ  CoDserv.  Dist.,  Tech.  Rpts. 
pt.  4,  283  p.,  iUus.    1918. 
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The  term  n  in  Kutter's  formula  is  a  measure  of  all  the  conditions 
in  a  channel  that  tend  to  retard  the  flow.  It  is  quite  often  regarded 
as  simply  a  measure  of  the  friction  between  the  flowing  water  and  the 
material  forming  the  perimeter,  all  other  conditions  in  the  channel 
being  disregarded.  Some  of  the  conditions  that  influence  the  value 
of  n  for  earth  channels  are  irregularities  in  the  wetted  perimeter, 
nonuniformity  of  cross  section  in  size  and  shape,  the  growth  of  vege- 
tation in  the  channel,  such  as  grass,  weeds,  roots,  vines,  bushes  and 
trees,  and  the  presence  of  other  obstructions  to  flow,  such  as  logs, 
stumps,  drift,  and  debris  of  all  kinds.  Various  combinations  of  these 
conditions  that  may  exist  in  a  channel  make  it  difficult  to  choose  the 
proper  value  of  n  in  computing  the  flow  of  an  open  channel  or  the 
probable  flow  for  proposed  artificial  channels.  The  engineer  who 
has  had  a  wide  personal  observation  of  conditions  in  channels  for 
which  values  of  n  have  been  determined  is  generally  well  qualified  to 
choose  the  proper  values  of  n  in  the  design  of  channels.  On  the  other 
hand,  the  engineer  who  has  not  had  similar  experience  must  depend 
for  his  choice  of  n  upon  views  and  descriptions  of  channels  for  which 
values  of  n  have  been  determined  by  experiment.  In  this  bulletin, 
views  and  careful  descriptions  of  the  channels  for  which  values  of  n 
were  determined  are  presented  as  being  the  best  method  of  making 
the  results  of  practical  application. 

The  experiments  described  were  conducted  in  nine  different 
localities,  namely,  Lee  County,  Miss.;  Washington  and  Bolivar 
Counties,  Miss.;  western  Tennessee;  western  Iowa;  southern  North 
Carolina;  eastern  Florida;  eastern  Arkansas;  southeastern  Missouri; 
and  central  Illinois.  All  of  the  experiments  with  the  exception  of 
those  in  North  Carolina  and  Florida  were  made  by  the  author,  or 
under  his  immediate  direction  by  other  engineers  of  the  United  States 
Department  of  Agriculture.  The  experiments  in  North  Carolina  were 
made  by  A.  D.  Morehouse,  and  those  in  Florida  by  F.  E.  Staebner  and 
A.  O.  Kay,  also  engineers  of  this  department.  The  field  data  in 
Arkansas  were  collected  by  P.  T.  Simons,  those  in  Illinois  by  R.  A. 
Norton,  and  those  for  the  second  set  of  experiments  in  Washington 
and  Bolivar  Counties,  Miss.,  by  B.  S.  Clayton;  in  Tennessee,  H.  S. 
Andrews  and  A.  L.  Lane  assisted  in  collecting  the  data.  The  experi- 
ments in  central  Illinois  were  made  in  cooperation  with  the  engineer- 
ing experiment  station  of  the  University  of  Illinois,  represented  by 
G.  W.  Pickels.  All  of  the  experiments  were  conducted  under  the 
general  direction  of  S,  H.  McCrory,  Chief  of  the  Division  of  Agri- 
cultural Engineering. 

FIELD  MEASUREMENTS 

DISCHARGE 

Particular  care  was  taken  to  secure  accurate  discharge  measure- 
ments. With  few  exceptions  the  gaging  stations  were  located  on  single 
span  bridges,  so  that  there  was  no  interference  with  the  natural  flow 
of  the  water.  Where  suitable  existing  bridges  at  desirable  sections 
could  not  be  found,  suspension  footbridges  were  constructed,  one  of 
which  is  shown  in  Plate  17,  C.  A  cable  gaging  station  was  built  on 
the  Bogue  Phalia  Channel  in  Bolivar  County,  Miss.  Where  the  cable 
stations  and  suspension  bridges  were  built,  ideal  gaging  sections  were 
obtained. 
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Velocity  measurements  were  made  with  a  small  Price  current  meter. 
These  measurements  were  made  at  intervals  oi  2}/^  feet  across  the 
streams  for  the  smallest  channels,  5  feet  for  the  medium-sized  chan- 
nels, and  10  feet  for  the  largest  channels,  except  as  noted  for  the 
flood  ways  in  Arkansas  and  Missouri.  At  the  measuring  points 
the  velocity  was  determined  at  the  surface,  mid-depth,  and  the  bottom 
of  the  stream.  In  a  few  instances  the  velocity  was  measured  at  0.2 
and  0.8  depths.  The  best  methods  were  observed  in  the  use  and  care 
of  the  current  meter,  and  it  is  believed  that  the  results  are  entirely 
dependable. 

Carefully  made  soundings  were  obtained  during  low-water  stages 
at  the  velocity-measuring  points  and  wherever  a  decided  change  in 
the  perimeter  of  the  channel  took  place.  As  a  check  on  these  measure- 
ments, and  to  detect  any  changes  due  to  silting  or  erosion,  soundings 
were  also  made  at  the  time  of  the  velocity  measurements.  The 
depths  were  measured  to  the  nearest  tenth  of  a  foot. 

SLOPE  OF  WATER  SURFACE 

The  slope  of  the  water  surface,  except  in  a  few  cases,  was  measured 
along  the  straightest  and  most  uniform  course  of  channel  available 
near  the  gaging  station.  The  courses  chosen  were  such  that  no 
tributary  streams  entered  the  channel  and  no  decidedly  abrupt 
changes  in  the  bottom  grade  of  the  channel  occurred  along  the  courses, 
and  ordinarily  were  so  located  as  to  exclude  such  obstructions  as  logs, 
fallen  trees,  piling,  and  bridge  piers.  In  one  experiment,  however, 
courses  were  chosen  with  a  view  to  determining  the  influence  of  such 
obstructions  upon  the  flow.  Where  not  limited  by  the  conditions 
named  above,  the  length  of  the  course  was  made  at  least  ten  times  the 
top  width  of  the  channel.  It  was  apparent  that  representative  values 
of  n  could  not  be  obtained  for  a  channel  if  a  long  course  were  chosen 
without  regard  to  the  conditions  mentioned  above.  For  instance, 
during  a  high  stage  in  the  Bogue  Hasty  channel,  in  Bolivar  County, 
Miss.,  drift  accumulated  at  a  pile  trestle  bridge  just  above  the  slope 
course,  causing  a  fall  of  0.3  foot  from  the  upstream  to  the  downstream 
side  of  the  bridge.  The  actual  slope  of  the  water  surface  for  this 
channel  v/as  less  than  1  foot  per  mile,  from  which  it  is  apparent  that 
had  a  long  slope  course  been  chosen  which  included  this  bridge, 
decidedly  different  values  of  n  would  have  been  obtained.  Also  where 
long  slope  courses  are  used,  incorrect  values  of  n  are  often  obtained, 
due  to  the  entrance  of  surface  water  along  the  course. 

In  these  experiments  the  slope  of  the  water  surface  was  determined 
by  making  vertical  measurements  from  permanently  set  reference 
points  to  the  surface  of  the  water.  These  reference  points  were 
established  on  horizontal  arms  extending  from  vertical  posts  set 
firmly  in  the  ground  at  each  end  of  the  course.  Variations  in  water 
level  of  from  3  to  4  feet  could  be  measured  from  each  post,  and  a 
sufficient  number  of  posts  were  set  on  the  side  slope  of  the  channel 
so  that  all  fluctuations  in  water  surface  could  be  measured.  The 
elevations  of  the  points  on  the  arms  of  the  posts  were  determined 
with  a  level  to  the  nearest  two  or  three  thousandths  of  a  foot  and 
were  carefully  checked  after  every  high  stage  in  the  stream  to  detect 
any  possible  changes  due  to  the  disturbance  of  the  posts.  The  posts, 
however,  were  set  in  such  a  substantial  manner,  that  very  seldom 
were  any  changes  found.     The  vertical  measurements  from  the  points 
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on  the  arms  to  the  water  surface  were  made  with  a  hook-gage  meas- 
uring rod.  In  some  instances  a  stilHng  box  arrangement  was  em- 
ployed in  connection  with  the  hook  gage.  These  measurements 
were  made  either  before  or  after  the  gaging  was  made,  and  often 
both  before  and  after.  They  were  made  simultaneously  by  observers 
at  either  end  of  the  course,  or  by  one  observer  who  first  read  at  the 
end  of  the  course  nearer  the  gaging  station,  then  at  the  other  end, 
and  then  repeated  the  first  measurement,  the  average  of  the  first  and 
third  measurements  being  used.  This  method  is  based  upon  the 
assumption  that  the  same  time  elapses  between  the  first  and  second 
measurements  as  between  the  second  and  third  measurements;  hence 
errors  due  to  a  rising  or  falling  stage  are  practically  eliminated.  Realiz- 
ing that  the  accuracy  of  the  results  depended  largely  upon  a  correct 
determination  of  the  slope,  the  utmost  care  was  taken  to  secure 
accurate  and  dependable  slope  measurements. 

CROSS  SECTIONS 

The  length  of  the  slope  course  was  carefully  measured  along  one 
bank  of  the  stream  and  stakes  were  placed  at  intervals  of  50  or  100 
feet  to  mark  the  points  where  the  cross  sections  were  to  be  taken. 
Where  the  channel  was  regular  the  cross  sections  were  taken  at 
intervals  of  100  feet.  Where  the  channel  was  irregular  they  were 
taken  50  feet  apart,  or  at  such  irregular  intervals  as  to  represent  as 
nearly  as  possible  the  true  average  cross  section  of  the  course.  In 
making  the  cross-sectional  measurements,  distances  across  the  channel 
were  measured  from  the  stakes  to  the  nearest  tenth  of  a  foot.  For 
the  smaller  channels,  where  wading  was  possible,  elevations  on  the 
bottom  and  side  slopes  of  the  channels  were  taken  with  a  level  and 
rod  to  the  nearest  tenth  of  a  foot,  and  were  taken  at  intervals  of  5 
feet  across  the  channel  and  at  all  points  where  a  change  in  slope 
occurred.  For  the  larger  channels  the  measurements  in  the  water 
section  were  generally  taken  from  a  boat  attached  to  a  rope  stretched 
across  the  stream  and  fastened  securely  on  both  sides. 

COMPUTATIONS 

In  the  experimental  determination  of  the  value  of  n  in  Kutter's 

formula. 

Ai  a  ,  1.811     0.00281 

41.6  +  -— —  + o^ — - 

C=  n  h 


("■-^^)i 


1  + 


the  coefficient  C  is  first  obtained  from  Chezy  's  formula, 

V=  C^jRS 

and  then  the  value  of  n  by  solving  for  n  in  Kutter's  formula.  In 
solving  Chezy 's  formula  for  C  the  following  terms  must  be  known : 

F,  the  mean  velocity  along  the  slope  course. 

R,  the  mean  hydraulic  radius  along  the  slope  course. 

S,  the  mean  slope  of  the  water  surface  along  the  slope  course. 

As  has  been  explained,  the  data  required  for  computing  these 
values  were  obtained  by  field  measurements.     The  mean  velocity, 
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F,  was  determined  by  dividing  the  discharge  by  the  mean  cross- 
sectional  area  of  the  channel  along  the  slope  course.  The  discharge 
was  computed  from  the  soundings  and  velocity  measurements  made 
at  the  gaeing  section.  The  method  of  computing  the  discharge 
was  as  follows:  The  mean  velocity  in  the  vertical  at  each  velocity 
measuring  point  was  obtained  by  taking  one-sixth  of  the  sum  of  the 
velocity  at  the  surface,  four  times  the  velocity  at  mid-depth,  and  the 
velocity  at  the  bottom,  or  by  taking  the  mean  of  the  velocities 
obtained  at  0.2  and  0.8  depths.  The  mean  velocity  for  each  section 
between  the  verticals  was  taken  as  the  average  of  the  mean  velocities 
for  the  verticals  on  either  side  of  the  section,  and  the  discharge  for 
each  section  was  obtained  by  multiplying  the  mean  velocity  for  the 
section  by  the  area  of  the  section.  The  total  discharge  of  the  stream 
was  obtained  by  taking  the  sum  of  the  discharges  for  all  sections 
across  the  stream. 

The  cross-sectional  measurements  were  platted  on  cross-section 
paper,  on  a  scale  of  5  or  10  feet  to  the  inch,  dependmg  upon  the  size 
of  the  channel.  The  areas  and  wetted  perimeters  for  each  cross  section 
were  obtained  by  means  of  a  planimeter  and  map  measurer.  The 
mean  cross-sectional  area,  which  was  used  in  determining  the  mean 
velocity  for  the  course,  was  obtained  by  taking  the  average  of  all  the 
cross-sectional  areas  along  the  course. 

For  some  of  the  channels  the  mean  hydraulic  radius  for  the  course 
was  obtained  by  taking  the  average  of  all  the  hydraulic  radii  as  com- 
puted for  each  cross  section;  for  others  it  was  obtained  by  dividing 
the  mean  cross-sectional  area  by  the  average  of  all  the  wetted  per- 
imeters as  determined  for  each  cross  section  along  the  course.  There 
was  no  appreciable  difference  in  the  results  obtained  by  the  use  of  the 
two  methods  unless  the  channel  was  subject  to  large  variations  in 
cross  section,  in  which  case  the  first  method  was  used. 

On  all  of  the  channels  the  slope  of  the  water  surface  was  practically 
uniform  from  the  upper  to  the  lower  ends  of  the  slope  courses,  and 
the  differences  in  the  velocities  at  the  upper  and  lower  ends  of  the 
courses  were  generally  so  small  that  the  application  of  a  correction  for 
the  difference  in  velocity  heads  was  found  to  be  unnecessary,  so  far 
as  the  practical  value  of  the  results  was  concerned.  In  a  few  in- 
stances, where  a  rather  gradual  change  in  the  size  of  the  cross  section 
occurred  along  the  slope  course,  a  correction  for  a  difference  in  velocity 
heads  might  have  been  justified. 

In  calculating  values  of  n,  the  values  of  F,  i?,  and  S  were  first 
determined  as  explained  in  the  foregoing,  and  C  was  then  computed 
by  Chezy's  formula.  With  C,  R,  and  S  known,  the  values  of  n  m  the 
first  six  sets  of  experiments  were  obtained  from  a  large-scale  diagram 
similar  to,  but  larger  than,  the  one  found  in  Hering  and  Trautwine's 
translation  of  Ganguillet  and  Kutter's  treatise,  A  General  Formula 
for  the  Uniform  Flow  of  Water  in  Rivers  and  Other  Channels.^  The 
value  of  71  in  the  other  three  sets  of  experiments  were  computed  by 
Kutter's  formula. 

*  Oanquillet,  E.,  and  Kutteb,  W.  R.  a  general  formula  fob  the  uniform  flow  of  water 
m  rivers  and  other  channels.  Translated  from  the  Qermaa  by  R.  Uering  and  J.  C.  Trautwine,  Jr. 
Ed.  2,  340  p.  illus.    New  York.    1893. 
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TABULATED  RESULTS 

In  Tables  1  to  9  are  given  the  hydraulic  elements  and  values  of  C 
and  n  for  the  nine  sets  of  experiments.  In  the  third  column  is 
shown  the  average  of  the  maximum  depths  as  measured  at  each  of 
the  cross  sections.  At  the  foot  of  this  column  is  shown  the  average 
maximum  depth  for  a  bankful  stage  of  each  channel,  which  enables 
the  reader  to  estimate  about  what  proportion  of  the  channel  is  filled 
for  each  measurement.  In  the  fourth  column  is  given  the  average 
surface  width  along  the  slope  course  at  the  time  of  each  measurement. 
With  these  two  dimensions,  the  average  cross-sectional  area  given 
in  column  6,  and  the  accompanying  cross-sectional  figures  for  each 
channel,  a  good  idea  can  be  obtained  as  to  the  shape  and  size  of  the 
channel.  The  headings  at  the  tops  of  the  other  columns  in  the  tables 
are  self-explanatory.  On  most  of  the  channels  values  of  n  were 
determined  for  several  stages  ranging  from  low  to  high. 

Attention  is  called  to  the  specially  interesting  features  of  some  of  the 
experiments.  For  instance,  values  of  n  for  Old  Town  Creek,  Table 
1,  were  obtained  before  and  after  clearing,  in  order  to  show  the  effect 
upon  n  as  produced  by  the  presence  of  growth  in  the  channel. 

On  the  South  Forked  Deer  River  at  Campbell's  levee,  near  Jackson, 
Tenn.,  experiments  were  conducted  to  determine  the  relative  values 
of  n  for  three  consecutive  courses  of  channel;  the  first,  an  old  straight 
course  of  the  river  channel;  the  second,  an  old  crooked  course  of  the 
river  channel;  and  the  third,  a  course  of  an  irregularly  dredged  chan- 
nel. The  results,  which  are  given  in  Table  3,  show  a  remarkable  dift'er- 
ence  in  the  values  of  n  obtained  for  the  three  different  conditions  of 
channel. 

In  the  results  of  the  Iowa  experiments  (Table  4)  attention  is  called 
to  the  unusually  low  values  of  n  obtained  for  earth  channels.  These 
low  values,  which  were  obtained  for  Boyer  River  and  Allen  and  Wil- 
low Creeks,  were  due,  no  doubt,  to  the  smoothing  up  of  irregularities 
by  silting  and  to  the  lubricating  effect  of  silty  mud  deposited  on  the 
bottom  and  side  slopes  of  the  channels.  The  increase  in  the  value  of 
n,  due  to  a  caving  bank  covered  with  a  heavy  growth,  is  shown  by  the 
experiments  made  on  the  Little  Sioux  River  cut-off  channel  before 
and  after  the  caving  took  place. 

The  increase  in  the  value  of  tz,  due  to  the  growth  of  grass  in  channels, 
is  shown  by  the  results  of  the  experiments  made  in  North  Carolina. 
(Table  5.)  These  experiments  were  made  during  the  winter  and  the 
following  summer,  before  and  after  the  growth  of  grass  in  the  channels. 

The  experiments  on  the  flow  of  water  in  the  main  diversion  flood  way 
of  the  Little  River  drainage  district  in  Missouri  are  among  the  first 
of  their  land  ever  attempted.  Measurements  were  obtained  on  both 
a  cleared  course  and  an  uncleared  course,  and  afford  data  of  value  on 
the  relative  capacities  of  such  waterways  under  the  conditions  repre- 
sented. (Tables.)  The  measurements  in  St.  Francis  River  flood  way 
in  Arkansas  show  much  higher  values  of  n  for  flow  through  vu'gin 
timber  with  little  undergrowth.     (Table  7.) 

The  experiments  in  Arkansas  and  Illinois  on  a  large  number  of 
ditches  with  a  wide  variety  of  conditions  of  vegetation  demonstrate 
the  need  for  systematic  maintenance  of  drainage  ditches.  In  these 
two  sets  of  experiments  measurements  were  made  on  the  same  ditches 
both  before  and  after  clearing  and  before  and  after  the  appearance 
of  growth  in  the  ditches.     (Tables  7  and  9.) 
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Values  of  n  were  obtained  for  two  large  natural  river  channels, 
the  Bogue  Phalia,  in  Mississippi  and  the  Embarrass  River,  in  Illinois. 
(Tables  2  and  9.) 

DESCRIPTION  OF  CHANNELS 

At  the  right-hand  side  of  each  of  the  Tables  1  to  9  is  g^ven  a  cona- 
plete  description  of  each  drainage  channel.  These  detailed  descrip- 
tions, supplemented  by  the  views  of  the  channels  shown  in  the  plates, 
are  intended  to  assist  the  engineer  in  the  proper  choice  of  n  for  his 
particular  use.  Under  the  descriptions  of  channels  are  included  the 
factors  or  conditions  that  influence  the  flow  of  water  in  a  channel. 
These  factors  are  described  under  the  following  headings:  Course, 
cross  section,  side  slopes,  bottom,  soil,  and  condition.  Also  the 
approximate  date  when  the  channel  was  constructed  is  given,  from 
which  can  be  determined  the  age  of  the  channel  at  the  time  the  experi- 
ments were  made. 

COURSE 

The  length  and  alignment  of  the  course  of  channel  are  discussed 
under  this  heading.  Where  the  length  of  the  course  is  unduly  short, 
the  probability  of  error  in  the  slope  measurements  is  somewhat 
greater  than  where  it  is  comparatively  long.  It  was  impossible  in 
many  instances,  other  governing  factors  being  duly  considered,  to 
follow  the  general  rule  adopted,  namely,  that  the  length  of  the  slope 
course  should  be  at  least  ten  times  the  top  width  of  the  channel. 
With  the  exception  of  two  courses  of  channels,  the  alignment  of 
the  slope  courses  was  practically  straight.  These  exceptions  consisted 
of  a  bend  in  the  Sugar  Creek  channel  and  of  several  irregular  crooks 
in  the  old  river  channel  at  Campbell's  levee,  near  Jackson,  Tenn. 
(Table  3.) 

CROSS  SECTION 

Under  this  heading  variations  in  the  shape  of  the  cross  section 
along  the  courses  are  noted,  and  the  reader  is  referred  to  figures 
which  show  the  per  cent  variation  from  the  average  cross-sectional 
area  for  all  cross  sections  along  each  slope  course.  In  most  cases 
this  per  cent  variation  is  shown  for  low,  medium,  and  high  stages. 
From  these  figures  an  idea  can  be  obtained  as  to  the  progressive 
changes  in  size  of  the  channel  along  the  courses  and  whether  these 
changes  are  gradual  or  abrupt.  For  instance,  in  Figure  2,  A  it  is 
seen  that  the  per  cent  variations  are  much  larger  and  the  changes 
in  size  of  the  channel  along  the  course  are  much  more  abrupt  for  the 
low  than  for  the  high  stage,  which  accounts  largely  for  the  higher 
values  of  n  obtained  for  the  low  stages  as  recorded  in  Table  1. 

It  was  found  that  abrupt  changes  in  the  size  of  a  channel  that  are 
repeated  at  short  intervals  are  often  alone  responsible  for  the  high 
values  of  n  obtained. 

The  average  cross  sections  for  all  of  the  channels  are  shown,  and 
the  description  of  each  channel  makes  reference  to  the  corresponding 
illustration.  From  these  a  general  idea  can  be  obtained  as  to  the 
size  and  shape  of  the  various  channels. 

SIDE  SLOPES  AND  BOTTOM 

Irregularities  in  the  perimeter  of  the  channel  are  discussed  under 
the  two  headings,  side  slopes  and  bottom,  for  the  reason  that  the 
bottom  alone  is  often  the  chief  retarding  factor  during  low  stages. 
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Irregularities  in  the  perimeters  of  channels  have  a  very  decided  effect 
upon  the  value  of  n.  For  instance,  irregularities  in  the  side  slopes 
of  the  South  Forked  Deer  Kiver  near  Jackson,  Tenn.,  were  largely 
responsible  for  the  higher  values  of  n  obtained  for  this  course  than 
were  obtained  for  the  same  channel  near  Roberts,  Tenn.,  where  the 
side  slopes  were  much  more  regular.  (Table  3.)  The  irregularities 
in  the  channel  at  Jackson  were  due  to  rough  finishing  work  with  the 
dredge  at  the  time  of  construction.  To  smoothness  of  perimeter 
may  be  attributed  in  part  the  low  values  of  n  obtained  for  the  Allen 
and  Willow  Creek  channels  in  western  Iowa.    (Table  4.) 

SOIL 

Under  this  heading  descriptions  of  the  different  types  of  soils  found 
in  the  various  channels  are  given.  However,  no  noticeable  difference 
in  the  retarding  effect  of  the  different  soils  was  detected.  All  of  the 
soils  are  of  an  alluvial  nature,  except  in  central  Illinois,  the  lands 
through  which  the  ditches  were  dug  having  been  built  up  by  deposits 
of  silt  brought  down  from  the  hills  during  heavy  rains.  In  Illinois 
the  ditches  lie  in  the  extreme  uppermost  parts  of  comparatively  flat 
watersheds,  and  the  soil  is  chiefly  a  black  or  mixed  clay  loam  of 
glacial  origin. 

CONDITION 

An  effort  has  been  made  to  describe  accurately  the  condition  of  the 
channels  at  the  time  the  measurements  were  made.  Mention  is  made 
of  all  sorts  of  growth,  obstructions,  and  debris — factors  which  are  in 
many  instances  responsible  for  the  high  values  of  n  obtained.  The 
pronounced  effect  of  vegetation,  such  as  grass,  in  a  channel  is  clearly 
shown  by  the  experiments  made  on  three  of  the  channels  in  North 
Carolina  (Table  5);  of  the  effect  of  small  growth,  such  as  weeds, 
bushes,  saplings,  and  trees,  by  the  experiments  in  Lee  County 
Miss.,  in  Arkansas,  in  Missouri,  and  in  Illinois  (Tables  1,  7,  8,  and 
9);  and  of  the  effect  of  large  obstructions,  such  as  logs,  fallen  trees, 
and  debris,  by  the  experiments  on  the  South  Forked  Deer  River  at 
Campbell's  levee,  near  Jackson,  Tenn.  (Table  3).  Whether  or  not 
much  erosion  has  taken  place  in  the  channel  is  also  mentioned  under 
this  heading. 

WHEN  CONSTRUCTED 

The  age  of  the  channel  at  the  time  the  experiments  were  made  may 
be  obtained  by  referring  to  this  heading  and  to  column  2 ;  the  former 
shows  approximately  when  the  channel  was  constructed  and  the  latter 
the  date  when  the  experiments  were  made.  The  time  elapsed  since 
the  construction  of  a  dredged  channel  is  to  some  extent  a  measure  of 
the  condition  of  the  channel  as  regards  growth  and  other  obstructions 
to  flow,  except  where  the  channel  has  been  carefully  maintained.  It 
is  also  a  measure  of  the  probable  extent  of  erosion  or  silting  that  has 
occurred  in  the  channel  since  construction.  The  growth  of  vegeta- 
tion in  a  channel  checks  erosion  and  promotes  silting,  but  on  the 
other  hand  active  erosion  in  a  channel  checks  and  often  entirely  pre- 
vents the  growth  of  vegetation. 

Low  values  of  n  are  generally  found  for  properly  finished,  newly 
dredged  channels  of  uniform  cross  section,  as  was  the  case  for  Mud 
Creek  (Table  1)  and  South  Forked  Deer  River  near  Roberts,  Tenn. 
(Table  3).     The  effect  of  erosion  on  such  a  channel  is  to  make  it  more 
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irregular  and  thereby  to  increase  the  value  of  n.  However,  after  a 
certain  amount  of  erosion  has  taken  place  it  does  not  necessarily  fol- 
low that  further  erosion  will  tend  to  increase  the  irregularity  of  the 
channel,  as  may  be  seen  from  the  results  obtained  for  the  North 
Forked  Deer  River  near  Trenton,  Tenn.  (Table  3). 

ACCURACY  OF  RESULTS 

With  few  exceptions  there  are  no  reasons  to  suspect  inaccuracies 
in  the  result  of  these  experiments.  The  gaging  sections  and  slope 
courses  were  so  selected  as  to  remove  as  far  as  possible  the  probability 
of  large  errors  in  the  field  measurements.  In  some  instances,  which 
will  be  mentioned  under  the  separate  discussion  of  each  channel, 
favorable  sites  for  gaging  stations  and  slope  courses  were  not  obtained. 
Where  no  mention  is  made  as  to  the  reliability  of  the  results,  it  may 
be  inferred  that  the  results  obtained  are  entirely  reliable.  Compara- 
tively speaking,  the  most  accurate  results  were  obtained  for  the  high 
stages  in  the  various  channels,  since  there  was  a  greater  probability 
of  error  in  the  gagings  and  cross-sectional  measurements  for  the  lower 
stages. 

DESCRIPTION  OF  EXPERIMENTS 

A  description  of  the  nine  sets  of  experiments  and  a  discussion  of  the 
results  obtained  are  given  in  the  following  pages. 

EXPERIMENTS  IN  LEE  COUNTY,  MISS. 

Experiments  were  conducted  on  five  dredged  channels  in  Lee 
Coimty,  Miss.,  namely;  Old  Town  Creek,  Mud  Creek,  Twenty  Mile 
Creek,  Coonewah  Creek,  and  Chawappah  Creek.  (Table  1.)  The 
topography  of  these  watersheds  is  rolling  and  somewhat  hilly. 

OLD  TOWN  CREEK 

Measurements  were  made  on  this  channel  early  in  1913  and  in  1914. 
A  straight  course  of  1,224  feet  below  the  steel  highway  bridge,  one- 
half  mile  east  of  Tupelo,  Miss.,  was  selected  for  making  the  measure- 
ments. The  discharge  measurements  for  1913  were  made  from  the 
highway  bridge  and  those  for  1914  from  a  suspension  footbridge 
constructed  near  the  upper  end  of  the  course.  The  latter  gaging 
section  was  much  more  desirable  for  accurate  measurements  than  the 
former  one. 

An  expeiiment  for  determining  the  effect  upon  the  flow  in  the 
channel,  due  to  the  clearing  of  brush  and  other  resistances  to  flow, 
was  conducted  on  Old  Town  Creek.  No  clearing  was  done  for  the 
measurements  during  1913.  One  side  slope  of  the  channel  and  part 
of  the  bottom  were  practically  covered  with  small  saplings,  brush, 
and  cane,  and  were  quite  irregular.  The  other  side  slope  was  com- 
paratively smooth  and  uniform.  For  the  measurements  during  1914 
all  brush,  logs,  and  other  obstructions  were  cleared  from  the  course 
of  the  channel  and  for  500  feet  above  the  upper  end  and  for  the  same 
distance  below  the  lower  end  of  the  slope  course,  so  that  a  comparison 
could  be  made  as  to  the  relative  values  of  n  before  and  after  clearing. 
The  slope  of  the  left  bank  was  quite  regular  while  that  of  the  right 
bank  was  extremely  irregular,  a  condition  due  to  the  growth  of  brush 
causing  the  bank  to  erode  unevenly.  The  soil  in  the  bottoin  and  sides 
of  the  ditch  was  c[uite  hard.  The  views  shown  in  Plate  1  give  a  good 
idea  of  the  conditions  existing  in  the  channel  before  and  after  clearing. 
(See  also  fig.  1,  A,  for  average  cross  section  of  the  channel.) 
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In  Table  1,  measurements  1  to  21,  are  given  the  values  obtained  for 
n,  together  with  the  various  observed  hydraulic  elements.  It  is 
obvious,  from  the  values  of  n  obtained  before  and  after  clearing,  that 
the  efficiency  of  a  channel  is  greatly  decreased  by  permitting  the 
growth  of  vegetation  in  it. 

During  low  water  the  uniform  fall  of  the  surface  of  the  water 
was  interrupted  by  irregularities  in  the  bottom  and  sides  of  the  chan- 
nel. For  such  conditions  the  hydraulic  grade  throughout  the  section 
consisted  of  a  series  of  comparatively  steep  slopes  followed  by  flatter 
ones,  due  to  the  depth  of  water  being  so  small  that  the  irregularities 
in  the  channel  gave  rise  to  quite  appreciable  variations  in  area  of 
cross  section  from  point  to  point,  thus  causing  variations  in  velocity 
and  in  the  hydraulic  grade.  (Fig.  2,  A.)  As  a  result  the  values  of  n 
obtained  for  low  water  conditions  are  high.  The  total  loss  of  head 
throughout  the  course  under  such  conditions  is  the  sum  of  the  loss 
due  to  the  roughness  of  the  wetted  perimeter  and  the  quite  appreciable 
losses  in  shock  and  eddies  that  occur  where  the  hydraulic  gradient 
changes  from  a  steeper  to  a  flatter  slope  and  where  the  cross  section 
of  flow  changes.  For  low  water  conditions  the  loss  in  shock  and  eddies 
is  quite  appreciable,  and  as  the  values  of  n  were  obtained  by  directly 
measuring  this  total  loss  of  head  throughout  the  course  these  values 
would  be  necessarily  large.  The  table  shows  that  for  such  conditions 
the  value  of  n  decreases  as  the  depth  increases.  This  would  be  ex- 
pected, for  as  the  depth  increases  the  second  factor  mentioned  above 
becomes  comparatively  smaller,  and  the  total  loss  of  head  thus  be- 
comes to  a  greater  extent  due  to  roughness  of  wetted  perimeter  and 
to  a  less  extent  due  to  the  influence  of  eddies  and  shock. 

MUD    CREEK 

Measurements  were  made  on  this  channel  during  the  early  part  of 
the  year  1914.  For  the  slope  measurements  a  straight  course  1,194 
feet  long  was  selected  above  the  highway  bridge  about  1  mile  east  of 
Tupelo.  A  suspension  footbridge  was  constructed  at  a  site  where 
conditions  were  ideal  for  making  accurate  current  meter  measure- 
ments. 

A  good  idea  of  the  condition  and  regularity  of  the  channel  can  be 
obtained  from  Plate  1,  C.  Although  in  the  same  valley,  the  soil  is 
decidedly  different  from  that  found  in  Old  Town  Creek.  This 
part  of  the  bottom  land  is  made  up  of  sediment  carried  from  the  east- 
ern part  of  the  Mud  Creek  watershed,  where  the  soil  contains  consider- 
able sand.  The  soil  in  the  channel  is  a  sandy,  waxUke  clay  that 
erodes  very  easily.  This  was  a  comparatively  new  channel  at  the 
time  of  these  experiments,  the  ditch  having  been  finished  in  January, 
1913;  and,  although  it  had  eroded  to  some  extent,  it  had  retained  its 
original  uniform  slope  and  comparatively  uniform  cross-sectional  area. 
(Figs.  1,  B  and  2,  B.) 

In  Table  1,  measurements  22  to  34,  are  shown  the  various  hydraulic 
elements  of  Mud  Creek  as  computed  from  field  measurements,  and 
the  values  of  n  obtained.  That  for  all  stages  of  Mud  Creek  is  about 
0.025,  while  that  obtained  for  the  higher  stages  in  Old  Town  Creek, 
after  clearing,  is  about  0.030.  The  lower  value  of  n  as  obtained  for 
Mud  Creek  can  readily  be  ascribed  to  the  facts  that  this  is  a  more 
recently  constructed  channel  and  that  the  bottom  slope  and  cross- 
sectional  area  are  more  uniform  throughout  the  course  than  for  Old 
Town  Creek. 
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Plate  1. 
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A,  Old  Town  Oeek  dredged  channel  near  Tui)elo,  Miss.,  looking  up  sloi>e  course,  before  clearing, 
1913;  B,  Same  view  as  A  above  after  clearing,  1914;  C.Mud  Creek  dredged  channel  near  Tupelo, 
Miss., looking  up  sloi>e  course,  1913.    (See  Table  1) 
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Plate  2. 
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A,  Twenty  Mile  Creek  dredged  channel  near  Baldwyn,  Miss.,  looking  down  slope  course,  1913;  B, 
Chawappah  Creek  dredged  channel  near  Shannon,  Miss.,  looking  up  slope  course,  1913;  C.Coone- 
wah  Creek  dredged  channel  near  Shannon,  Miss.,  looking  down  slope  course,  1913.    (See  Table  1) 
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TWENTY    MILE    CHEEK 

The  slope  course  on  Twenty  Mile  Creek  was  rather  short,  being  324 
feet  in  length,  and  was  located  below  the  highway  bridge  1  mile  east 
of  Baldwyn,  Miss.  (PL  2,  A,  and  figs.  1,  C  and  2,  C.)  The  lower 
part  of  the  channel  was  quite  smooth  and  regular,  but  the  upper 
part  and  edge  of  bank  were  irregular.  The  channel  is  eroding  rapidly, 
and  many  stumps  along  the  banks  have  been  undermined  and  fallen 
into  the  channel.  Table  1  shows  the  hydraulic  elements  and  the 
values  of  n  obtained  for  Twenty  Mile  Creek.  The  value  of  n  increases 
as  the  stage  increases,  due  no  doubt  to  the  irregularities  in  the  wetted 
perimeter  for  the  higher  stages.  The  soil  in  the  channel  is  a  waxy 
clay  loam,  and  in  some  parts  of  the  channel  contains  considerable 
sand. 

CHAWAPPAH    CREEK 

Slope  measurements  for  Chawappah  Creek  were  made  on  a  rather 
short  course  (320  feet  long)  between  the  highway  and  railroad  bridges, 
one-half  mile  south  of  Shannon,  Miss.  The  gaging  section  was 
located  at  the  highway  bridge.  The  view  of  Chawappah  Creek  for 
low  water  (pi.  2,  B),  shows  very  well  the  condition  of  the  channel. 
The  soil  varies  from  a  sandy  loam  to  a  waxy  clay,  and  the  sides  and 
bottom  were  quite  hard.  The  channel  is  eroding  very  rapidly,  which 
is  partly  the  cause  of  the  turbulent  water  surface  and  the  resulting 
comparatively  high  values  of  n.  The  average  value  obtained  for  n 
was  about  0.035.     (Figs.  1,  D  and  2,  D.) 

COONEWAH    CREEK 

Only  one  observation  for  slope  was  made  on  Coonewah  Creek. 
The  value  computed  for  n  was  0.043.  Plate  2,  C,  shows  the  course 
on  which  the  slope  was  measured  and  the  condition  of  the  channel. 
The  soil  is  quite  similar  to  that  found  on  Chawappah  Creek,  but 
erosion  has  not  been  as  active  as  on  the  latter.     (Figs.  1,  E  and  2,  E.) 

DISCUSSION    OF    LEE    COUNTY    EXPERIMENTS 

Of  the  experiments  made  in  Lee  County,  Miss.,  the  results  obtained 
from  those  on  Old  Town  and  Mud  Creeks  are  the  most  reliable.  It 
appears  that  for  conditions  of  jBow  the  value  of  n  for  channels  similar 
to  Mud  Creek  is  0.025,  which  means  that  the  bottom  and  sides  should 
be  fairly  regular  and  free  from  any  form  of  obstruction  to  flow,  and 
the  slope  and  cross-sectional  area  practically  uniform.  These  con- 
ditions generally  obtain  only  in  new  ditches,  and  it  would  therefore 
not  be  wise  to  use  a  coefficient  as  low  as  0.025  in  the  design  of  chan- 
nels, since  the  efficiency  of  a  channel  generally  decreases  with  age,  as 
is  shown  by  the  experiments  on  Old  Town  Creek.  Also,  erosion 
tends  to  increase  irregularities  in  new  channels,  which  results  in  an 
increasing  roughness  coefficient,  so  it  is  not  believed  advisable  to 
use  a  value  of  n  less  than  0.035  in  the  design  of  small  ditches  in  this 
and  similar  sections  of  the  country. 

EXPERIMENTS  IN  WASHINGTON  AND  BOLIVAR  COUNTIES 

Experiments  in  Washington  and  Bolivar  Counties,  Miss.,  were 
conducted  during  1914  and  1915  and  again  during  1924  to  1926.  The 
first  set  of  experiments  were  made  on  the  followmg  channels :  Bogue 
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Phalia  near  Helm,  Bogue  Hasty,  Pecan  Bayou,  West  Bogue  Hasty, 
and  East  Bogue  Hasty.  The  second  set  were  made  on  Bogue  Phalia 
near  Heads,  Bogue  Hasty,  West  Bogue  Hasty,  Horseshoe  Bayou, 
Ditch  No.  1,  and  Snake  Creek.  The  channel  of  West  Bogue  Hasty 
was  redredged  between  the  time  of  the  first  and  second  sets  o£  experi- 
ments. The  topography  of  the  watersheds  of  these  streams  is  com- 
paratively flat,  the  fall  of  the  land  being  about  1  foot  per  mile. 

BOGUE  PHALIA  NEAR  HELM 

The  conditions  for  the  accurate  discharge  and  slope  measurements 
on  this  channel  were  ideal.  A  straight  course  of  practically  uniform 
cross  section  was  selected  for  slope  measurements,  about  half  a  mile 
above  the  Yazoo  &  Mississippi  Valley  Railroad  bridge,  2  miles  from 
Helm.  The  length  of  the  course  was  1,003  feet.  The  gaging  station 
was  located  near  the  lower  end  of  the  course,  and  the  velocity  meas- 
urements were  made  from  a  movable  car  suspended  from  a  steel  cable 
which  was  stretched  across  the  stream  at  right  angles  to  the  direction 
of  flow  and  supported  by  upright  poles  on  either  bank. 

The  left  side  slope  of  Bogue  Phalia,  along  the  course,  was  quite 
regular  while  the  right  side  was  subject  to  caving  and  was  only  fairly 
regular.  The  channel  was  very  smooth  for  low  stages  and  of  uniform 
section  for  all  stages.  (Fig.  4,  A.)  Very  little  vegetation  of  any  sort 
was  found  in  the  channel.  (PI.  3,  A  and  fig.  3,  A.)  The  soil  in  the 
lower  part  of  the  channel  is  sandy.  The  soil  in  the  upper  part  is 
a  clay  loam  of  close  texture  and  is  quite  susceptible  to  caving, 
particularly  when  wet. 

The  slope  was  indeed  an  extremely  variable  quantity.  No  two 
measurements  of  slope  were  found  to  be  the  same,  due  to  the  back- 
water conditions.  The  greatest  slope  was  found  for  the  lowest  stage, 
and  the  others  varied  according  to  the  effect  of  backwater  at  the  time 
that  measurements  were  made. 

The  principal  hydraulic  elements  of  the  channel  and  the  values  of 
C  and  n  obtained  therefrom  are  shown  in  Table  2.  Little  variation 
was  found  in  the  values  of  C,  and  the  values  of  n  were  found  to  vary 
from  0.022  for  the  lowest  stage  to  0.031  for  the  highest  stages.  As 
would  be  expected,  the  values  of  n  were  found  to  be  low  for  the 
lower  stages,  where  the  channel  was  quite  smooth  and  uniform  in 
section,  and  higher  for  the  higher  stages,  where  a  greater  resistance 
was  offered  to  flow,  by  the  rougher  and  more  irregular  sides  of  the 
channel.  On  the  whole,  it  can  be  said  that  this  channel  was  in  excel- 
lent shape,  a  fact  which  is  substantiated  by  the  comparatively  low 
values  of  n  obtained. 

BOGUE  PHALIA  NEAR  HEADS 

Gagings  of  this  channel  were  made  from  a  single-span  highway 
bridge  about  1}^  miles  southwest  of  Heads,  Miss.  The  slope  course 
was  1,554  feet  long,  with  a  slight  curve  at  the  lower  end.  Conditions 
were  good  for  obtaining  accurate  discharge  and  slope  measurements. 
At  high  stages  the  water  had  very  little  velocity  for  a  distance  of 
30  to  40  feet  from  the  banks, 
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Figure  4.— Graphs  for  experiments  in  Washington  and  Bolivar  Counties,  Miss.,  showing 
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This  is  a  natural  channel,  but  was  cleared  of  all  growth  and  obstruc- 
tions such  as  logs  and  fallen  trees  during  the  year  1915.  There  was 
considerable  small  tree  growth  along  the  banks  (pi.  3,  B),  but  prac- 
tically no  vegetation  or  obstructions  in  the  bottom  of  the  channel 
when  these  measurements  were  made.  The  cross  section  of  the 
channel  (fig.  3,  B)  was  fairly  uniform  for  about  1,200  feet  from  the 
lower  end  of  the  slope  course,  but  along  the  upper  300  feet  there 
was  a  rather  mari^ed  increase  in  area.     (Fig.  4,  B.) 

Table  2  shows  that  there  was  not  much  variation  in  the  values  of 
n  obtained  for  different  stages  in  the  channel.  No  low-stage  measure- 
ments were  obtained,  there  being  about  9  feet  depth  of  water  for  the 
lowest  stage  and  15 K  feet  for  the  highest  stage.  It  is  believed  that 
somewhat  higher  values  of  n  would  have  been  obtained  for  both 
higher  and  lower  stages,  judging  from  the  condition  of  the  channel. 

BOGUS  HASTY 

The  course  used  for  slope  measurements  on  Bogue  Hasty  was  1,039 
feet  long  for  the  experiments  made  during  1915.  It  was  straight  and 
fairly  uniform  (fig.  4,  C)  and  no  w^ater  through  drain  tile  or  surface 
ditches  entered  the  channel  along  the  course.  It  was  located  just 
above  the  highway  bridge  about  3  miles  west  of  Shaw.  The  lower 
end  of  the  course  was  above  a  slight  bend  in  the  channel  and  about 
500  feet  above  the  bridge.  The  gaging  station,  which  consisted  of 
a  suspension  footbridge  (75-foot  span),  was  placed  near  the  lower 
end  of  the  course.  The  conditions  for  both  slope  and  discharge 
measurements  were  very  good. 

This  channel  was  not  in  as  good  condition  as  that  of  Bogue  Phalia, 
near  Helm.  The  right-side  slope  was  very  irregular  and  was  caving 
badly.  The  upper  part  was  covered  with  weeds  and  small  tree 
sprouts.  The  left-side  slope  was  very  regular  and  practically  free 
from  vegetation.  (PL  4,  A.)  The  soil  in  the  upper  part  of  the 
channel  is  a  dark  silty  loam  and  in  the  lower  part  a  Hght-yellow  clay. 
It  is  sticky  when  wet  and  cracks  and  crmnbles  when  dry.  (See 
fig.  3,  C  for  average  cross  section  of  channel.) 

Table  2  shows  the  hydraulic  elements  and  the  values  of  n  obtained 
from  these  experiments.  The  value  of  n  (0.038)  for  extreme  low 
stage  is  the  highest  obtained  for  this  ditch,  and  is  probably  due  to 
the  irregularities  in  the  bed  of  the  channel.  The  values  of  n  obtained 
for  measurements  20  to  23,  inclusive,  are  appUcable  to  the  lower 
half  of  the  channel,  and  they  agree  quite  closely  with  those  obtained 
for  Bogue  Phalia  dredged  channel  at  medium  to  high  stages,  the 
conditions  of  smoothness  and  regularity  of  this  part  of  the  channel 
being  very  similar  to  the  conditions  of  the  Bogue  Phalia  channel. 
The  values  of  n  obtained  for  the  higher  stages  of  the  channel  are 
considerably  higher  than  for  the  lower  stages.  The  very  irregular 
and  caving  right  bank  would  lead  one  to  expect  a  larger  roughness 
coefficient  for  bankful  stage  than  for  the  lower  half. 

Measurements  on  this  channel  were  made  also  during  the  years 
1924,  1925,  and  1926.  A  slope  course  1,000  feet  long  was  selected 
at  about  the  same  location  as  the  course  used  in  1915.  Gagings 
were  made  from  the  highway  bridge  about  3  miles  west  of  Shaw, 
Miss.  Conditions  for  both  slope  and  discharge  measurements  were 
good. 
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Plate  3. 
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A.  Hngue  Phfilia  dredged  chiinnel  near  Helm,  Miss.,  looking  up  slo|)e  course.  I'.Uf);  H.  Hogue  Phalia 
natural  channel  near  Hea<ls.  Miss.,  IcHjking  up  s]o\^e  course.  March,  H>2ri;  (',  Pecan  Bayou  dredged 
channel  nem  rfhaw.  Miss.,  looking  up  sloj)e  course,  1915.    (See  Table  2) 
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Plate  4. 


A,  Bogue  Hasty  dredged  channel  near  Shaw,  Miss.,  looking  up  slope  course,  1915;  B,  same  location  as 
A  above,  looking  up  slope  course,  March,  1926;  C,  East  Bogue  Hasty  dredged  channel  near  Shaw, 
Miss.,  looking  up  slope  course,  1915.    (See  Table  2) 
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The  condition  of  the  channel  in  March,  1926,  is  shown  in  Plate 
4,  B.  It  is  believed  that  there  was  less  vegetation  at  high  stages  on 
the  right  bank  (left  side  of  view)  when  the  first  measurements  were 
made,  in  1924.  The  left-side  slope  was  quite  clean,  smooth,  and 
regular  and  the  right-side  slope  was  irregular,  subject  to  caving,  and 
partly  covered  with  vegetation,  conditions  very  similar  to  those 
existing  in  1915.  (See  fig.  3,  D  for  average  cross  section.)  There 
was  somewhat  more  variation  in  cross  section  than  in  1915.  (Fig. 
4,  D.) 

Values  of  n  obtained  for  this  channel  are  a  little  lower  than  those 
obtained  during  1915,  and  it  is  believed  that  the  channel  was  in 
better  condition  at  the  time  of  the  later  experiments  as  regards  the 
amount  of  vegetation  in  the  channel.  The  differences  in  the  values 
of  n  obtained  during  the  years  1924,  1925,  and  1926  are  probably  due 
to  varying  conditions  of  vegetation  during  this  period. 

PECAN    BAYOU 

A  course  665  feet  long  was  used  for  slope  measurements  on  Pecan 
Bayou,  located  about  600  feet  above  the  highway  bridge,  5  miles 
directly  south  from  Skene  and  about  3  miles  from  Shaw.  The  cross 
section  of  the  channel  at  this  place  was  quite  uniform  (fig.  4,  E.), 
and  no  surface  water  entered  along  the  course,  which  was  situated 
between  two  bends  in  the  channel.  A  suspension  footbridge  for 
gaging  purposes  was  placed  near  the  lower  end  of  the  course. 

Conditions  on  Pecan  Bayou  were  similar  to  those  described  below 
for  West  Bogue  Hasty.  Much  water  was  impounded  along  the 
course  duiing  periods  of  no  flow.  It  appears  that  material  was  de- 
posited in  the  channel  below  to  impound  water  for  the  purpose  of 
fishing.  The  side  slopes  of  the  chamiel  were  very  regular.  Some 
weeds  were  found  in  the  channel,  but  not  nearly  as  many  as  in  the 
channel  of  East  Bogue  Hasty.  (PL  3,  C  and  fig.  3,  E.)  The  soil 
is  a  dark-colored  clay,  which  cracks  and  crumbles  when  dry.  The 
slope  of  the  water  surface  was  found  to  be  exceedingly  small,  much 
less  than  the  grades  designated  in  the  original  design  of  the  channel. 
This  was  due,  no  doubt,  to  the  amount  of  sediment  deposited  in  the 
channel  below  the  course.  The  values  of  7i  obtained  are  shown  in 
Table  2. 

WEST    BOGUE    HASTY 

For  slope  measurements  on  this  channel  during  1915,  a  straight 
course  757  feet  long,  of  quite  uniform  cross  section  at  bankful  stage 
(fig.  4,  F)  was  selected,  north  of  the  highway  bridge  about  1  mile 
east  of  Litton  and  about  6  miles  from  Shaw.  At  the  lower  end  of  the 
course,  stakes  for  slope  measurements  were  located  about  50  feet 
above  the  entrance  of  a  lateral  surface  ditch.  The  gagings  for  dis- 
charge were  made  from  a  suspension  footbridge  built  about  in  the 
middle  of  the  course. 

The  collection  of  drift  by  the  bridge  below  the  course  and  sedi- 
mentary deposits  as  a  result  of  the  drift  and  the  entrance  of  a  lateral 
ditch  just  above  the  bridge  rendered  this  course  rather  unsuitable 
for  accurate  determinations  of  the  value  of  n.  During  periods  of 
no  flow  a  pond  of  stagnant  water  extended  nearly  the  whole  length 
of  the  course,  this  being  due  to  the  sediment  deposited  near  the 
bridge.     The  side  slopes  and  bed  of  the  channel  were  quite  regular. 
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Some  weeds  were  found  on  the  side  slopes.  (PI.  5,  A.)  The  soil  is 
similar  to  that  found  in  the  channel  of  Bogue  Hasty.  (See  fig.  3,  G 
for  average  cross  section.)  The  results  of  the  experiments  on  this 
ditch  are  shown  in  Table  2. 

The  slope  course  used  in  1924  to  1926  was  straight  and  897  feet 
long,  and  included  the  shorter  course  used  during  1915.  Gagings 
were  made  from  the  highway  bridge  1  mile  east  of  Litton,  which 
had  a  main  span  of  29  feet.  Conditions  for  measuring  both  discharge 
and  slope  were  now  fairly  good,  the  channel  having  been  redredged 
in  1923.  A  view  of  the  channel  taken  in  August,  1924,  is  shown  in 
Plate  5,  B.  The  condition  with  regard  to  vegetation  was  much  worse 
in  1926.  There  was  not  much  variation  in  cross  section  at  high 
stages,  but  considerable  for  low  stages.  (Fig.  4,  G.)  The  side 
slopes  were  subject  to  caving,  and  were  irregular  and  uneven. 
(Fig.  3,  G.) 

Higher  values  of  n  were  obtained  during  1926  than  during  1924, 
partly  because  there  was  more  vegetation  in  the  channel  at  the  time 
of  the  last  measurements.  A  higher  value  was  obtained  in  May, 
1924,  than  in  February  of  the  same  year,  0.044  as  compared  with 
0.038,  due  largely  to  the  foliage  on  the  vegetation  in  the  later  month. 
However,  part  of  these  differences  are  likely  due  to  channel  condition 
being  worse  for  the  lower  than  for  the  higher  stages  of  flow  (see 
Table  2). 

EAST    BOGUE    HASTY 

The  course  for  slope  measurements  on  East  Bogue  Hasty  was 
established  above  the  highway  bridge,  about  2  miles  east  of  Litton 
and  about  5  miles  from  Shaw.  A  stretch  of  502  feet  was  selected, 
its  upper  end  being  just  below  a  curve  in  the  channel  and  the  lower 
end  just  above  the  bridge  and  the  entrance  of  a  lateral  ditch.  The 
discharge  measurements  were  made  from  a  suspension  footbridge 
about  midway  of  the  course.  This  course  was  rather  short  for  accu- 
rate determinations  of  slope  but  was  the  straightest  stretch  of  com- 
paratively uniform  section  (fig.  4,  H)  that  could  be  found  near  the 
lower  end  of  the  channel. 

The  side  slopes,  and  in  some  places  the  bed  of  the  channel,  were 
covered  with  weeds  and  weed  stubble,  and  the  side  slopes  were 
slightly  irregular.  (PL  4,  C.)  Practically  no  caving  took  place 
along  the  course,  which  fact  was  due,  no  doubt,  to  the  vegetation 
covering  the  banks.  The  soil  is  quite  similar  to  that  in  the  channel 
of  Pecan  Bayou. 

The  values  obtained  for  n  are  shown  in  Table  2,  and,  as  would  be 
expected  from  the  condition  of  the  channel,  are  even  higher  than  those 
found  for  a  bankful  stage  of  Bogue  Hasty.  Some  trouble  was  ex- 
perienced during  the  measurements,  owing  to  drift  collected  at  the 
bridge,  and  this  may  be  in  part  responsible  for  the  rather  high  values 
obtained  for  n,     (See  fig.  3,  H  for  average  cross  section.) 

HORSESHOE    BAYOU 

A  straight  slope  course  of  1,020  feet  was  used  on  this  channel. 
Accurate  discharge  measurements  were  obtained  from  a  specially 
constructed  suspension  foot  bridge.  Conditions  for  measurements  on 
this  channel  were  very  good.  The  bottom  of  the  channel  was  rather 
rough  and  irregular,  and  there  were  two  small  sand  bars  where  water 
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Plate  5. 


A,  We-st  Bof;ue  Ha-sty  dredged  channel  near  Shaw,  Miss.,  looking  up  sloiie  course.  IHl.'i;  B,  same 
location  as  A  above,  looking  ui)  slo|)e  course,  August,  1924;  C.  Horseshoe  Bayou  dredged  chanuel 
near  Cleveland,  Miss.,  looking  down  slope  course,  May,  1924.    (See  Table  2) 
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Plate  6. 
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A,  Dredged  ditch  No.  1,  near  Shaw,  Miss.,  looking  down  slope  course,  March,  1926  (see  Table  2); 
B,  Snake   Creek  dredged  channel  near  Victor,  Miss.,   looking  up  slope  course,  April,  1924  (see 
Table  2);  C,  South  Forked  Deer  River  dredged  channel  near  Roberts,  Tenn.,  looking  up  slope  course, 
.  1916  (see  Table  3) 
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entered  from  openings  in  the  banks.  No  appreciable  amount  of 
water  entered,  however,  while  gagings  were  being  made.  There 
was  a  tendency  for  the  cross  section  to  increase  somewhat  from  the 
upper  to  the  lower  end  of  the  slope  course.  (Fig.  4,1.)  A  good  idea 
of  the  condition  of  the  channel  with  regard  to  vegetation  and  side 
slopes  can  be  obtained  from  a  view  taken  Ln  August,  1924,  and  shown 
in  Plate  5,  C.     (See  fig.  3,  I  for  average  cross  section  of  channel.) 

It  will  be  seen  in  Table  2  that  there  is  a  considerable  difference 
in  the  values  of  n  obtained  for  the  two  nearly  similar  lower  stages. 
This  is  due  to  the  fact  that  there  was  a  much  greater  amount  of  weeds 
and  grass  in  the  bottom  of  the  channel  in  June  when  the  value  0.053 
was  obtained  than  in  May  when  the  value  0.035  was  obtained.  It 
is  believed  that  a  value  of  about  0.030  during  the  winter  months  would 
have  been  found  for  this  channel,  had  it  not  been  for  the  condition 
of  the  bottom. 

DITCH    NO.    1 

Discharge  measurements  on  this  channel  were  made  from  a  suspen- 
sion footbridge,  and  conditions  were  very  good  for  accurate  measure- 
ments. The  slope  course  was  straight  and  995  feet  long.  The 
gaging  station  was  located  about  2  miles  west  of  Shaw.  The  size  of 
the  cross  section  decreased  considerably  from  the  upper  end  to 
about  the  middle  of  the  course,  and  then  increased  to  the  end  of  the 
course.  (Fig.  4,  J.)  The  side  slopes  were  quite  irregular  and  rough, 
varying  from  steep  to  very  flat,  and  were  covered  with  a  growth  of 
grass  and  dead  weeds  when  the  measurements  were  made.  The 
condition  is  well  shown  in  Plate  6,  A.  (See  fig.  3,  J  for  average  cross 
section.) 

Two  measurements  were  made  at  about  half-bankful  stage,  each 
giving  the  value  of  n  as  0.041.  It  is  believed  that  a  value  of  0.035 
would  have  been  obtained  for  a  bankful  stage. 

SNAKE    CREEK 

Conditions  for  both  slope  measurements  and  discharge  were  good 
on  this  channel.  The  gaging  station  was  located  on  a  single-span 
bridge  at  Victor.  The  slope  course  was  straight  and  1,000  feet  in 
length.  As  may  be  seen  from  the  view  in  Plate  6,  B,  tliis  channel 
was  in  excellent  condition.  The  cross-sectional  area  was  quite 
uniform  (fig.  4,  K);  the  side  slopes  and  bottom  were  regular  and 
even.     (See  fig.  3,  K  for  average  cross  section.) 

Only  one  measurement  was  made,  and  a  value  of  0.028  was  obtained 
for  n  with  the  depth  of  flow  8.6  feet.  The  dredging  of  this  channel 
was  completed  only  a  few  weeks  before  the  measurement  was  made. 

DISCUSSION    OF    WASHINGTON    AND    BOLIVAR    COUNTIES    EXPERIMENTS 

The  results  of  these  experiments  show  that  for  a  newly  dredged 
channel  of  regular  side  slopes  and  uniform  section  in  this  locality 
the  value  of  n  is  low,  judging  from  the  value  0.028  obtained  for  Snake 
Creek.  It  is  apparent,  however,  that  channels  in  this  locality  soon 
deteriorate,  principally  on  account  of  the  growth  of  vegetation.  The 
larger  dredged  channels  such  as  Bogue  Hasty  and  the  Bogue  Phalia  at 
Helm  maintain  themselves  in  better  condition  than  the  smaller  ones, 
as  a  general  rule,  no  doubt  because  of  the  greater  low-water  flow, 
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which  tends  to  prevent  the  rapid  growth  of  vegetation,  particularly 
on  the  bottom  of  the  channel.  Erosion  also,  in  the  Bogue  Phalia 
channel  near  Helm,  has  tended  to  prevent  the  rapid  growth  of  vegeta- 
tion. In  view  of  the  rapid  deterioration  of  these  watercourses,  it  is 
not  believed  advisable  to  use  a  value  of  n  less  than  0.035  in  the  design 
of  channels  in  this  section  or  in  similar  sections  of  the  country,  and 
then  the  vegetation  should  be  cleared  out  annually  to  maintain  the 
hydraulic  efficiency. 

EXPERIMENTS  IN  WESTERN  TENNESSEE 

These  experiments  were  conducted  during  the  years  1916  and  1917. 
Values  of  n  were  obtained  for  six  different  courses  of  the  channel  of 
the  South  Forked  Deer  River  and  for  courses  of  the  channels  of  the 
North  Forked  Deer  River,  Huggins  Creek,  Sugar  Creek,  and  Cypress 
Creek.  The  topography  of  the  watersheds  of  these  channels  is  rolling 
and  somewhat  hilly. 

SOUTH  FORKED  DEER  RIVER  NEAR  ROBERTS 

Gagings  of  this  channel  were  made  from  a  single-span  highway 
bridge  about  1  mile  south  of  Roberts.  The  slope  coui-se  was  1,412 
feet  long,  and  was  located  just  above  the  gaging  station.  The  chan- 
nel increased  gradually  in  size  from  the  upper  to  the  lower  end  of  the 
course,  there  being  no  abrupt  changes  in  size  or  shape  along  the 
course.  (Figs.  5,  A  and  6,  A.)  There  was  no  vegetation  nor  any 
marked  irregularities  in  the  channel.  (PL  6,  C.)  Considerable  ero- 
sion had  taken  place  in  this  channel  to  which  was  largely  due,  no  doubt, 
the  remarkably  few  irregularities  and  the  freedom  from  vegetation. 
As  shown  in  Table  3,  lower  values  of  n  were  obtained  for  this  channel 
than  for  any  of  the  other  channels  in  Tennessee. 

SOUTH    FORKED    DEER    RIVER    NEAR    JACKSON 

Discharge  measurements  of  tliis  channel  were  made  from  a  single- 
span  skew  highway  bridge  on  the  Bolivar  levee  road  about  one-half 
mile  from  Jackson.  The  upper  end  of  the  slope  course  was  located 
about  75  feet  below  the  bridge;  the  course  was  952  feet  long,  and 
straight.  The  cross-sectional  area  was  fairly  uniform  for  high 
stages,  but  for  low  stages  several  abrupt  changes  in  size  occurred. 
(Figs.  5,  B  and  6,  B.)  The  effect  of  roughness  and  irregularities  in 
the  lower  portion  of  the  channel  upon  the  value  of  n  is  revealed  in  the 
results  obtained.  (Table  3.)  Although  the  channel  was  free  from 
vegetation  and  obstructions,  yet  the  values  of  n  obtained  are  con- 
siderably higher  than  those  obtained  for  the  channel  at  Roberts. 
The  irregularities  in  the  channel  were  left  at  the  time  of  construction, 
the  bottoms  and  sides  having  never  been  smoothed  up  properly. 
(PI.  7,  A.) 
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Plate  7. 


A,  South  Forked  Deer  Hiver  dredRed  channel  at  Holivar  I^vee  Road  near  Jackson,  Tenu..  looking 
down  slo|)e  pourse,  15*17;  H%  South  Forked  Deer  River  dredged  channel  near  Henderson.  Tenn., 
l(K)king  up  slope  course,  IQlfi;  C,  North  Forked  Deer  River  dredged  channel  near  Trenton,  Tenn., 
looking  down  sloi)e  course,  1916.    (See  Table  3) 
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SOUTH    FORKED    DEER    RIVER    NEAR    HENDERSON 

The  gaging  station  was  located  on  the  single-span  highway  bridge 
about  VA  miles  east  of  Henderson,  Tenn.  A  straight  course  624  feet 
in  length,  below  the  gaging  station,  was  selected  for  slope  measure- 
ments. Experiments  were  made  on  this  channel  during  both  1916 
and  1917,  and  there  was  very  Uttle  difference  in  the  channel  for  the 
two  sets  of  experiments  or  in  the  values  of  n  obtained  for  the  corre- 
sponding stages.  (Table  3.)  It  is  beheved  that  the  results  obtained 
are  quite  accurate.  The  channel  as  a  whole  was  in  very  good  con- 
dition. The  side  slopes  were  slightly  irregular,  the  bottom  was 
fairly  even  except  for  a  few  depressions,  and  there  was  practically  no 
vegetation  in  the  channel.     (PI.  7,  B;  and  figs.  5,  C;  6,  C;  and  6,  D.) 

NORTH   FORKED   DEER   RIVER 

A  single-span  skew  bridge  on  the  Huntingdon  levee  road  about 
one-half  mile  from  Trenton  was  used  as  a  gaging  station.  The  slope 
course  was  straight  and  extended  upstream  from  near  the  bridge  for 
a  distance  of  699  feet.  The  variations  in  the  cross-sectional  area 
were  quite  large,  but  there  were  no  abrupt  changes  in  section  for  the 
higher  stages.  Owing  to  the  fact  that  the  size  of  the  channel  increased 
gradually  from  the  upper  to  the  lower  end  of  the  course,  it  is  not 
believed  that  the  differences  in  the  area  of  the  cross  section  had  any 
appreciable  effect  upon  the  value  of  n  for  the  course.  (Figs.  5,  E; 
6,  E;  and  6,  F.)  There  were  practically  no  vegetation  or  other 
obstructions  in  the  channel.     (PI.  7,  C.) 

Referring  to  measurements  28  and  37  in  Table  3,  it  is  seen  that  the 
values  of  n  obtained  for  the  highest  stages  during  1916  and  1917 
were  the  same,  0.027.  The  increase  in  size  of  the  channel  due  to 
erosion  during  the  interval  of  time  between  the  above  measurements 
was  23.5  per  cent,  from  which  it  is  seen  that  the  erosion  of  the  channel 
in  this  particular  instance  produced  no  appreciable  change  in  the 
value  of  n  for  the  channel.  The  low  values  of  n  for  the  higher  stages 
as  compared  with  the  results  obtained  for  the  other  channels  may  be 
attributed  to  the  absence  of  abrupt  changes  in  cross  section  and  to 
the  freedom  from  growth  and  obstructions  in  the  channel. 

HUGGINS   CREEK  * 

The  Huggins  Creek  gaging  station  was  located  on  the  single-span 
highway  bridge  about  100  yards  east  of  the  Mobile  &  Ohio  Railroad, 
near  Finger,  Tenn.  The  slope  course  was  straight,  extended  down- 
stream from  the  gaging  station,  and  was  914  feet  long  for  the  first 
series  of  experiments  and  686  feet  long  for  the  second.  (PI.  8,  A; 
and  figs.  5,  G;  6,  G;  and  6,  H.) 

The  values  obtained  at  Finger  (Table  3,  measurements  38  to  50) 
are  fairly  consistent  for  all  stages  and  are  rather  high.  This  is  due 
to  the  fact  that  irregularities  and  growth  in  the  channel  are  quite 
evenly  distributed  from  top  to  bottom  of  the  channel  and  to  large 
variations  in  cross  section.  This  channel  is  rapidly  deteriorating, 
because  of  caving  of  the  banks  and  growth  in  the  channel,  which  fact 
is  indicated  by  the  higher  values  of  n  obtained  during  the  second 
period  of  investigations, 
47184°— 29 3 
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FiOTJBE  6.— Graphs  for  experiments  in  western  Tennessee,  showing  per  cent 
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variation  from  average  cross-sectional  area  for  all  cross  sections  along  slope  courses 
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SUGAR    CREEK 


The  gaging  station  for  Sugar  Creek  was  located  on  a  single-span 
highway  bridge  a  short  distance  above  the  Mobile  &  Ohio  Railroad, 
and  about  one-half  mile  from  Henderson.  The  slope  course  was 
located  below  the  bridge  and  was  669  feet  long,  the  first  half  of  the 
course  being  straight  and  the  last  half  a  smooth,  easy  curve.  There 
was  found  to  be  no  appreciable  difference  in  the  slope  as  between 
the  curved  and  straight  portions  of  the  slope  course.  Abrupt  changes 
in  the  size  of  the  channel  occurred  along  the  slope  course  (figs.  5,  I 
and  6,  I),  and  the  lower  portion  of  the  channel  was  rough  and  irregu- 
lar, not  having  been  finished  up  properly  at  the  time  of  construction. 
(See  Table  3  for  values  of  n,  and  Plate  8,  B,  for  view  of  channel.) 


CYPRESS    CREEK 


Gagings  of  Cypress  Creek  were  made  from  the  single-span  cattle 
bridge  about  200  yards  above  the  highway  bridge  at  Bethel  Springs, 
Tenn.  This  bridge  was  located  on  the  slope  course,  close  to  the 
lower  end.     The  slope  course  was  straight  and  308  feet  in  length. 

Values  of  n  for  the  high  stages  were  not  obtained  for  Cypress 
Creek.     The  values  obtained  (see  Table  3,  measurements  60  to  62) 


Campbells  Levee  Road 


Figure  7.— Slope  courses  of  South  Forked  Deer  River  at  Campbells  levee  road,  near  Jackson,  Tenn. 

are  high,  as  is  the  case  on  most  of  the  channels  at  low  stages,  and  are 
due  to  irregularities  and  vegetation  in  the  channel.  It  is  Hkely  that 
a  lower  value  of  n  would  have  been  obtained  for  a  bankful  stage. 
(PI.  9,  A  and  figs.  5,  J  and  6,  J.) 

SOUTH  FORKED  DEER  RIVER  AT  CAMPBELL's  LEVEE  ROAD 

Experiments  were  conducted  on  the  river  channel  at  the  Camp- 
bell's levee  road,  near  Jackson,  to  determine  the  values  of  n  for  three 
different  but  consecutive  courses,  viz:  Old  channel  (straight  and 
crooked)  and  new,  irregular,  dredged  channel.  The  relation  of  these 
courses  as  to  location  and  alignment  is  shown  in  Figure  7.  A  good 
comparison  for  the  courses  can  be  made,  since  the  values  of  n  for 
the  different  courses  were  computed  from  the  same  discharge  measure- 
ments, made  from  a  suspension  footbridge  at  the  upper  end  of  the 
old  straight  course,  so  that  any  error  in  discharge  would  not  materially 
affect  the  relative  values  of  n.  The  results  obtained,  and  a  detailed 
description  of  the  three  different  courses,  are  given  in  Table  3, 
measurements  63  to  76.     (See  pi.  9,  B,  and  pi.    10,  for  views  of 
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Plate  8. 


A,  iluggins  Creek  dredged  channel  near  Finger,  Tenn.,  looking  up  slope  course,  1917;  B,  Su^'ur  Creek 
dredged  channel  near  Henderson,  Tenn.,  looking  up  slope  course,  1917.     (See  Table  3) 
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A,  Cypress  Creek  dredged  channel  near  Bethel  Springs,  Tenn.,  looking  up  slope  course,  1917;  B,  South 
Forked  Deer  River  dredged  channel  at  Campbells  I>evee  near  Jackson,  Tenn.,  looking  down  slope 
course,  1916.    (See  Table  3) 
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A,  South  Forked  Deer  Kiver  oUl  straight  channel  at  ('ampbells  Levee  near  Jackson.  Tenu.,  looking 
down  sloi)e  course,  1910;  B,  South  Forked  Deer  River  o'd  crooked  channel  at  Campbells  Levee  near 
Jackson,  Tenn.,  looking  down  slope  course,  1U16.    (See  Table  3) 
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the  three  courses.)  The  conditions  found  in  the  two  sections  of 
the  old  channel  are  typical  of  those  prevailing  in  channels  in  this 
section  of  the  country.  The  dredged  channel  is  more  irregular 
in  shape  of  cross  section  than  is  the  usual  dredged  channel  in  this 
part  of  the  country.  (For  cross  sections  and  variation  in  size  of 
channel  along  slope  courses  see  figs.  5,  K;  5,  L;  5,  M;  6,  K;  6,  L;  and 
6,  M.) 

In  comparing  the  values  of  n  obtained  for  the  fourth  measurement 
in  each  channel  (Table  3,  measurements  66,  70,  and  75)  it  is  seen 
that  the  values  are  0.037,  0.062,  and  0.146  for  the  dredged,  old 
straight,  and  old  crooked  channels,  respectively;  also  that  the  slopes 
required  for  the  same  discharge  are  more  than  three  times  as  much 
for  the  old  straight  channel  as  for  the  dredged  channel,  and  about 
nine  times  as  much  for  the  old  crooked  channel.  In  order  to  show 
the  relative  capacities  for  these  three  courses  of  channel,  for  the 
values  of  n  given  above,  the  following  computations  were  made 
in  which  the  slope,  hydrauHc  radius,  and  cross-sectional  area  for 
measurement  66  were  used. 


[Cross-soctional  area=315.6  square  feet.    Hydraulic  radius=5.45  feet.    Slopc=0 


,0003] 


Channel 


C 

Mean 

Dis- 

velocity 

charge 

Ft. 

per  sec. 

Sec.  feet 

0.037 

55.3 

2.24 

707 

.062 

34.1 

1.38 

436 

.140 

15.1 

.61 

193 

Relative 

dis- 
charges 


Dredged 

Old  straight 
Old  crooked 


Per  cent 
100.0 
61.7 
27.3 


Results  of  the  above  computations  show  that  for  similar  cross 
sections  and  slope  the  dredged,  old  straight,  and  old  crooked  channels 
would  carry  707,  436,  and  193  second-feet  respectively,  the  capacity 
of  the  old  straight  channel  being  only  62  per  cent  of  that  of  the 
dredged,  and  of  the  old  crooked  channel  only  27  per  cent  of  the  dredged. 
The  difference  in  the  capacities  of  the  old  straight  channel  and  old 
crooked  channel  is  not  due  entirely  to  the  curves  in  the  latter,  since 
the  accumulation  of  drift,  trees,  and  logs  was  greater  in  the  crooked 
channel.  However,  the  difference  in  the  condition  of  the  two  chan- 
nels may  be  directly  attributed  to  the  presence  of  the  curves,  since 
there  is  a  greater  tendency  for  drift  and  other  obstructions  to  accumu- 
late in  a  crooked  than  in  a  straight  course  of  channel. 


DISCUSSION    OF    WESTERN   TENNESSEE    EXPERIMENTS 

The  experiments  in  western  Tennessee  cover  a  greater  variety  of 
conditions  in  channels  than  do  any  of  the  other  eight  sets,  the  values 
of  n  obtained  ranging  from  0.024  for  the  dredged  channels  near 
Roberts  and  Trenton  to  0.162  for  the  old  crooked  river  channel  near 
Jackson.  The  results,  however,  do  not  justify  the  use  of  a  coefficient 
as  low  as  the  first  named  above  in  the  design  of  dredged  channels, 
since  it  is  not  the  rule  that  a  dredged  channel  maintains  its  original 
efficiency. 
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It  is  not  believed  that  a  value  of  n  less  than  0.035  should  be  used  in 
the  design  of  small  ditches  such  as  Huggins  Creek  and  Sugar  Creek 
in  this  section  of  the  country,  or  less  than  0.30  for  large  ditches  such  as 
the  South  Forked  Deer  River  at  Roberts,  where  there  is  a  fairly  large 
low-water  flow.  Where  it  is  desired  to  compute  the  capacity  of  an 
existing  channel,  the  proper  value  of  n  can  be  selected  by  a  comparison 
of  the  conditions  in  the  channel  with  the  conditions  described  for  the 
various  channels  for  which  ?i  has  been  determined  in  these  experiments. 

EXPERIMENTS  IN  WESTERN  IOWA 

Experiments  in  western  Iowa  were  conducted  in  the  following 
streams:  Allen  Creek,  Willow  Creek,  Pigeon  Creek,  Boyer  River,  the 
Monona-Harrison  Ditch,  and  Little  Sioux  River.  The  topography 
of  the  watersheds  of  these  channels  varies  from  rolling  to  hilly, 

ALLEN    CREEK 

Gagings  of  Allen  Creek  were  made  from  the  first  highway  bridge 
north  of  the  Chicago  &  North  Western  Railroad  about  1  mile  west 
of  Missouri  Valley.  The  upstream  end  of  the  course  for  slope  meas- 
urements, which  was  794  feet  in  length,  was  about  130  feet  down- 
stream from  the  bridge.  A  view  of  the  slope  course  is  shown  in 
Plate  11,  A.  It  is  seen  from  this  view  and  from  Figure  8,  A,  that 
the  course  is  straight  and  that  the  side  slopes  of  the  channel  are 
very  smooth  and  regular  and  stand  at  a  slope  of  about  Ij/^  to  1.  No 
appreciable  amount  of  vegetation  can  be  seen  in  the  channel.  This 
stream  was  enlarged  to  its  present  size  during  the  summer  of  1916, 
and  the  measurements  for  values  of  n  were  made  about  one  year 
later.  The  soil  in  the  channel  is  a  heavy  dark  loam.  The  bottom 
of  the  channel  is  generally  covered  with  soft  mud  to  a  depth  of  one- 
half  to  1  foot,  and  the  side  slopes,  after  high  stages  in  the  channel, 
are  left  covered  with  a  coat  of  slippery  shmy  mud  or  silt.  This  coat 
can  be  seen  by  an  inspection  of  Plate  11,  A. 

Two  measurements  of  flow  were  made,  for  practically  bankful 
stages.  (Table  4,  Nos.  1  and  2.)  The  value  of  n  determined  from 
each  measurement  was  0.014,  which  is  exceedingly  low  for  dredged 
drainage  ditches  and  may  be  ascribed  in  part  to  the  excellent  condi- 
tion of  the  channel  and  the  uniformity  of  cross  section  (fig.  9,  A), 
but  mostly  to  the  actual  lining  of  the  entire  perimeter  of  the  channel 
with  a  coating  of  shmy,  sUppery  mud.  This  coating  of  mud  no  doubt 
greatly  decreased  the  friction  between  the  moving  water  and  perimeter 
of  the  channel. 

WILLOW    CREEK 

Discharge  measurements  of  the  Willow  Creek  dredged  channel 
were  made  at  the  Chicago  &  North  Western  Railroad  bridge  near 
Missouri  Valley.  The  slope  posts  for  the  upper  end  of  the  slope 
course  were  set  about  155  feet  below  the  bridge,  the  length  of  the 
course  being  1,004  feet.  It  can  be  seen  from  Figures  8,  B  and  9,  B, 
and  Plate  11,  B,  that  the  slope  course  is  straight  and  very  uniform 
in  cross  section.  The  left  side  slope  is  much  more  regular  and  smooth 
than  the  right  side  slope,  and  resembles  the  slopes  of  the  Allen  Creek 
ditch  in  this  respect.  Some  vegetation  can  be  seen  in  the  channel, 
but  it  was  not  present  when  the  gagings  and  slope  measureraents 
were  made.     This  channel  is  comparatively  new,  having  been  en- 
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larged  to  its  present  size  during  the  summer  of  1916,  and  these 
measurements  were  made  and  views  taken  about  one  year  later.  The 
soil  in  the  channel  is  a  heavy  dark  loam,  similar  to  that  found  in  the 
Allen  Creek  channel.  The  bottom  of  the  channel  was  covered  with 
from  1  to  1 J/^  feet  of  mud  during  these  experiments,  and  the  coating 
of  the  perimeter  of  the  channel  with  slimy  mud  during  high  stages 
was  practically  the  same  as  in  Allen  Creek.  In  general,  the  channel 
is  very  similar  to  that  of  Allen  Creek,  and  the  values  of  n  obtained, 
as  given  in  Table  4,  are  practically  the  same  as  those  obtained  for 
Allen  Creek. 


BOYER    RIVER 


G agings  of  the  Boyer  River  were  made  at  the  Lincoln  Highway 
bridge  about  1  mile  from  Missouri  Valley.     The  downstream  end  of 
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FiouEE  9.— Graphs  for  experiments  in  western  Iowa,  showing  per  cent  variation  from  average  cross- 
sectional  area  for  all  cross  sections  along  slope  courses 

the  slope  course  was  197  feet  above  the  bridge.  The  length  of  the 
slope  course  was  868  feet.  A  view  of  the  slope  course  looking 
upstream  is  shown  in  Plate  11,  C.  The  downstream  slope  posts  are 
barely  visible  on  the  left-hand  side  of  the  view,  just  beyond  the 
break  in  the  bank.  It  can  be  seen  that  beyond  this  break  the  course 
of  the  channel  is  straight  and  fairly  uniform  in  cross  section.  (Fig. 
9,  C.)  The  sides  of  the  upper  part  of  the  channel  stand  at  a  slope 
of  about  1  to  1.  (Fig.  8,  C.)  The  soil  in  the  upper  part  of  the 
sides  of  the  channel  consists  of  a  dark  loam  and  in  the  lower  part  it 
is  a  hard  yellow  clay.  The  channel  is  practically  free  from  any  form 
of  vegetation,  which  condition  is  largelv  due  to  its  rapid  enlargement 
caused  by  erosion.  Since  the  channel  was  constructed,  in  1910,  it 
has  enlarged  to  almost  double  its  original  size. 
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During  flood  stages  the  condition  of  the  channel  was  very  similar 
to  that  described  for  the  Allen  and  Willow  Creek  channels.  After  the 
water  subsided  the  sides  of  the  channel  were  left  coated  with  a  thin 
layer  of  mud.  The  values  of  n  obtained  (Table  4)  are  higher  than 
those  obtained  for  Allen  and  Willow  Creeks,  which  is  attributed  to  the 
fact  that  the  sides  of  the  channel  are  considerably  more  irregular, 
as  may  be  seen  by  comparing  the  views  of  the  channels.  Also,  it  is 
believed  that  the  reduction  of  friction,  due  to  the  coating  of  mud  on 
the  sides  of  the  channels,  was  much  more  effective  on  the  rather  flat 
side  slopes  of  Willow  and  Allen  Creeks  than  on  the  steeper  side  slopes 
of  the  Boyer  River  channel.  It  will  be  noted  that,  for  the  Boyer 
River  channel,  the  value  of  n  increases  as  the  stage  decreases.  This 
is  due,  no  doubt,  to  the  fact  that  the  lower  part  of  the  channel  is 
more  irregular  than  the  upper  part. 

PIGEON    CREEK 

Gagings  of  Pigeon  Creek  were  made  at  the  highway  bridge  about 
one-half  mile  above  the  Chicago  &  North  Western  Railroad,  near  the 
town  of  Crescent.  A  view  of  the  course  of  slope  measurements  is 
shown  in  Plate  12,  A.  This  view  was  taken  looking  downstream 
from  the  gaging  station.  The  upstream  slope  posts,  which  were 
about  65  feet  below  the  bridge,  can  be  seen  on  the  right-hand  side 
of  the  view. 

The  upper  portion  of  the  sides  of  the  channel  stand  at  a  slope  of 
about  1  to  1.  (Figs.  8,  D  and  9,  D.)  There  was  very  little  vegeta- 
tion in  the  channel  when  the  gagings  and  slope  measurements  were 
made.  The  soil  in  the  channel  is  a  heavy  dark  loam,  and  the  bottom 
of  the  channel  is  generally  covered  with  one-half  to  1  foot  of  mud. 
The  channel  was  dug  in  1907,  and  has  increased  somewhat  in  depth 
since  that  time  but  not  much  in  width.  The  right  bank  of  the  channel 
is  rather  smooth  and  regular,  while  the  left  bank  is  rough  and  irregular. 
During  flood  stages  the  channel  was  coated  with  mud,  as  described 
for  the  channels  near  Missouri  Valley. 

In  Table  4,  measurements  11  and  12,  are  shown  two  values  of  n 
obtained  for  high  stages  in  the  channel.  These  values  are  much  larger 
than  those  obtained  for  Willow  and  Allen  Creeks,  which  is  perhaps 
due  to  the  rougher  condition  and  greater  fall  of  the  channel,  both  of 
which  conditions  probably  rendered  less  effective  the  mud  coating  in 
reducing  friction. 

MONONA-HARRISON    DITCH 

A  view  of  the  slope  course  on  the  Monona-Harrison  ditch,  near 
Onawa,  is  shown  in  Plate  13,  A.  This  view  was  taken  looking 
upstream  from  the  gaging  station,  which  was  located  at  the  highway 
bridge  on  the  Turin-Onawa  road.  The  length  of  the  slope  course  was 
948  feet.  Experiments  were  made  during  the  years  1916  and  1917. 
and  not  much  difference  was  found  in  the  size  and  condition  of  the 
channel  for  the  two  sets  of  measurements. 

In  Table  4  are  given  the  values  of  n  obtained  for  the  years  1916 
and  1917,  respectively.  From  this  table  it  is  seen  that  the  values  of  n 
obtained  for  the  low  stages  during  1916  are  lower  than  those  obtained 
for  the  higher  stages  during  1917.  This  is  due  to  the  fact  that  the 
upper  portion  of  the  channel  is  irregular  and  covered  with  growth, 
as  may  be  seen  from  the  view  of  the  channel.     During  the  gagings 
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Plate  11. 


A,   Allen  ("reek  dredged  chunnel   netir   MLssouri  Valley,  Iowa,  lookin^t  down  sloj>e  course,  1917; 

H,  Willow  Creek  dredged  channel  nejir  .Mi.ssouri  Valley,  Iowa,  looking  down  slope  course,  1917; 

C,  Boyer  River  dredged  channel  near  Mijwouri  Valley,  Iowa,  looking  up  slope  course,  1917.  (See 
Table  4) 
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Plate  12. 


A,  Pigeon  Creek  dredged  channel  near  Crescent,  Iowa,  looking  down  slope  course,  1917;  B,  Little 
Sioux  River  cut-off  dredged  channel  near  Turin,  Iowa,  looking  up  slope  course,  1916;  C,  Same  view 
as  B  above,  1917.    (See  Table  4) 
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and  slope  measurements  the  water  was  not  as  fully  laden  with  silt  as 
in  the  case  of  the  ditches  in  the  vicinity  of  Missouri  Valley,  nor  were 
the  sides  of  the  channel  so  well  coated  with  mud.  The  bed  and  the 
flatter  portions  of  the  sides  of  the  channel  were  covered  with  silt, 
varying  in  depth  from  one-half  to  13^  feet.  (See  fig.  8,  E  for  average 
cross  section  of  channel.) 

LITTLE    SIOUX    RIVER    CUT-OFF 

G  agings  of  the  Little  Sioux  River  were  made  from  the  highway 
bridge  on  the  Onawa-Turin  Road,  about  one-half  mile  from  Turin. 
Values  of  n  for  the  channel  were  obtained  during  1916  and  1917. 
Views  of  the  slope  course  taken  during  June,  1916,  and  June,  1917, 
are  shown  in  Plates  12,  B  and  12,  C.  The  length  of  the  slope  course 
for  the  measurements  made  in  1916  was  1,212  feet,  and  for  those  made 
in  1917  was  1,654  feet.  The  slope  course  was  located  on  the  straight 
stretch  of  channel  above  the  gaging  station  at  the  highway  bridge. 
The  soil  in  the  upper  part  of  the  channel  is  a  dark  silty  loam,  while  in 
the  lower  part  it  is  a  heavy  firm  clay.  There  was  practically  no  silt 
in  the  bed  of  the  channel  during  the  time  that  the  experiments  were 
made.  The  channel  during  1916  was  fairly  uniform  in  section,  and 
the  left  bank,  which  is  shown  on  the  right-hand  side  of  the  view  (pi. 
12,  B),  was  quite  regular.  The  right  bank  was  somewhat  irregular, 
due  to  ca\ang.  (See  fig.  8,  F  for  average  cross  sections  of  the  chan- 
nel.) There  was  some  vegetation  on  both  side  slopes  as  may  be 
seen  from  the  view.  The  values  of  n  obtained  shown  in  Table  4, 
are  about  what  would  be  expected  for  a  channel  in  its  condition. 

Plate  12,  C  shows  the  condition  of  the  same  channel  in  June, 
1917.  The  right  bank,  which  in  1916  was  covered  with  trees,  has 
caved  into  the  channel,  and  the  left  bank  is  considerably  rougher 
than  it  was  in  June,  1916.  The  two  values  of  n  obtained,  0.075  and 
0.076,  are  considerably  higher  than  those  obtained  in  1916.  This  may 
readily  be  ascribed  to  the  ca\'ing  of  the  right  bank,  which  carried  into 
the  channel  large  trees  and  other  obstructions.  The  water  during  the 
experiments  was  not  laden  with  silt,  as  in  the  case  of  the  ditches  near 
Missouri  Valley,  and  the  channel  was  not  coated  with  mud  after  the 
subsidence  of  the  water. 

DISCUSSION    OF    WESTERN    IOWA    EXPERIMENTS 

The  low  values  of  n  obtained  for  the  Allen  and  Willow  Creek 
ditches  (0.013  to  0.014)  are,  so  far  as  the  writer  knows,  without 
precedent  for  dredged  channels.  From  a  close  examination  of  the 
views  of  these  courses,  one  would  expect  low  values  of  n  for  channels 
with  such  regular  and  smooth  side  slopes  and  uniform  cross  sections. 
However,  the  fact  that  the  values  of  n  are  so  low  can  not  be  attributed 
alone  to  these  conditions,  since  a  low  value  of  n  was  obtained  for  a 
bankful  sta^e  of  the  Boyer  River  Channel,  wliich  does  not  filfill  these 
ideal  conditions  of  regularity  and  uniformity.  The  low  values  are 
therefore  due  mostly,  no  doubt,  to  the  coating  of  slick,  silty  mud  with 
which  the  perimeters  of  the  channel  were  covered,  the  tendency  being 
to  smooth  up  irregularities.  It  is  not  conclusively  apparent  why  the 
values  of  n  for  Pigeon  Creek  are  so  much  higher  than  for  Willow 
Creek  since  the  conditions  of  the  ditches  are  somewhat  similar.  It 
is  possible  that  the  slight  difference  in  the  condition  of  the  channel 
and  the  greater  fall  rendered  the  mud  coating  less  effective  in  reducing 
frictional  resistance. 
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In  view  of  the  results  obtained  for  Pigeon  Creek,  the  Monona- 
Harrison  Ditch,  and  the  lower  part  of  the  Boyer  River  Channel,  it  is 
possible  that  the  effectiveness  of  this  coating  of  mud  in  reducing 
friction  is  affected  by  vegetation,  roughness  of  channel,  angle  of  side 
slopes,  irregularity  of  cross  section,  and  slope  of  channel.  It  is  not 
recommended  that  such  low  values  of  n  as  obtained  for  Allen  and 
Willow  Creeks  be  employed  in  the  design  of  proposed  dredged  drainage 
channels  unless  there  is  no  question  but  that  all  the  conditions  of  the 
Allen  and  Willow  Creek  Channels  will  be  dupHcated.     It  should  also 

be  remembered  that  these 


TURKEY  BRANCH* 


ditches  are  comparatively 
new,  and  unless  the  pro- 
posed ditches  are  to  be 
carefully  maintained  to 
keep  the  channels  free  of 
growth  and  obstructions, 
and  unless  there  is  good 
reason  to  believe  that 
they  will  retain  their  orig- 
inal smooth  slopes  and 
uniform  cross  section,  a 
low  value  of  n  should  not 
be  used,  even  though  the 
silty  conditions  as  de- 
scribed above  could  be 
expected  to  prevail. 

EXPERIMENTS  IN   SOUTHERN 
NORTH  CAROUNA 

Values  of  n  were  deter- 
mined for  five  courses  of 
channels  in  Back  Swamp 
and  Jacob  Swamp  Drain- 
age District  in  Robeson 
County,  N.  C,  namely: 
Turkey  Branch,  Back 
Swamp,  Jacob  Swamp  at 
Lovett  Road,  Little 
Jacob  Swamp,  and  Jacob 
Swamp  at  the  Raleigh 
The  topography  of  the  watersheds  of  these 

TURKEY    BRANCH 

A  straight  course  200  feet  long  was  selected  for  slope  measurements 
on  the  Turkey  Branch  Channel  just  above  the  Atlantic  Coast  Line 
Railroad  southwest  of  Pembroke.  This  channel  is  small  and  was 
hand-dug.  (PI.  13,  B  and  fig.  10,  A.)  At  the  time  of  the  experi- 
ments the  channel  was  very  uniform  in  cross  section  for  a  bankful 
stage;  it  had  regular  side  slopes  and  was  free  from  growth  of  any 
kind.  The  values  of  n  obtained  were  only  for  very  low  stages.  As 
may  be  seen  from  Table  5,  the  average  maximum  depth  for  the 
channel  at  bankful  stage  was  5.0  feet,  and  only  0.95  foot  for  the 


■JACOB  SWAMP 

at  R.&.'c.R.R 


Figure  10.— Average  cross  sections  of  channels  for  experiments 
in  North  Carolina 


&  Charleston  Railroad, 
ditches  is  quite  flat. 
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Plate  13. 


A,  Monona- Harrison  dredged  channel  near  Onawa,  Iowa,  looking  up  slope  course,  1916  (see  Table 
4):  B,  Turkey  Branch  dredged  channel  near  Pembroke,  N.  (\,  sloi)e  course,  1915  (sec  Table 
5);  C,  Back  Swamp  dredged  channel  near  Lumberton,  N.  C,  slope  course,  1915   (see  Table  5) 
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Plate  14. 


A,  Jacob  Swamp  dredged  channel  at  Lovett  Road  near  Lumberton,  N.  C,  slope  course,  1915; 
B,  Little  Jacob  Swamp  dredged  channel  near  Lumberton,  N.  C,  slope  course,  1915;  C,  Jaoob  Swamp 
dredged  channel  at  R.  &  C.  R.  R.  near  Lumberton,  N.  C,  slope  course,  1915.    (See  Table  5) 
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highest  stage  for  which  n  was  determined.     The  cross  sectional  area 
of  the  lower  part  of  the  channel  varied  considerably  in  size.     (Fig. 

BACK   SWAMP 

A  straight  course  of  channel  250  feet  in  length  was  used  for  slope 
measurements  on  the  Back  Swamp  channel.  It  was  located  just 
west  of  the  Sunday  Ford  Road  and  about  8  miles  west  of  Lumberton. 
At  the  time  of  these  measurements  the  channel  was  quite  uniform 
in  cross  section,  and  the  side  slopes  were  quite  regular.  (Fig.  11,  B.) 
The  side  slopes  have  been  eroded  considerably  so  as  to  be  nearly 
vertical,  leaving  a  mat  of  overhanging  ragged  roots  on  either  bank. 
Owing  to  a  comparatively  swift  current,  there  were  no  weeds,  grass, 
or  other  vegetation  on  the  bottom  or  side  slopes,  but  there  were  a 
number  of  large  tree  roots  in  the  channel.  Plate  13,  C  and  Figure 
10,  B  show  the  condition  and  average  cross  section  of  channel,  and 
Table  5  shows  the  values  obtained  for  n.  Of  the  five  channels  for 
which  experiments  were  made,  this  is  the  only  one  where  a  value  of  n 
was  determined  for  a  near  bankful  stage. 

JACOB    SWAMP    AT    LOVETT    ROAD 

A  slope  course  300  feet  in  length,  just  west  of  the  Lovett  Road  and 
about  2  miles  south  of  Lumberton,  was  selected  for  slope  measure- 
ments on  this  channel.  The  cross  section  was  fairly  uniform  for  the 
higher  stages,  and  the  side  slopes  and  bottom  fairly  regular.  For 
the  lower  stages  there  was  considerable  variation  in  cross  section. 
(Fig.  1 1 ,  C.)  There  was  practically  no  vegetation  in  the  channel  when 
the  measurements  were  made  during  January  and  February,  but  for 
the  single  measurement  made  during  May  about  two-thirds  of  the 
bottom  and  side  slopes  were  covered  with  water  grass.  (See  pi.  14,  A, 
for  view  and  Fig.  10,  C,  for  average  cross  section  of  the  channel.) 

During  low  water  the  thread  of  the  stream  wanders  from  side  to 
side,  which,  with  the  large  and  abrupt  variations  in  cross  section,  is  no 
doubt  responsible  for  the  high  value  of  n  obtained  for  the  lowest 
stage.  (Measurement  11,  Table  5.)  The  high  value  obtained  for 
measurement  15  is  due,  of  course,  to  the  growth  of  grass  in  the 
channel.  This  value  was  obtained  for  about  half-bankful  stage. 
Values  for  higher  stages  were  not  obtained,  so  that  none  of  the  values 
of  n  given  in  Table  5  apply  to  the  channel  when  flowing  full. 

LITTLE    JACOB    SWAMP 

A  straight  course  500  feet  in  length,  just  west  of  the  Lovett  road 
about  2K  miles  south  of  Lumberton,  was  used  for  slope  measurements. 
This  course  was  fairly  uniform  in  cross  section  for  a  distance  of  about 
450  feet  from  the  upper  end  of  the  slope  course,  with  quite  regular 
side  slopes  and  bottom.  (Fig.  11,  D.)  There  was  very  little  growth 
in  the  channel  during  the  winter  months.  Plate  14,  B,  is  a  view 
of  the  channel  and  Figure  10,  D,  shows  the  average  cross  section. 
During  the  summer  months  grass  and  weeds  appear  in  the  channel, 
especially  along  the  edge  of  the  water,  and  there  were  several  patches 
of  moss  along  the  slope  course.  There  was  not  sufficient  growth  in 
the  channel  to  produce  a  very  marked  effect  upon  the  value  of  n.  as 
may  be  seen  from  the  small  difference  in  the  results  of  the  measure- 
ments as  given  in  Table  5  for  the  winter  and  summer  months.  The 
values  of  n  were  obtained  for  only  very  low  stages. 
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JACOB    SWAMP   AT   RALEIGH    &    CHARLESTON    RAILROAD 

The  slope  course  used  on  this  channel  was  300  feet  in  length  and 
was  located  just  west  of  the  Raleigh  &  Charleston  Railroad  trestle, 
about  2  niiles  south  of  Lumberton.  The  cross  section  of  this  course  of 
channel  was  fairly  uniform  for  a  distance  of  about  275  feet  from  the 
upper  end  of  the  course,  but  the  side  slopes  were  rather  irregular. 
(Fig.  11,  E.)  There  were  some  roots  and  dead  vegetation  in  the  chan- 
nel during  the  winter  months.  Silting  had  occurred  along  the  course, 
and  there  was  a  mud  island  3  feet  wide  by  10  feet  long  lying  length- 
wise of  the  channel  a  short  distance  above  the  lower  end  of  the  slope 
course.  During  the  summer  months  the  island  was  covered  with 
water  grass.  There  was  also  a  growth  of  grass  along  the  edge  of  low- 
water  stages  and  two  patches  of  grass  in  the  channel  along  the  course. 
Plate  14,  C, is  a  view  of  the  channel,  and  Figure  10,  E,  shows  the  aver- 
age cross  section. 

The  highest  stages  for  which  values  of  n  were  determined  were 
about  half-bankful.  Referring  to  Table  5,  it  can  be  seen  that  the 
values  of  n  obtained  during  the  summer  months  are  higher  than  those 
obtained  during  the  winter  months,  owing  to  the  growth  of  grass  in 
the  channel;  also  that  the  values  for  tne  summer  months  increase  as 
the  stage  decreases,  due  no  doubt  to  the  fact  that  for  the  lower  stages 
the  grass  filled  a  much  greater  proportion  of  the  cross-sectional  area 
of  the  channel. 

DISCUSSION    OF   NORTH    CAROLINA    EXPERIMENTS 

Attention  is  especially  called  to  the  fact  that  in  these  experiments 
values  of  n  were  not  obtained  for  bankful  stages,  and  this  should  be 
kept  in  mind  when  comparing  the  views  and  descriptions  of  the  chan- 
nels with  the  values  of  n  obtained.  A  value  of  n  for  a  near-bankful 
stage  was  obtained  on  the  Back  Swamp  channel,  but  in  the  other 
channels  the  highest  stages  for  which  values  of  n  were  determined  were 
about  half,  and  in  some  instances  considerably  less  than  half,  of  a 
bankful  stage. 

The  chief  value  of  these  experiments  lies  in  the  fact  that  values  of 
n  were  determined  before  and  after  the  growth  of  grass  in  three  of 
the  channels,  from  which  a  general  idea  can  be  obtained  as  to  the  re- 
tarding effect  of  grass  upon  the  flow  in  water  courses. 

With  the  exception  of  Back  Swamp  the  discharges  of  the  channels 
were  quite  small,  and  for  this  reason  it  is  not  believed  that  the  results 
are  as  accurate  as  were  obtained  for  the  other  experiments  herein  dis- 
cussed, since  the  effect  of  errors  in  making  small  discharge  measure- 
ments is  usually  greater  than  in  the  measurement  of  large  discharges. 

EXPERIMENTS  IN  EASTERN  FLORIDA 

These  experiments  were  made  on  the  main  channels  of  the  Fells- 
mere,  Vero,  and  Fort  Pierce  drainage  districts,  and  on  two  courses  of 
lateral  No.  2  of  the  Fort  Pierce  drainage  district.  The  topography  of 
the  watersheds  of  these  ditches  is  comparatively  flat. 
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Figure  13.— Graphs  for  experiments^  in  Florida,  showing  per  cent  variation 
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MAIN    CHANNEL   NEAR    FELLSMERE 


The  slope  course  on  this  channel  was  straight  and  was  2,000  feet 
long.  The  gaging  station  was  located  about  100  feet  below  the 
downstream  end  of  the  slope  course,  which  was  about  3  miles  north 
of  Fellsmere.  The  gagings  were  made  from  a  footbridge  about  10 
feet  upstream  from  the  county  highway  bridge  and  supported  by 
suspension  brackets  from  the  piling  of  that  bridge.  The  channel  in 
1916  and  1917  was  quite  uniform  in  cross  section,  there  being  only  one 
rather  abrupt  variation,  which  occurred  near  the  upper  end  of  the 
course.  (Figs.  13,  A  and  13,  B.)  The  bottom  of  the  channel  was 
broad  and  regular  and  quite  evenly  covered  with  sand.  The  side 
slopes  were  fairly  regular  and  practically  free  from  vegetation  in  the 
lower  part  of  the  channel,  but  rather  irregular  and  covered  with 
vegetation  in  the  upper  part.  (Fig.  12,  A  and  pi.  15,  A.)  By  1920  the 
course  had  become,  on  the  whole,  somewhat  more  irregular.    (Fig.  13,  C.) 

With  the  exception  of  measurement  10,  Table  6,  for  which  the 
highest  value  of  n  was  obtained,  the  measurements  were  made  for 
stages  almost  wholly  in  the  lower  and  better  part  of  the  channel. 
For  the  same  part  of  the  channel  the  values  of  n  obtained  during  1917 
were  somewhat  lower  than  those  obtained  during  1916.  This  might 
be  attributed  to  the  fact  that  the  cross  section  had  become  somewhat 
more  uniform  between  the  dates  of  the  two  sets  of  measurements,  as 
appears  from  the  graphs  shown  in  Figure  13.  The  measurements 
made  during  1920  are  comparable  with  those  for  the  lower  stages  made 
during  1916  and  1917.  The  values  of  n  are  somewhat  higher,  due  very 
likely  to  the  fact  that  the  channel  contained  more  vegetation  and  was 
more  irregular  than  at  the  time  of  the  earUer  measurements. 


MAIN    CHANNEL    NEAR    VERO 


Gagings  of  this  channel  were  made  from  a  suspension  footbridge 
near  Vero.  The  upper  end  of  the  slope  course,  which  was  1,000  feet 
long,  was  located  about  40  feet  downstream  from  the  gaging  station. 
The  bottom  was  sandy,  and  there  were  several  flat,  broad  sand  bars 
in  the  channel  during  low  water.  (PL  16,  A  and  ^g.  12,  D.)  There 
was  some  vegetation  in  the  channel,  which  can  be  seen  in  the  view 
just  referred  to.  The  cross-sectional  area  of  the  channel  was  quite 
uniform  except  for  the  lowest  measurements,  Nos.  16  and  17.  (Table 
6  and  figs.  13,  D;  13,  E  and  13,  F.)  The  side  slopes  for  the  three 
low-stage  measurements  made  during  1916  were  fairly  regular,  but 
for  the  three  highest  stage  measurements.  Nos.  19,  20,  and  24, 
made  at  about  half-bankful  stages,  the  slopes  were  quite  rough  and 
irregular  owing  to  the  fact  that  large  lumps  of  the  bank  had  sloughed  off. 

The  values  of  n  obtained  indicate  that  the  retardation  to  flow  was 
much  greater  in  the  upper  part  than  in  the  lower  part  of  the  channel, 
which  was  apparently  due  to  the  caving  of  the  banks  in  the  upper 
part  of  the  channel.  On  comparing  values  of  n  for  about  similar 
stages,  it  is  seen  that  the  values  obtained  during  1920  were  somewhat 
higher  than  those  obtained  during  1916  and  1917,  which  is  attributed 
to  the  fact  that  the  channel  contained  more  vegetation  and  was  a 
little  more  irregular  at  the  later  date. 
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PLATE    15. 
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A,  Main  dredged  channel  near  Fellsmere,  Fla.;  this  view,  adjoining  the  .slope  course  in  1917,  rep- 
resents fairly  well  the  condition  of  the  channel  along  that  course;  B,  main  (iredjred  channel  near 
Fort  Pierce.  Fla.,  slope  course,  1917;  C,  same  slope  course  as  B  above  in  iy20;  channel  enlarged 
by  redredging  in  1918.    (See  Table  6) 
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Plate  16. 
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A,  Main  dredgeil  ciiauuel  near  Vero,  Fla., 
Fort  Pierce,  Fla.,  slope  course  A,  1917; 
slope  course  B,  1917.    (See  Table  6) 


slope  course,  1917;  B,  lateral  dredged  channel  No.  2,  near 
C,  lateral  dredged  channel  No.  2  near  Fort  Pierce,  Fla., 
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MAIN    CHANNEL    NEAR   FORT   PIERCE 


Gagings  of  this  channel  were  made  from  a  suspension  footbridge 
located  about  3  miles  west  of  Fort  Pierce.  The  upper  end  of  the 
slope  course,  which  was  1,032  feet  long,  was  located  about  25  feet 
downstream  from  the  paging  station.  At  the  time  that  the  measure- 
ments were  made  dunng  1916  the  cross  section  of  the  channel  was 
fairly  uniform,  except  for  the  lowest  stage.  (PL  15,  B  and  figs.  12,  G 
and  13,  G).  The  side  slopes  were  rather  irregular.  The  soil  in  the 
bottom  of  the  channel  was  largely  clay,  and  on  the  side  slopes  a  very 
hard  clay.  There  were  some  water  weeds  in  the  bottom  of  the  chan- 
nel, and  a  growth  of  grass  and  lilies  near  the  water  edge  at  low  stage. 
As  would  be  expected,  a  high  value  of  n  was  obtained  (Table  6)  for 
the  lowest  stage,  due  to  the  vegetation  and  to  the  rough  condition 
and  abrupt  variations  in  cross  section.  The  other  values  were  also 
rather  liigh,  due  no  doubt  to  the  irregularities  and  vegetation  in  the 
channel. 

The  channel  was  cleaned  out  and  deepened  with  a  drag-Une  exca- 
vator after  the  1916  measurements  had  been  made.  After  this  work 
had  been  done,  values  of  n  were  again  determined  for  the  channel 
during  1917.  The  upstream  end  of  the  1917  course  was  located  160 
feet  farther  upstream  than  that  of  the  1916  course.  The  course  was 
straight  and  was  900  feet  long.  The  cross  section  of  the  channel  was 
fairly  uniform,  there  being  no  very  abrupt  variations  (fig.  13,  H), 
and  was  in  rather  good  condition  except  for  irregularities  in  the 
bottom  and  some  weeds  that  the  excavating  machine  did  not  remove. 
Comparing  the  values  of  n  obtained  during  1917  with  those  for  1916, 
it  is  seen  that  much  lower  values  were  obtained  after  the  channel  was 
cleaned  out  and  deepened. 

The  same  course  of  channel  was  used  during  1920  as  during  1917. 
It  was  redredged  in  1918,  and  was  both  deepened  and  widened. 
(Fig.  12,  I.)  A  dense  growth  of  lilies  and  other  vegetation  appeared 
in  this  channel  between  1918  and  1920,  which  accounts  for  the 
extremely  high  values  of  n  obtained,  since  measurements  were  made 
only  for  comparatively  low  stages  which  were  affected  by  this  growth. 
For  higher  stages  in  the  channel,  no  doubt  much  lower  values  of  n 
would  have  been  obtained.     (PI.  15,  C  and  fig.  13,  I.) 

LATERAL    DREDQED    CHANNEL    NO.    2,    NEAR    FORT    PIERCE 

Values  of  n  were  determined  for  two  courses  of  this  lateral  channel, 
course  A  being  in  good  condition  and  course  B  in  very  poor  condition. 
The  gagings  were  made  from  suspension  footbridges.  A  good  idea 
as  to  the  shape,  condition,  and  uniformity  of  these  channels  can  be 
obtained  from  Plates  16,  B  and  16,  C  and  Figures  12,  J;  12,  K;  13,  J; 
and  13,  K. 

Course  A  was  straight  and  was  503  feet  long;  it  was  located  at  a 
place  where  the  channel  passed  through  a  ridge  of  hard  clay.  The 
side  slopes  of  the  channel  were  probably  about  as  they  were  left  by 
the  excavating  machine  and  showed  no  evidence  of  erosion  or  slough- 
ing off.  As  may  be  seen  from  Plate  16,  B,  there  was  some  vegetation 
in  the  channel.  The  rather  high  values  of  n  obtained  for  this  channel 
were  probably  due  to  the  presence  of  vegetation  and  to  the  abrupt 
variations  in  cross  section. 
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FiQUBE  15.— Graphs  for  experiments  in  southeastern  Arkansas  showing  per  c"ent  variation  from 
average  cross-sectional  area  for  all  cross  sections  along  slope  courses 
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Course  B  was  straight  and  was  500  feet  in  length.  This  course 
was  located  in  one  of  the  so-called  sand  ponds.  The  soil  is  sandy  and 
easily  eroded.  The  banks  have  been  washed  in,  and  considerable 
material  had  been  deposited  in  the  channel.  The  cross  section  was 
very  broad  and  shallow  as  compared  with  that  for  course  A.  (Fig. 
12,  K.)  There  was  considerable  vegetation,  covering  the  entire 
perimeter  of  the  channel,  as  may  be  seen  by  referring  to  Plate  16,  C. 
The  values  of  n  obtained  are  very  high,  due  no  doubt  principally  to 
the  presence  of  vegetation. 

Unusual  care  was  exercised  in  making  the  slope  measurements 
and  gaugings  for  both  courses  of  channel.  The  slope  for  course  A 
was  very  small  and  required  precise  measurements  to  secure  reli- 
able results. 

DISCUSSION    OF    FLORIDA    EXPERIMENTS 

Owing  to  the  fact  that  the  slopes  for  channels  in  this  section  of  the 
country  are  quite  small,  the  velocities  are  necessarily  low.  As  a 
result,  the  channels  are  subject  to  silting  and  to  the  rapid  growth  of 
vegetation.  Unless  channels  in  this  section  are  to  be  carefully  main- 
tained, it  can  be  seen  from  the  results  of  the  experiments  as  given 
in  Table  6  that  a  comparatively  high  value  of  n  should  be  used  in 
their  design. 

EXPERIMENTS  IN  EASTERN  ARKANSAS 

Values  of  n  were  determined  for  the  following  dredged  ditches  in 
eastern  Arkansas:  Ditch  No.  43,  ditch  No.  18,  ditch  No.  19  near 
Winchester,  ditch  No.  19  near  Dumas  (all  in  the  Cypress  Creek 
Drainage  district),  and  the  Cummins  Lake  ditch  of  the  Cummins 
Lake  drainage  district.  The  topography  of  the  watersheds  of  these 
ditches  is  comparatively  flat.  Values  of  n  were  determined  also  for 
flow  through  standing  timber  in  St.  Francis  River  floodway,  in 
Poinsett  County.  This  floodway  carries  the  combined  flow  of  St. 
Francis  and  Little  Rivers.  The  drainage  area  of  this  waterway, 
although  mostly  flat,  reaches  into  the  hills  of  the  Ozark  border  in 
Missouri. 

DITCH   NO.    43 

Measurements  on  this  ditch  were  made  shortly  after  the  dredging 
of  the  ditch  was  finished.  The  discharge  was  measured  from  a  pile- 
trestle  highway  bridge  at  right  angles  to  the  channel.  The  slope 
measurements  were  made  on  a  straight  course  1,710  feet  long,  just 
north  of  the  highway  bridge  on  the  hard-surfaced  road  between 
McGehee  and  Arkansas  City. 

A  good  view  of  the  condition  of  the  channel  at  the  time  the  measure- 
ments were  made  is  shown  in  Plate  17,  A.  The  channel  was  in  about 
the  same  condition  as  the  dredge  had  left  it,  there  being  practically 
no  vegetation  in  the  channel.  The  bottom  and  side  slopes  were 
somewhat  irregular.  The  cross  section  of  the  channel  was  fairly 
uniform  at  high  and  intermediate  stages,  but  varied  considerably  for 
low  stages.     (Figs.  14,  A  and  15,  A.) 

With  the  exception  of  measurement  No.  5,  the  values  of  n  obtained 
for  this  ditch  are  close  to  0.030.  (Table  7.)  It  is  believed  that  the 
higher  value  obtained  for  measurement  No.  5  was  due  to  an  error  in 
the  measurement  of  the  slope  or  the  discharge. 
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DITCH    NO.  18 

Gagings  of  this  ditch  were  made  from  a  suspension  footbridge,  a 
view  of  which  is  shown  in  Plate  17,  C.  This  bridge  was  located  about 
300  feet  south  of  the  McGehee-Arkansas  City  highway  and  about  6 
miles  west  of  Arkansas  City.  The  slope  course  was  straight  and  810 
feet  long.  The  growth  in  the  ditch  was  cleared  out  for  some  distance 
above  and  below  the  gaging  station  so  as  to  insure  accurate  current- 
meter  measurements. 

This  ditch  was  dredged  in  June  1918,  and  the  growth  of  vegetation 
in  the  ditch  has  never  been  cleared  out.  The  view  in  Plate  17,  B, 
shows  that  there  were  fairly  large  trees  in  the  channel.  This  view 
represents  the  condition  along  the  slope  course  during  the  winter  and 
spring  months.  Plate  17,  C,  shows  the  trees  with  heavy  foliage  in 
the  channel  and  represents  the  condition  during  the  summer  and 
fall  months.     The  growth  in  the  channel  consisted  principally  of 

ST.  FRANCIS  RIVER 

near  Marked  Tree,  Ark 
Distance  along  Slope  Course  in  feet 
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Figure  15f.— Graph  for  experiment  on  the  St.  Francis  River  floodway  near  Marked  Tree,  Ark., 
showing  per  cent  variation  from  average  cross-sectional  area  for  all  cross  sections  along  slope 
course 

willow  and  cottonwood   trees.     (For  cross-section  of  channel  and 
variation  in  size,  see  figs  14,  B  and  15,  B.) 

It  will  be  noted  in  Table  7  that  much  higher  values  of  n  were 
obtained  during  the  summer  and  fall  when  the  trees  were  in  fuU 
foUage  than  during  the  winter  and  spring;  also  that  values  of  n  were 
determined  for  much  higher  stages  during  the  summer  and  fall 
months  than  during  the  winter  and  spring.  The  highest  values  of  n 
were  obtained  for  the  highest  stages  of  water,  which  is  attributed  to 
the  flow  encountering  more  foliage  and  branches  with  an  increase  in 
stage. 

Judging  from  the  values  of  n  obtained  for  ditch  No.  43,  the  capacity 
of  ditch  No.  18  for  the  condition  shown  in  Plate  17,  C,  is  only  about 
one-fourth  of  what  it  would  be  if  the  drain  were  kept  cleared. 
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Plate  17. 
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A.  DredKed  Uitch  No.  43  of  ('\iiit'.>s  ('n't'k  .iraiiia^'c  disirirl,  iumi  Ark m  :  «  ,i>.  Ark.,  looking  up 
slo|)e  course,  July,  192«);  H,  dredged  Ditch  No.  IH  of  Cypress  (reek  dniiiiime  district,  neiir  Arkansas 
City,  Ark.,  looking  down  sloi)e  course,  March,  li>25;  C,  same  sloi)e  course  ns  B,  above,  looking 
Jownstream,  showing  growth  and  heavy  foliage  in  June,  1926.     (See  Table  7) 
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Plate  18. 
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A,  Ditch  No.  19  of  Cypress  Creek  drainage  district,  near  Winchester,  Ark.,  looking  up  slope  course, 
July,  1926;  B,  Cummins  Lake  dredged  channel,  near  Gould,  Ark.,  looking  up  slope  course, 
March,  1926;  C,  same  view  as  B,  above,  showing  foliage  on  willows  in  June,  1926.    (See  Table  7) 
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DITCH    NO.    19   NEAR    WINCHESTER 


Gagings  of  this  ditch  were  made  from  a  pile-trestle  highway- 
bridge  about  2  miles  east  of  Winchester,  Ark.  The  gauging  section 
was  not  a  very  good  one,  and  the  discharge  measurements  are  not  as 
accurate  as  those  made  from  single-span  bridges  such  as  was  used  on 
ditch  No.  18.  The  slope  course  was  straight  and  1,600  feet  long.  The 
channel  was  pastured,  so  there  were  practically  no  weeds  or  long 
grass  on  the  slopes,  and  the  lower  foliage  was  eaten  off  of  the  trees 
by  stock.  As  can  be  seen  from  the  view  m  Plate  18,  A,  the  lower  part 
of  the  channel  is  quite  free  from  vegetation  of  any  sort.  Most  of 
the  left  bank  was  covered  with  trees  and  about  half  of  the  right 
bank.  There  was  also  a  small  island  about  25  feet  wide  and  150  feet 
long  covered  with  a  growth  of  willows  near  the  upper  end  of  the  slope 
course.  The  variation  in  size  of  the  cross  section  of  the  channel  was 
not  large.     (Figs.  14,  C  and  15,  C.) 

It  can  be  seen  from  Table  7  that  comparatively  low  values  of  n 
were  obtained  for  the  lower  part  of  the  channel.  The  value  of  n 
increased  when  the  water  reached  the  lower  part  of  the  trimks  of 
the  trees  on  the  banks  and  was  highest  when  the  water  reached  the 
foliage  and  branches. 


DITCH    NO.  19   NEAR   DUMAS 


A  single-span  steel  bridge  was  used  in  gaging  the  flow  in  this 
ditch  about  2  miles  east  of  Dumas,  Ark.  The  slope  course  was 
straight  and  1,700  feet  in  length.  The  channel  was  pastured  close 
and  contained  ver}^  httle  vegetation.  (PI.  21,  A.)  The  side  slopes 
and  bottom  of  the  lower  part  of  the  channel  were  quite  irregular, 
which  accounts  for  the  high  value  of  n  obtained  for  the  lowest  stages. 
There  was  also  considerable  variation  in  the  size  of  the  cross  section 
for  low  stages.  (Figs.  14,  D  and  15,  D.)  The  channel  was  fairly 
uniform  for  higher  stages,  \\dth  the  exception  of  one  short  stretch 
where  there  was  a  small  sand  bar  and  another  where  there  was  a 
narrow  ridge  in  the  center  of  the  channel.  It  will  be  seen  from  Table  7 
that  the  values  of  n  for  stages  ranging  from  medium  to  bankful  are 
fairly  consistent,  the  differences  being  due,  it  is  believed,  to  irregu- 
larities in  the  channel. 


CUMMINS   LAKE    DITCH 


Gagings  of  this  channel  were  made  from  a  single-span  wooden 
truss  bndge  about  4  miles  north  of  Gould,  Ark.  The  slope  was 
measured  on  a  straight  course  710  feet  long,  just  above  the  bridge. 
(See  figs.  14,  E  and  15,  E  for  average  cross  section  and  variation  in 
area.)  Two  views  of  the  channel  are  shown  in  Plate  18,  one  taken  in 
March,  1926,  and  the  other  about  three  months  later.  The  earUer 
view  shows  a  thick  growth  of  willows,  about  1  year  old  at  the  time, 
almost  completely  filling  the  ditch  outside  of  the  low-water  channel. 
The  lat-er  view  shows  the  wallows  in  full  leaf. 

Table  7  shows  that  the  values  of  n  were  appreciably  larger  when 
the  willows  were  in  full  leaf  than  before  the  foUage  appeared.  These 
results  clearly  show  what  effect  a  short-time  growth  of  willows  has 
upon  the  hydraulic  efficiency  of  a  drainage  ditch.  The  capacity  of 
tliis  ditch  when  first  dredged  was  about  50  per  cent  greater  than  for 
the  condition  shown  in  Plate  18,  B,  and  about  100  per  cent  greater 
than  for  the  condition  shown  in  Plate  18,  C. 
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ST.  FRANCIS    RIVER   FLOOD    WAY 

These  experiments  were  made  on  a  straight  course  of  the  flood  way 
8,000  feet  long,  about  4  miles  northwest  of  Marked  Tree,  Ark.  The 
flood  way  lies  between  parallel  levees  that  are  about  2,500  feet  apart. 
Along  the  flood  way  side  of  each  levee  is  an  open  channel  about  70 
feet  in  top  width  and  11  feet  in  depth.  (Fig.  16.)  To  eUminate  the 
effect  of  the  higher  velocities  in  the  channels,  computations  were 
made  for  only  2,000  feet  width  of  flow,  between  lines  about  250  feet 
from  either  levee. 

Between  the  open  channels  the  flood  way  is  covered  with  a  practi- 
cally virgin  growth  of  oak,  gum,  cypress,  cottonwood,  and  other  trees. 
Except  for  occasional  dense  patches  of  small  trees  and  bushes,  the 
course  was  almost  free  from  imdergrowth,  but  there  were  logs  and 
dead  fallen  trees  scattered  throughout  the  flood  way.  Four  typical 
views  are  shown  in  Plates  19  and  20.  The  bottom  of  the  course  was 
fairly  even  and  regular,  with  occasional  flat-bottom  sloughs;  but 
there  was  considerable  variation  in  average  depth  and  cross-sectional 
area,  as  determined  by  cross  sections  measured  at  1,000-foot  intervals. 
(Fig.  15,_F.) 

The  discharge  measurements  were  made  from  the  Chapman  & 
Dewey  Lumber  Co.'s  railroad  trestle,  midway  betv^een  the  ends  of 
the  course.  It  was  thought  this  would  determine  the  average  flow 
through  the  course  more  nearly  than  gagings  at  any  other  single 
cross  section,  for  there  was  some  flow  back  and  forth  between  the 
timbered  area  and  the  open  channels.  The  velocity  of  the  water 
was  measured  by  current  meter,  at  50-foot  intervals  across  the 
flood  way.  For  7  of  the  15  gagings  in  1927,  the  mea,surements  were 
made  at  top,  middle,  and  bottom  depths  (Nos.  51,  55,  58,  and  62  to 
65  in  Table  7);  for  6  gagings,  at  the  surface  only  (Nos.  52,  53,  57, 
59,  60  and  61);  and  for  2  gagings,  a  combination  of  the  surface  and 
the  three-point  measurements  was  used  (Nos.  54  and  56).  The 
coefficients  used  for  computing  mean  velocity  from  surface  velocity 
in  each  vertical  were  obtained  from  the  three-point  gagings.  The 
values  of  n  obtained  from  three-point  gagings  and  from  the  combi- 
nation of  three-point  and  surface  gagings  are  more  dependable  than 
those  from  surface  gagings  only  (indicated  by  footnote  in  Table  7). 
All  the  gagings  in  1928  were  made  by  the  three-point  method.  The 
slope  of  the  water  surface  was  determined  from  careful  measurements 
on  the  east  side  of  the  flood  way. 

The  values  from  the  more  dependable  gagings  in  1927  show  a 
continuous  increase  with  depth  of  flow,  from  0.095  to  0.152;  the 
values  from  surface  gagings  are  somewhat  lower,  but  flkewise  show 
a  continuous  iacrease  of  n  with  depth  of  flow.  Tiiis  variation  in  the 
value  of  n  is  attributed  to  the  greater  number  of  the  branches  of 
trees  encountered  by  the  flow  at  the  higher  stages.  The  measure- 
ments in  1928  were  made  in  the  summer  when  the  timber  in  the 
flood  way  was  in  full  leaf,  whereas  the  earlier  measurements  were 
made  under  winter  conditions.  The  depths  ranged  from  0.6  foot 
below  to  0.9  foot  above  the  maximum  for  the  1927  measurements. 
The  values  obtained  for  n  range  from  0.129  to  0.152,  increasing  with 
the  depth  of  flow  as  was  found  for  the  winter  measurements.  For 
similar  depths,  however,  the  values  obtained  in  1928  are  slightly 
lower  than  those  obtained  in  1927. 

When  the  water  subsided  after  the  1928  measurements,  an  exami- 
nation showed  that  there  was  very  little  foHage  below  the  point  of 
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Plate  19. 


M.   I  raiicis  Kiver  !t i\v:iy,  near  Marked  Tree,  Ark.,  1927.     A,  looking  into  slope  course  from 

east  levee.  2.0(X)  feet  from  ui)|)er  end;  H,  lookini;  ui)stream  from  gaging  station,  at  mid  length  of 
course,  cOO  feet  from  e.ist  levee.    (See  Table  7) 
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Plate  20. 


St.  Francis  River  floodway,  near  Marked  Tree,  Ark.,  1927.  A,  Looking  into  slope  course  from 
west  levee,  2,000  feet  from  lower  end;  B,  looking  upstream  from  gaging  station,  at  mid  length  of 
course,  700  feet  from  west  levee.    (See  Table  7) 
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maxiinum  depth  of  flow  during  the  measurements,  owing  to  the 
dense  shade  afforded  by  the  trees.  Therefore  no  appreciable  dif- 
Torence  in  the  values  of  n  obtained  for  the  winter  and  summer 
measurements  would  be  expected.  The  difference  between  the  values 
>i,iven  for  n  by  the  two  sets  of  gagings  probably  is  due  to  a  difference 
ill  making  the  measurements  of  bottom  velocity.  The  1927  deter- 
minations showed  the  bottom  velocities  to  be  remarkably  low  as 
compared  with  the  velocities  at  mid-depth,  due  to  considerable 
vegetation  on  the  bottom  of  the  flood  way  at  and  above  the  gaging 
station.  The  same  condition  existed  in  1928,  but  an  appreciabler 
increase  in  velocity  was  shown  when  the  meter  was  raised  but  slightly 
above  the  bottom.  In  the  later  set  of  measurements,  the  meter  was 
thus  raised  because  it  was  believed  that  the  velocities  obtained  were 
more  representative. 

It  appears  that  the  value  of  n  for  high  stages  could  be  reduced 
appreciably  by  cutting  oft'  the  tree  branches  that  are  submerged  by 
the  deepest  water.  A  further  reduction  in  n  could  be  made  by  clear- 
ing the  undergrowth,  logs,  and  fallen  trees  from  the  flood  way.  If 
n  were  reduced  to  0.046,  as  found  for  the  higher  stages  in  the  cleared 
coui'se  of  the  main  diversion  flood  way  in  Little  River  drainage 
district,  Missouri  (Table  8),  by  clearing  off  the  timber,  undergrowth, 
and  debris,  it  appears  that  the  capacity  of  St.  Francis  River  flood 
way  could  be  nearly  tripled. 

DISCUSSION    OF    ARKANSAS    EXPERIMENTS 

The  results  of  the  experiments  conducted  on  ditch  No.  18  and  the 
Cummins  Lake  ditch  indicate  clearly  the  efl'ect  of  growth  of  vegetation 
upon  the  hydraulic  efficiency  of  a  drainage  ditch,  both  long-time 
growth  as  for  ditch  No.  18,  and  short- time  growth  as  for  the  Cummins 
Lake  ditch.  These  results  emphasize  the  importance  and  necessity 
of  systematically  maintaining  ditches  in  this  locality. 

The  values  of  n  obtained  for  ditch  No.  43  show  what  can  be  ex- 
pected when  ditches  are  kept  in  good  condition.  Annual  clearing 
is  required  to  keep  a  ditch  in  fairly  good  condition  in  this  locaUty, 
and  even  then  considerable  vegetation  will  appear  in  the  ditch  during 
the  summer  months.  It  is  therefore  believed  not  advisable  to  use  a 
value  of  n  lower  than  0.035  in  planning  ditches  in  this  section  of 
Arkansas,  and  in  areas  with  similar  characteristics  in  other  States. 
Where  systematic  maintenance  is  not  intended,  much  larger  values 
of  n  should  be  used. 

The  values  of  n  found  for  St.  Francis  River  flood  way  are  about 
one- third  greater  than  those  determined  about  five  years  earlier  for 
the  uncleared  course  of  flood  way  in  Little  River  drainage  district. 
(Table  8.)  Physical  conditions  on  the  former  course  appear  fairly 
typical  for  virgin  timber  on  the  bottom  lands  in  this  section  of  the 
Mississippi  Valley^,  but  many  more  experiments  are  necessary,  on 
other  courses,  to  mdicate  average  values  or  a  range  of  values  of  n  for 
such  lands. 

EXPERIMENTS  IN  SOUTHEASTERN  MISSOURI 

These  experiments  were  conducted  on  the  following  channels  in 
the  Little  River  drainage  district:  Main  diversion  flood  way,  exca- 
vated channel  in  main  diversion  flood  way,  ditch  No.  1,  and  Sals 
Creek  rock  channel.  The  topogi-aphy  of  the  watershed  of  ditch  No.  1 
is  comparatively  flat,  while  for  the  other  channels  it  is  quite  hilly. 
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MAIN    DIVERSION    FLOOD    WAY 

Discharge  and  slope  measurements  were  made  on  a  cleared  course 
and  on  an  uncleared  course  in  a  straight  stretch  of  the  flood  way  near 
Nash,  Mo.  The  length  of  each  course  was  3,000  feet.  The  flood  way 
lies  between  levees  that  are  about  1,100  feet  apart.  Along  the  flood- 
way  side  of  the  south  levee  is  a  large  excavated  channel.  To  elimi- 
nate the  effect  of  the  higher  velocities  in  this  channel,  the  values  of 
n  were  computed  for  a  width  of  about  825  feet,  bounded  by  the  north 
levee  and  a  line  approximately  30  feet  outside  the  channel.  A  view 
of  the  cleared  course  of  the  flood  way  is  shown  in  Plate  22,  A.  The 
clearing  of  this  course  was  completed  about  one  month  before  the 
measurements  were  made.  Everything  was  cleared  from  the  flood 
way  except  the  stumps  and,  in  places,  a  growth  of  dry  slough  grass 
which  did  not  exceed  3  or  4  inches  in  height.  The  stumps  ranged  in 
height  from  IJ^  to  2  feet,  the  average  being  about  1.6  feet,  and  ranged 
in  diameter  from  6  inches  to  4  feet.     The  average  number  of  stumps 

^h  West   Levee  ^l""  .,^'' 


C/yannef  j 


ill 


T/MBERED  <o\^  Flood  WAY 


I  ^!? 


Ill 


' Channe/ |_ 


'  East  Levee  '  ' 

Figure  16.— Slope  course  St.  Francis  River  flood  way  near  Marked  Tree,  Ark. 

per  acre  was  about  117,  and  the  6-inch  to  18-inch  stumps  constituted 
about  88  per  cent  of  the  total  number. 

The  condition  of  the  uncleared  course  is  shown  by  two  views  in 
Plate  22.  This  portion  of  the  flood  way  had  been  cleared  about  three 
or  four  years  before  the  views  were  taken,  and  the  growth  shown 
consisted  principally  of  willows  and  sprouts  from  the  stumps.  There 
was  very  little  undergrowth  such  as  vines  and  weeds,  and  the  con- 
dition as  regards  grass  and  stumps  was  similar  to  that  of  the  cleared 
portion  of  the  flood  w^ay.  There  were  a  few  logs  and  some  drift  along 
the  course.  (See  figs.  17,  A;  17,  B;  18,  A;  and  18,  B,  for  average  cross 
section  and  variation  of  cross  sections  along  the  slope  courses.) 

Current  meter  measurements  were  made  at  40-foot  intervals  across 
the  flood  way.  They  were  made  from  a  boat  attached  to  a  cable 
wire  stretched  across  the  flood  way  midway  the  length  of  each  slope 
bourse.  As  extreme  care  was  exercised  in  making  all  the  measure- 
ments for  determining  the  values  of  ?i,  it  is  believed  that  the  results 
are  quite  accurate.  Table  8  gives  the  results  of  the  experiments. 
The  average  value  of  n  was  found  to  be  0.046  for  the  cleared  course 
and  0.076  for  the  uncleared  course,  for  depths  of  water  ranging  from 
4.4  to  5.5  feet.  The  great  difference  in  the  values  of  n  obtained  for 
the  cleared  and  the  uncleared  courses  emphasizes  the  importance  of 
systematic  maintenance  for  flood  ways  to  prevent  marked  reductions 
in  their  capacities. 
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PLATE   21, 


^^t. 

TP^ 

\     ■         1 

i^m 

leig 

^^^^^^^^^^ 

BF           *    ^^^^^ 

.1,3 

^^^^B^' 

^^^^H 

p 

■.\M 

t 

A     '*      . 

^5 

A,  Ditch  No.  19  of  Cypress  Creek  (irainaye  district,  iieir  Duniiis,  Ark.,  looking  up  sloi)e  course, 
March,  192<')  (see  Table  7);  II,  Ditch  No.  1  of  Little  Kiver  drainage  district,  ne<ir  ChalTee,  Mo., 
looking  down  slope  course,  .\prii,  1923  (see  Table  8);  C,  sjime  view  as  B,  above,  in  December,  1925. 
Ditch  was  cleared  in  late  summer  of  1923  (see  Table  8) 
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PLATE  22. 
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Main  diversion  floodway  of  Little  River  drainage  district  near  Nash,  Mo.  A,  Looking  across- 
cleared  slope  course,  March,  1922;  B,  looking  across  uncleared  slope  course,  November,  1922;  C, 
another  view  of  the  uncleared  course,  November,  1922.    (See  Table  8) 
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For  a  more  detailed  description  of  these  experiments,  the  reader 
is  referred  to  a  report  on  The  Flow  of  Water  in  the  Main  Diver- 
sion Flood  way  of  the  Little  River  Drainage  District  in  Southeast 
Missouri.* 

EXCAVATED    CHANNEL    IN    MAIN    DIVERSION    FLOOD   WAT 

Gagings  of  this  channel  were  made  from  a  cable  and  car  gaging 
station  near  Nash,  Mo.  This  channel  is  located  along  the  south  side 
of  the  flood  way.  (Fig.  17,  A.)  The  course  used  for  slope  measure- 
ments was  straight  and  3,000  feet  long.  The  average  maximum  depth 
of  the  channel  was  20.5  feet,  and  the  top  width  about  145  feet.  (Fig. 
1 7,  C. )  For  the  measurements  shown  in  Table  8,  the  depth  of  flow  over 
the  banks  ranged  from  2  to  5j^  feet.  The  wetted  perimeter  for  all 
of  the  measurements  was  taken  the  same  as  the  wetted  perimeter  for 
the  channel  at  bank-full  stage.  The  left  bank  of  the  channel  for  the 
full  length  and  the  right  bank  along  the  upper  half  of  the  slope  course 
were  very  irregular.  The  right  bank  was  paved  with  rock  along  the 
lower  half  of  the  course.  (PI.  23,  A.)  There  was  practically  no 
vegetation  in  the  channel.  Variations  in  the  size  of  the  cross  section 
were  small.     (Fig.  18,  C.) 

The  values  of  n  obtained  for  this  channel  range  from  0.033  to  0.037, 
wliich  are  rather  high  for  a  channel  free  from  vegetation.  It  is  be- 
lieved that  the  great  irregularities  in  the  side  slopes  and  bottom,  due 
to  erosion  and  caving  banks,  account  for  the  high  values  obtained. 

DITCH   NO.  1 

Gagings  of  this  ditch  were  made  from  a  single-span  private  wagon 
bridge  about  one-half  mile  northwest  of  Chaffee,  Mo.  The  slope 
course  was  straight  and  800  feet  in  length.  Values  of  n  were  obtained 
for  two  different  conditions  of  channel,  views  of  which  are  shown  in 
Plate  21.  Values  were  obtained  for  stages  ranging  from  low  to  bank- 
ful  before  the  growth  of  willows  in  the  channel,  and  for  two  high 
stages  after  the  growth  of  willows  was  about  2  years  old.  (For  aver- 
age cross  section  and  variation  in  size,  see- figs.  17,  D  and  18,  D.) 

It  will  be  seen  from  Table  8  that  the  values  of  n  for  the  cleared  and 
the  uncleared  conditions  of  channel  were  about  0.030  and  0.070, 
respectively.  The  channel  carried  75  per  cent  more  water  when 
cleared  than  when  uncleared  (at  depths  of  6.4  to  7.6  feet),  although 
the  surface  slope  was  little  more  than  half  (55  per  cent)  as  great. 
Computations  based  on  the  values  of  n  show  the  capacity  to  have  been 
2.3  times  as  great  when  the  channel  was  cleared  as  when  obstructed 
with  the  wiUows. 

It  will  also  be  seen  from  Table  8  that  the  values  of  n  for  the  cleared, 
channel  increase  with  an  increase  in  depth  of  flow,  from  low  to  nearly 
bankful  stage.  The  higher  part  of  the  side  slopes  was  quite  irregular 
as  compared  with  the  lower  part,  which  accounts  for  the  higher 
values  of  n. 

SALS  CREEK  ROCK  CHANNEL 

Discharge  measurements  on  this  channel  were  made  from  a  log 
footbridge  about  1  mile  west  of  Ancell,  Mo.  This  channel  was 
originally  excavated  by  blasting,  but  its  capacity  was  found  to  be 

<  Ramser,  C.  E.,  and  Bartz,  H.  J.    the  flow  or  water  in  the  main  diversion  floodway  of  the 

LITTLE  KIVER  DRAINAGE  DISTRICT  IN  SOUTHEAST  MISSOURI.      14  p.,  lUuS.      (Washington,  D.  C]      1924.      (U.S. 

Dept.  Agr.,  Bur.  Pub.  Roads.)    [Mimeographed. ] 
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inadequate,  so  it  was  later  enlarged  by  hand  labor.  (Figs.  17  E  and 
18,  F.)  The  slope  was  measured  along  a  straight  course,  161  feet  in 
length  before  the  channel  was  enlarged  and  250  feet  in  length  after 
the  improvement  was  made.  The  sides  of  the  original  channel  were 
very  rough,  consisting  of  the  jagged  ends  of  rocks  shattered  by  the 
explosives.  The  sides  of  the  enlarged  channel  were  comparatively 
smooth.  (PI.  23.)  The  bottom  of  the  channel  was  quite  even  and 
regular.  The  original  channel  increased  in  cross  section  rather 
gradually  from  the  upper  to  the  lower  end  of  the  slope  course,  while 
in  the  enlarged  channel  there  were  very  abrupt  variations.  (Figs. 
18,  E  and  18,  F.)  Some  of  the  irregularities  in  the  enlarged  channel 
were  due  to  caving  in  of  the  rather  loose  rock  after  being  saturated 
by  a  high  stage  of  water. 

Table  8  shows  somewhat  larger  values  of  n  for  the  original  than 
for  the  enlarged  channel.  It  is  believed  that  this  difference  would 
have  been  greater  if  the  variations  in  cross-sectional  area  had  not 
been  larger  and  more  abrupt  in  the  enlarged  channel  than  in  the 
original.  The  lower  values  of  n  obtained  for  the  three  lowest  stages 
were  likely  due  to  the  comparatively  smooth  and  even  condition  of 
the  channel  bottom. 

DISCUSSION    OP   MISSOURI    EXPERIMENTS 

The  flood  way  experiments  are  the  first,  to  the  author's  knowledge, 
that  ever  have  been  made  on  both  cleared  and  uncleared  sections  of  a 
large  flood  way  so  that  a  direct  comparison  could  be  made.  The 
results  should  be  of  considerable  value  in  the  design  of  flood  ways 
where  conditions  are  expected  to  be  similar,  and,  with  the  results  of 
the  later  experiments  on  St.  Francis  River  flood  way  (Table  7),  as 
a  general  guide  in  the  design  of  most  flood  ways.  However,  it  is 
fully  realized  that  further  investigations  are  much  needed  to  fur- 
nish engineers  with  more  complete  data  relative  to  flow  in  such  water- 
ways and  the  effect  of  removing  the  trees  and  brush. 

It  is  believed  that  the  results  obtained  for  ditch  No.  1  are  representa- 
tive of  small  ditches  in  the  flat  lands  of  southeastern  Missouri.  The 
results  show  that  where  the  growth  of  vegetation  is  rapid  and  the 
ditch  is  dry  for  long  periods  in  the  summer,  annual  clearing  is  neces- 
sary to  keep  the  ditch  in  fairly  good  condition.  Even  where  annual 
clearing  is  to  be  employed,  it  is  not  believed  advisable  to  use  a  value 
of  n  less  than  0.035  in  design. 

Although  the  large  excavated  channel  in  the  flood  way  is  self-main- 
taining to  the  extent  of  preventing  growth  of  vegetation,  its  side 
slopes  are  extremely  irregular  due  to  rapid  erosion  and  caving  of 
banks.  It  is  not  believed  that  a  value  of  n  of  less  than  0.035  should 
be  used  in  the  design  of  a  channel  subject  to  such  high  velocities  as 
are  likely  to  cause  great  irregularities  in  the  side  slopes. 

The  results  obtained  for  the  two  conditions  of  the  Sals  Creek  rock 
channel  are  of  value  for  use  in  the  design  of  similar  channels  in  any 
section  of  the  country. 
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Plate  23. 


A,  E-xaivated  channel  in  main  diversion  floodway  of  Little  Kiver  drainage  distriit,  near  N;u>h, 
Mo.,  looking  down  sloi)e  course.  November,  1922;  H.  Sals  Creek  rock  ciiannel  of  Little  Kiver 
drainage  district,  near  .\ncell.  Mo.,  channel  excjivated  by  explosives,  looking'  down  sloi)e  course, 
July,  1922;  (',  sjime  view  as  H,  above,  in  March.  192-1,  channel  had  been  enlarged  and  smoothed 
by  hand  labor,  since  the  earlier  view.    (See  Table  8) 
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EXPERIMENTS  IN  CENTRAL  ILUNOIS 

The  experiments  in  central  Illinois  were  made  on  the  following 
streams:  Embarrass  River,  Lake  Fork  special  ditch,  West  Branch  of 
Salt  Fork,  East  Lake  Fork,  Kaskaskia  mutual  ditch,  Kaskaskia  River, 
Two  Mile  Slough,  Camp  Creek,  lateral  ditch  No.  15,  Fountain  Head, 
Stewart  Branch,  and  St.  Joseph  Township  ditch  No.  4.  The  topog- 
raphy of  the  watersheds  of  these  ditches  is  generally  rather  flat,  but 
somewhat  rolling  in  places. 

EMBARRASS    RIVER 

Discharge  measurements  were  made  from  a  gaging  station  estab- 
lished on  the  North  Ash  more  steel  highway  bridge  about  4}^  miles 
northeast  of  Charleston,  111.  This  bridge  has  a  clear  central  span  of 
180  feet,  which  allows  most  of  the  water  to  flow  between  the  round 
steel  piers  at  either  end  of  the  span.  The  accuracy  of  the  measure- 
ments is  affected  somewhat  by  the  nearly  stationary  water  at  high 
stages  between  the  piers  and  the  banks  of  the  stream.  The  slope 
was  measured  on  a  straight  course  1,000  feet  long  below  the  bridge. 

A  view  of  this  natural  river  channel  taken  in  November,  1926,  is 
shown  in  Plate  24,  A.  The  bottom  and  lower  side  slopes  were  in 
very  good  condition  at  the  time  of  making  the  measurements  given 
in  Table  9.  The  upper  side  slopes  are  covered  with  trees  varying  from 
6  to  30  inches  in  diameter.  At  extremely  high  stages,  Umestone 
outcroppings  are  encountered  on  both  banks.  There  were  no  very 
large  variations  in  the  size  of  the  channel  (fig.  20,  A) ;  an  average  cross 
section  is  shown  in  Figure  19,  A. 

Table  9  shows  not  much  variation  in  the  values  of  n  except  for  the 
highest  stage.  This  liigher  value  is  attributed  to  the  greater  amount 
of  branches  and  foliage  encountered  at  this  stage.  It  is  believed  that 
if  there  were  no  growth  on  the  banks,  the  value  of  n  for  this  straight 
course  of  the  Embarrass  River  would  be  about  0.025. 

LAKE    FORK    SPECIAL    DITCH 

Gagings  of  this  ditch  were  made  from  a  single-span  steel  private 
bridge  about  3  miles  east  of  Bement,  111.  The  slope  course  was 
straight,  the  upper  end  being  about  300  feet  below  the  bridge  and  just 
below  the  outlet  of  a  large  tile  drain.  Conditions  were  favorable  for 
accurate  slope  and  discharge  measurements. 

Numerous  measurements  were  made  on  this  channel  under  widely 
varying  conditions  during  1924,  1925,  and  1926  .  (See  measurements 
8  to  31  in  Table  9.)  When  the  first  measurements  were  made,  the 
sides  of  the  channel  were  covered  with  a  very  dense  growth  of  bushy 
willows  and  some  poplar  sprouts.  (Pis.  25,  A,  and  25,  B.)  The 
channel  was  cleared  out  during  the  fall  of  1925  (pi.  25,  C),  but  by  the 
fall  of  1926  the  growth  in  the  channel  was  about  the  same  as  in  1924. 
The  willows  on  the  right  bank  did  not  cover  the  slope  quite  so  thor- 
oughly as  in  1924,  but  they  had  been  replaced  in  part  by  large  stalky 
weeds  which  apparently  offered  about  the  same  resistance  to  flow. 
Except  for  a  silt  bar  about  midway  the  length  of  the  course,  the  bottom 
was  in  fairly  good  condition.  Variations  in  the  size  of  the  cross 
section  along  the  slope  course  were  small,  expecially  for  medium  to 
high  stages.  (Fig.  20,  B.)  The  average  cross  section  is  shown  in 
Figure  19,  B. 
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Plate  24. 
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A,  Embarrass  River,  neiir  Charleston,  III.,  looking  up  slope  course,  November,  1926;  B,  West 
Branch  of  Salt  Fork  dredge<l  channel,  near  Urbana,  I'l.,  looking  up  cleared  slope  course,  July, 
1924;  C,  West  Branch  of  Salt  Fork  dredged  channel,  near  Urbana,  111.,  looking  down  uncleared 
slope  course,  April,  1925.    (See  Table  9) 
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Plate  25. 


Lake  Fork  special  dredged  channel,  near  Bement,  111.  A,  Looking  up  slope  course,  April,  1925, 
vegetation  without  foliage;  B,  same  view  as  A,  above,  in  July,  1924,  vegetation  with  summer 
foliage;  C,  same  view  as  A,  above,  in  November,  1925;  channel  had  been  cleared  but  a  short 
time  previously.    (See  Table  9) 
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FiQUBE  20.— Graphs  for  experiments  in  central  Illinois  showin  g  per  cent  variation 
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The  measurements  on  this  channel  are  grouped  under  three  heads: 
(1)  Winter  and  spring  conditions  for  uncleared  channel,  (2)  summer 
and  fall  conditions  for  uncleared  channel,  and  (3)  winter  and  spring 
conditions  for  cleared  channel.  Measurements  12,  13,  and  16,  made 
in  June,  1924,  are  placed  with  winter  and  spring  conditions  because 
the  water  remained  so  high  during  the  early  part  of  that  year  that 
complete  leafing  out  of  the  willows  did  not  occur  before  these  measure- 
ments were  made.  Measurements  19  and  20,  made  in  October,  1926, 
are  placed  in  this  group  because  they  were  made  after  a  protracted 
period  of  high  water  in  September  which  stood  over  the  willows  until 
the  leaves  decayed  and  fell  off;  conditions  then  were  similar  to  what 
would  be  found  during  the  winter  season. 

Comparison  of  the  values  obtained  under  summer  and  fall  condi- 
tions with  those  under  winter  and  spring  conditions,  for  similar  stages 
in  the  uncleared  chamiel,  shows  that  foliage  in  the  summer  and  fall 
greatly  increases  the  roughness  coefficient  n.  Comparison  of  the 
discharges,  or  of  the  values  of  the  Chezy  coefficient  C,  for  similar  stages 
shows  to  what  extent  the  discharge  capacity  of  a  channel  may  be 
reduced  by  fohage.  Comparison  of  the  values  of  n,  or  of  the  dis- 
charges for  the  cleared  and  the  uncleared  channel,  shows  also  that  a 
large  increase  in  capacity  can  be  obtained  by  simply  clearing  the 
channel.  The  cost  of  clearing  out  this  channel  was  insignificant  as 
compared  with  the  crop  losses  sustained  by  the  farmers  because  of 
the  tardy  removal  of  the  excess  water  after  every  heavy  rain. 

WEST    BRANCH    OF    SALT    FORK 

Gagings  were  made  from  the  North  Broadway  Street  Bridge  in 
Urbana,  111.  The  slope  was  measured  on  a  straight  cleared  course  480 
feet  long  above  the  bridge,  and  on  a  straight  uncleared  course  550 
feet  long  below  the  bridge.  The  section  was  fairly  good  for  accurate 
discharge  measurements,  but  at  times  the  accuracy  was  affected  to 
some  extent  by  floating  debris  which  interfered  with  current  meter 
operations. 

A  view  of  the  cleared  course  is  shown  in  Plate  24,  B.  The  average 
cross  section  is  shown  in  Figure  19,  C.  There  were  no  large  variations 
in  size  along  this  course  for  medium  to  liigh  stages.  (Fig.  20,  C.) 
In  Table  9,  measurements  32  to  49,  it  is  seen  that  the  values  of  n 
obtained  for  summer  and  fall  conditions  are  somewhat  larger  than 
those  for  winter  and  spring  conditions.  This  difference  is  due  prin- 
cipally to  the  growth  of  grass  in  the  channel  during  the  earlj^  summer. 
The  comparatively  low  value  of  n  obtained  in  measurement  45  made 
in  August,  1924,  can  be  explained  by  the  fact  that  the  water  had 
remained  fairly  high  during  the  early  part  of  that  summer  and  pre- 
vented as  luxuriant  a  growth  of  grass  as  developed  in  1925  and  1926. 

A  view  of  the  uncleared  course  is  shown  in  Plate  24,  C.  The 
average  cross  section  and  the  variation  in  cross  section  are  shown  in 
Figures  19,  D  and  20,  D.  Seasonal  changes  do  not  seem  to  have  had 
any  decided  effect  on  this  course.  (See  measurements  50  to  67  in 
Table  9.)  Probably  this  is  because  the  larger  growth  shaded  the 
channel  so  that  there  was  not  much  grass  and  weeds  in  the  lower  part 
or  on  the  side  slopes,  while  most  of  the  foliage  on  the  trees  was  above 
the  water  for  most  stages.  At  the  highest  stage,  the  flow  encountered 
a  greater  amount  of  branches,  which  doubtless  caused  the  compara- 
tively high  value  then  obtained  for  n.     The  condition  of  the  channel 
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varied  somewhat  from  time  to  time,  which  is  believed  to  account  for  the 
small  differences  in  values  of  n  obtained  for  nearly  similar  staj^es.  For 
instance,  measurement  53  was  made  after  an  extended  period  of  high 
water  and  the  comparatively  low  value  of  n  was  probably  due  to  the 
washing  away  of  leaves  from  the  small  willows  and  the  flushing  out  of 
many  obstructions  wliich  a  lesser  flood  would  not  have  dislodged. 

EAST    LAKE    FORK 

Gagings  of  tliis  channel  were  made  during  the  years  1925  and  1920. 
The  highway  bridge  near  the  east  limits  of  the  town  of  Ivesdale  was 
used  as  a  gaging  station.  Only  fairly  accurate  measurements  of 
discharge  were  obtained,  as  there  was  some  still  water  on  both  sides 
of  the  gaging  section.  The  lower  end  of  the  slope  course  was  located 
about  400  feet  above  the  gaging  station  in  order  to  avoid  an  unde- 
sirable curs^e  in  the  channel.  The  course  was  straight,  800  feet  in 
length.  There  was  a  rather  gradual  increase  in  cross  sectional  area 
from  the  lower  to  the  upper  end.  (Fig.  20,  E.)  An  average  of  the 
measured  cross  sections  is  shown  in  Figure  19,  E. 

The  condition  of  this  channel  when  the  measurements  were  made 
in  March,  1925  (Nos.  68  to  71  in  Table  9),  is  showTi  in  Plate  26,  A. 
The  channel  had  been  cleared  during  the  winter  of  1924-25,  and  no 
new  growth  had  started.  As  can  be  seen  in  the  view,  there  were  dead 
weeds  and  stubble  on  the  side  slopes.  During  the  following  summer, 
a  new  growth  of  willows  and  box  elders  sprang  up  in  the  channel. 
Measurements  were  made  after  the  leaves  had  fallen  off  the  first 
season's  growth,  and  a  decided  increase  in  the  value  of  n  was  obtained. 
(Nos.  72  to  74  in  Table  9.)  Measurements  were  made  also  after  two 
summers'  growth  and  before  the  leaves  had  fallen  off.  (Nos.  75  to  78 
in  Table  9.)  These  showed  still  higher  values  of  n  than  the  second 
group  of  measurements,  due  to  the  dense  foliage  on  the  vegetation. 
(See  Plate  26,  B,  for  view  of  channel  in  July,  1927.)  On  comparing 
measurements  70  and  75,  made  for  the  same  stage  of  water,  it  is  seen 
that  the  discharge  was  reduced  from  152  second-feet  in  the  newly 
cleared  channel  to  64  second-feet  only  18  months  later,  although  the 
slope  was  a  third  greater. 

KASKASKIA    MUTUAL    DITCH 

Measurements  were  made  on  this  ditch  during  the  years  1924,  1925, 
and  1926.  The  discharge  was  measured  at  the  Illinois  Traction  Sys- 
tem bridge  about  1  mile  east  of  Bondville,  111.,  where  there  was  a 
very  good  gaging  section.  The  slope  was  measured  on  two  fairly 
straight  courses,  each  330  feet  long,  just  below  the  bridge.  There  was 
very  little  variation  in  the  cross-sectional  areas  for  medium  and 
high  stages  along  either  course.  (Figs.  20,  F  and  20,  G.)  An  average 
cross  section  of  the  two  courses  in  shown  in  Figure  19,  F. 

Plate  27  shows  two  views  of  the  lower  course,  one  taken  when  there 
was  no  foUage  on  the  trees  and  the  other  when  the  trees  were  in  full 
leaf.  The  trees  consist  of  willow,  box  elder,  and  poplar.  Their  dense 
foliage  shaded  the  channel  so  that  there  was  very  little  undergrowth 
such  as  weeds  and  grass,  except  on  the  right  bank  for  distances  aggre- 
gating about  one-half  the  length  of  the  slope  course.  In  these  inter- 
vals there  were  large  stalky  weeds,  together  with  a  few  bushy  willows. 
The  bottom  for  about  three-fourths  the  length  of  the  course  was 
covered  during  the  summer  months  with  a  water  weed  resembling  the 
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ordinary  smartweed.  (PI.  27,  B.)  The  growth  in  this  channel  had 
not  been  cleared  out  since  about  1910. 

There  are  no  measurements  for  making  really  satisfactory  com- 
parison of  winter  and  spring  conditions  with  summer  and  fall  con- 
ditions, owing  to  the  differences  in  stages  of  water.  Numbers  81  and 
85  (Table  9)  give  almost  the  same  value  for  n.  Perhaps  the  increase 
in  sprouts  and  branches  during  the  intervening  18  months  just  com- 
pensated, in  this  instance,  for  the  lack  of  foliage  at  the  later  measure- 
ment. Little  foliage  was  encountered  by  the  water  at  low  stages, 
owing  to  the  dense  shade  and  to  pasturing,  and  only  a  moderate 
amount  at  medium  stages,  which  accounts  for  the  fairly  regular 
increase  in  the  value  of  n  with  the  stage  of  water.  Values  of  n 
obtained  in  the  fall  of  1926  are  notably  higher  than  those  obtained  in 

1924,  showing  the  effect  of  two  years'  additional  growth  of  vegetation. 
The  chief  difference  between  the  upper  and  lower  slope  courses  is 

the  small  amount  of  water  weed  in  the  former.  As  a  result,  lower 
values  of  n  were  obtained  in  the  upper  course  at  the  low  stages  of 
water.  The  tree  growth  differs  only  in  that  the  trees  in  the  upper 
course  are  somewhat  smaller  and  more  numerous  than  in  the  lower 
course.  (PL  27,  C.)  As  on  the  lower  course,  the  determinations  of  the 
value  of  ?i  do  not  furnish  a  good  comparison  of  winter  and  spring  con- 
ditions with  summer  and  fall  conditions.  Nos.  94  and  98  in  Table  9 
agree  much  as  Nos.  81  and  85  on  the  lower  course,  probably  for  the  same 
reason.  Comparison  of  Nos.  93  and  97  seems  to  show  the  effect  of  the 
earty  summer  growth  of  vegetation.  The  increase  in  the  values  of  n 
from  the  summer  of  1 924  to  1 926  is  even  greater  than  on  the  lower  course. 

KASKASKIA    RIVER    DITCH 

The  Wabash  Railroad  bridge  three-fourths  of  a  mile  west  of  Sadorus 
was  used  as  a  gaging  station  for  this  ditch.  The  slope  course  was 
600  feet  long  and  rather  crooked  and  was  located  below  the  gaging 
station.  Although  the  bridge  made  an  angle  of  about  78°  with  the 
direction  of  flow,  the  gaging  section  was  quite  satisfactory,  and  it  is 
believed  that  reliable  measurements  of  both  discharge  and  slope  were 
obtained. 

A  view  of  the  channel  is  shown  in  Plate  26,  C.  The  average  cross 
section  and  the  variation  in  area  are  shown  in  Figures  19,  H  and  20,  H. 
This  channel  is  generally  cleared  out  every  two  years,  so  there  is 
practically  no  large  growth  in  it.     It  was  cleared  out  in  September, 

1925,  shortly  before  the  first  gagings  were  made.  (Nos.  108  to  110 
in  Table  9.)  It  will  be  noted  that  the  values  of  n  obtained  for  these 
first  measurements  are  very  low,  as  would  be  expected  for  a  newly 
cleared  channel.  Comparison  of  these  values  with  those  obtained 
just  one  year  later  (Nos.  112  to  117)  discloses  a  noticeable  increase 
due  to  one  year's  growth  of  vegetation.  The  bottom  part  of  the 
channel  was  in  good  condition,  as  vegetation  does  not  grow  on  the 
steeper  parts  of  the  lower  side  slopes.  This  condition  and  the  hard 
slippery  clay  in  the  lower  part  of  the  channel  are  responsible  for  the 
lower  values  of  n  obtained  at  low  stages  of  flow.  As  the  stage  in- 
creases, more  stalky  weeds  and  bushy  willows  are  encountered  and  the 
value  of  n  increases,  as  may  be  seen  from  measurements  111  to  117. 
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Plate  26. 


A.  Kiist  Lake  Fork  dredge<i  channel,  ne;»r  Ivesdnle.  111.,  looking  up  sloj)*  course,  .\pril,  1925; 
B.  same  view  as  A,  above,  in  July,  1927;  C,  Kuskaskia  Hiver  dredged  channel,  near  Sadorus, 
III.,  looking  down  slope  course,  May,  1926.    (See  Table  9) 
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Plate  27. 


Kaskaskia  mutual  dredged  channel,  near  Bondville,  111.  A,  Looking  up  lower  slope  course,  April, 
1925;  B,  same  view  as  A,  above,  in  July,  1927;  C,  looking  up  upper  slope  course,  April,  1925. 
d6eeTable9) 
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Plate  28. 


A,  Two  Mile  Slouph  dredged  channel,  near  Sadorus,  111.,  looking  down  s\n\)e  course,  April,  1925; 
B,  same  view  as  A,  above,  in  October,  1926;  C,  Stewart  Branch  dredged  channel,  near  Cham- 
paign, 111.,  looking  up  sloi)e  course,  October,  1928.    (See  Table  9) 
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Plate  29. 


Camp  Creek  dredged  channel,  near  Seymour,  111.    A,  Looking  up  slope  course,  April,  1925;  B, 
same  view  as  A,  above,  in  July,  1924;  C,  same  view  as  A,  above,  in  July,  1927.    (See  Table  9) 
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TWO    MILE    SLOUGH 


G agings  of  Two  Mile  Slough  were  made  from  the  concrete  high- 
way bridge  about  1  }/^  miles  east  of  Sadorus.  A  short  distance  down- 
stream from  this  bridge  a  straight  slope  course  360  feet  long  was  laid 
out.     Fairly  accurate  slope  and  discharge  measurements  were  secured. 

Plate  28  shows  two  views  of  the  channel,  one  when  there  was  no 
foliage  on  the  vegetation  and  the  other  when  the  vegetation  was  in 
full  leaf.  The  average  cross  section  is  shown  in  Figure  19, 1.  Figure 
20, 1  shows  that  there  were  rather  large  variations  in  the  cross  section 
at  low  stages  of  flow  but  only  moderate  variations  at  medium  to  high 
stages.  This  channel  had  not  been  cleared  since  1921  and  was  in 
very  bad  condition  when  these  measurements  were  made.  At  low 
stages  the  thread  of  the  stream  wandered  from  side  to  side,  on  account 
of  silt  bars  in  the  channel,  some  of  which  were  covered  with  *a  water 
weed. 

All  the  values  of  n  obtained  for  this  course  are  unusually  high. 
(Nos.  118  to  131  in  Table  9.)  This  undoubtedly  is  due  to  the  bars 
and  willow  growth  in  the  bottom  of  the  channel.  In  general,  these 
values  increase  with  the  stage  of  water,  owing  to  the  increase  in 
amount  of  branches  and  foliage  encountered  by  the  flow.  Number 
118  is  much  lower  than  the  others,  probably  because  of  the  sUppery 
clay  of  the  ditch  bottom  and  lower  part  of  the  side  slopes,  and  because 
of  the  absence  of  weeds  at  that  season.  It  will  be  noted,  as  for  other 
channels,  that  the  summer  and  fall  measurements  gave  much  higher 
values  for  n  than  the  winter  and  spring  measurements,  particularly 
at  high  stages.     Unquestionably  this  is  because  of  foliage  conditions. 


CAMP    CREEK 


Gagings  of  this  channel  were  made  from  a  private  single-span 
bridge,  a  few  hundred  feet  north  of  the  concrete  highway  about 
three-fourths  of  a  mile  west  of  Seymour,  111.  The  slope  course  was 
straight,  661  feet  long,  and  located  just  above  the  bridge.  It  is 
beUeved  that  quite  accurate  slope  and  discharge  measurements  were 
obtained.  There  was  very  Uttle  variation  in  the  size  of  the  cross 
section  along  the  slope  course.  (Fig.  20,  J.)  The  average  cross 
section  is  shown  in  Figure  19,  J. 

Three  \dews  of  this  channel  are  shown  in  Plate  29.  Its  condition 
grew  steadily  worse  during  the  period  of  the  investigations.  The 
channel  was  cleared  during  the  winter  of  1923-24,  not  long  before 
the  first  measurements  were  made  in  April,  1924,  but  considerable 
growth  had  sprung  up  when  the  summer  measurements  were  made 
two  months  later.  By  the  summer  of  1926  the  bottom  of  the  channel 
was  covered  with  a  dense  growth  of  water  weed  and  the  side  slopes 
were  covered  with  a  thicket  of  bushy  willows,  \Tnes,  and  a  few  small 
poplar  trees. 

All  the  measurements  under  winter  conditions  were  made  at  lower 
stages  than  any  of  the  summer  measurements  (Table  9),  when  there 
was  no  foliage  on  the  vegetation  and  no  water  weed  in  the  bottom  of 
the  channel.  Therefore  the  lower  values  obtained  for  n  were  to  be 
expected.  A  comparison  of  the  values  obtained  for  n  in  1924  and 
1926  shows  the  large  effect  of  the  growth  of  vegetation  in  the  channel. 
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LATERAL    DITCH    NO.    15 

The  single-span  highway  bridge  about  Ij/^  miles  directly  east  of 
Bement,  111.,  was  used  as  a  gaging  station.  A  good  gaging  section 
was  obtained  here,  and,  although  the  bridge  made  an  angle  of  about 
85°  with  the  direction  of  flow,  it  is  believed  that  very  accurate  dis- 
charge measurements  were  secured.  The  slope  was  measured  on  a 
straight  course  1,000  feet  long,  above  the  bridge.  The  shape  of  the 
cross  section  of  the  channel  (fig.  19,  K)  was  uniform  throughout  the 
length  of  the  slope  course;  the  size  varied  little  except  for  very  low 
stages.     (Fig.  20,  K.) 

Three  views  of  this  channel  are  shown  in  Plate  30.  This  channel 
was  redredged  in  1922,  and  since  then  no  vegetation  had  been  cleared 
out.  yntil  the  spring  of  1925  it  was  still  in  comparatively  good  con- 
dition; but  after  that  time  its  condition  grew  rapidty  worse,  as 
shown  by  the  view  taken  in  July,  1927.  During  the  summer  of  1925, 
a  dense  growth  of  cat-tails  appeared  in  the  channel.  They  died  in 
the  fall,  and  most  of  them  were  washed  away  soon  after  the  measure- 
ment on  November  10  was  made.  The  growth  reappeared  in  greater 
profusion  in  1926  and  was  washed  away  about  September  15,  before 
the  last  measurements  were  made.  There  were  very  few  cat-tails  in 
this  channel  in  1927;  probably  because  of  the  shade  from  the  heavy 
growth  of  willows. 

The  measurements  on  this  channel  are  shown  as  Nos.  141  to  155 
in  Table  9.  Comparatively  low  values  of  n  were  obtained  in  the 
spring  of  1925.  One  year  later  considerably  higher  values  were 
obtained,  due  to  the  growth  of  bushy  willows  in  the  channel.  The 
summer  and  fall  measurements,  before  the  cat-tails  were  washed  out, 
gave  the  highest  values  of  n;  the  effect  of  the  cat-tails  in  retarding 
flow  may  be  inferred  from  a  comparison  of  the  last  measurements 
with  those  made  earlier  in  September,  1926.  In  this  channel,  the 
value  of  n  was  found  generally  to  increase  with  a  decrease  in  the 
depth  of  flow,  probably  because  most  of  the  vegetation  was  in  the 
lower  part  of  the  channel.  The  soil  on  the  upper  side  slopes  crumbled 
and  sloughed  off,  preventing  much  growth  there. 

FOUNTAIN    HEAD 

Measurements  of  discharge  in  this  channel  were  made  from  the 
concrete  bridge  on  State  Highway  No.  10,  about  2  miles  west  of 
Champaign,  111.  Although  the  bridge  makes  an  angle  of  about  80° 
with  the  direction  of  flow,  it  is  believed  that  fairly  accurate  gagings 
were  obtained.  The  conditions  were  most  favorable  for  accurate 
slope  measurements,  on  a  straight  course  800  feet  long  above  the 
bridge.  There  was  a  somewhat  gradual  increase  in  cross-sectional 
area  for  low  stages,  and  a  decrease  for  medium  stages,  along  the  slope 
course.  (Figs.  19,  L  and  20,  L.)  Plate  31  shows  two  views  of  the 
channel.  There  were  no  willows  or  other  trees  in  this  channel,  and 
the  growth  of  weeds  and  grass  which  appears  on  the  side  slopes  during 
the  summer  dries  up  and  is  broken  off  and  flushed  out  during  the 
winter. 

No  measurements  for  high  stages  were  obtained  on  this  channel. 
Water  always  stands  to  a  depth  of  1}^  to  2  feet  in  this  slope  course, 
due  to  a  low  dam  of  rocks  a  short  distance  below  the  lower  end  of 
the  course.     This  prevents  the  growth  of  vegetation  in  the  bottom 
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Plate  30. 


Lateral  Ditch  No.  15,  near  Bement,  111.    A,  Looking  up  slope  cx)urse,  April,  I92.'i;  B,  same  view 
as  A,  above,  in  July,  ltf24;  C,  same  view  as  A,  above,  in  July,  1927.    (See  Table  9) 
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PLATE  31. 


B 


A,  Fountain  Head  dredged  channel,  near  Champaign,  111.,  looking  up  slope  course,  April,  1925; 
B,  same  view  as  A,  above,  in  July,  1924;  C,  St.  Joseph  Township  Ditch  No.  4,  near  Mayview, 
III.,  looking  down  slope  course,  October,  1926.    (See  Table  9) 
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of  the  channel,  and  with  the  rather  sUppery,  waxy  clay  on  the  bottom 
accounts  for  the  low  value  of  n  for  measurement  156  (Table  9), 
made  during  an  extreme  low  stage  of  flow.  On  account  of  vegeta- 
tion in  the  summer  and  fall  months,  higher  values  of  n  were  obtained 
then  than  during  the  winter  and  spring  months  when  there  were 
only  a  few  dry  weeds  in  the  channel. 

STEWART   BRANCH 

Gagings  of  this  channel  were  made  from  a  specially  constructed 
footbridge  a  short  distance  east  of  the  Illinois  Central  Railroad  and 
about  1  mile  north  of  that  railroad's  shops  near  Champaign,  lU. 
The  slope  measurements  were  made  on  a  sUghtly  crooked  course  of 
channel,  near  the  center  of  which  was  a  bend  of  about  15°.  The 
course  was  360  feet  in  length,  located  just  below  the  footbridge.  It 
is  believed  that  quite  accurate  slope  and  discharge  measurements 
were  obtained  on  this  ditch.  A  view  of  the  channel  is  shown  in 
Plate  28,  C,  taken  during  October,  1926.^  This^  ditch  had  been 
neglected  since  it  was  dug  about  1890,  so  it  was  in  very  bad  con- 
dition. There  are  rather  abrupt  and  irregular  variations  in  the 
cross-sectional  area.     (Figs.  19,  M  and  20,  M.) 

Measurements  were  made  only  for  low  and  medium  stages.  As 
would  be  expected  from  the  condition  of  the  channel,  very  high 
values  of  n  were  obtained.  When  measurements  162  and  166  were 
made  (see  Table  9),  the  channel  was  in  somewhat  better  condition 
than  at  the  time  of  the  other  three  measurements,  because  the  vegeta- 
tion had  started  to  decay  after  being  submerged  by  high  water  about 
September  4,  and  much  of  this  decayed  vegetation  was  flushed  out 
by  the  high  water  about  September  9. 

ST.    JOSEPH   TOWNSHIP   DITCH   NO.  4 

A  specially  constructed  footbridge  was  used  as  a  gaging  station 
on  this  channel.  It  was  located  about  200  feet  below  a  large  tile 
which  discharges  into  the  upper  end  of  this  ditch,  about  2  miles  cast 
of  Mayview,  111.  The  slope  course  was  straight  and  400  feet  long, 
just  below  this  footbridge.  Satisfactory  discharge  and  slope  measure- 
ments were  obtained.  Variations  in  the  cross-sectional  area  were 
rather  abrupt  but  not  very  large.     (Figs.  19,  N  and  20,  N.) 

The  channel  was  in  very  bad  condition,  as  shown  by  the  view 
(pi.  31,  C)  taken  a  few  weeks  after  the  measurements  were  made. 
A  thick  growth  of  bushy  willows  extended  throughout  the  length  of 
the  course,  and  there  was  some  grass  on  the  upper  part  of  the  side 
slopes.  Only  two  measurements  were  made  (Nos.  167  and  168  in 
Table  9),  at  medium  stages  and  when  the  growth  was  in  full  leaf. 
As  would  be  expected,  comparatively  large  values  of  n  were  obtained. 
Without  foliage,  n  would  be  considerably  less  for  this  channel. 

DISCUSSION   OP    ILLINOIS   EXPERIMENTS 

The  results  of  these  experiments  clearly  indicate  that  annual  clear- 
ing is  a  necessity  in  this  section  of  the  country  and  similar  flat-prairie 
sections.  Vegetation  springs  up  rapidly  where  the  soil  is  very  fertile 
and  the  velocity  of  the  water  is  low,  conditions  conducive  to  the  rapid 
growth  of  vegetation  from  seed.  East  Lake  Fork  and  Kaskaskia 
River  ditches  are  cleared  out  every  two  years,  but  their  condition 
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after  one  year  indicates  that  clearing  every  two  years  is  not  sufficient 
to  keep  them  in  good  condition.  The  channel  of  the  Lake  Fork  ditch 
was  cleared  during  the  fall  of  1925,  and  values  of  n  ranging  from  0.030 
to  0.032  were  obtained  during  the  following  winter  months,  but  meas- 
urements made  during  the  following  September  for  about  similar 
stages,  after  one  summer's  growth  of  vegetation  gave  values  of  n 
ranging  from  0.075  to  0.090.  It  is  possible,  however,  that  if  the 
ditches  were  thoroughly  cleared  out  every  year  the  growth  would  not 
reappear  as  rapidly  as  when  it  is  cleared  only  every  two  years. 

Unless  even  more  effective  methods  of  maintenance  than  annual 
clearing  are  employed,  it  does  not  seem  that  the  use  of  a  value  of  n 
less  than  0.040  would  be  justified  in  the  design  of  channels.  It  is 
readily  apparent  from  the  results  of  the  experiments  that  much  higher 
values  should  be  used  where  clearing  every  two  years  or  less  frequently 
is  the  general  practice. 

VARIATION  OF  n  WITH  STAGE  IN  CHANNEL 

The  results  of  these  experiments  show  that  generally  the  value  of 
n  decreases  as  the  stage  increases  in  channels  free  from  vegetation. 
This  was  pointed  out  in  an  article  in  the  Engineering  News,  February 
24,  1916,  by  R.  E.  Horton,^  as  being  true  for  natural  river  channels 
and  was  attributed  to  the  fact  that: 

In  determining  the  coefficients  of  roughness  in  natural  river  channels  the  entire 
cross  section  as  determined  by  soundings  is  taken  into  account,  whereas  if  the 
cross  section  is  irregular  there  may  be  pockets  or  holes  in  the  bed  of  the  stream 
containing  slack  water  at  lower  stages,  so  that  the  full  area  of  section  is  not 
effective.  Similarly  at  low  stages  of  a  stream  there  is  likely  to  be  more  or  less 
f aU  that  is  not  effective  as  slope  and  that  does  not  contribute  to  producing  veloc- 
ity. 

While  the  above  is  also  generally  true  for  dredged  channels,  yet 
these  experiments  show  a  great  many  exceptions,  one  of  which  is  that 
of  Mud  Creek,  where  the  values  of  n  obtained  were  practically  the 
same  for  all  stages  in  the  channel,  owing  to  the  fact  that  there  was 
no  appreciable  amount  of  ineffective  slope  or  cross  section  and  practi- 
cally no  difference  in  the  degree  of  roughness  of  the  channel  for 
different  stages.  (PL  1,  C,  and  Table  1.)  Another  exception  which 
shows  the  very  reverse  of  the  general  statement  above  is  that  of 
Bogue  Phaha  dredged  channel,  where  n  increased  for  an  increase  of 
stage.  This  was  due  to  the  excellent  condition  of  the  lower  part  of 
the  channel  as  compared  with  that  of  the  upper  part.  (PL  3,  A,  and 
Table  2.) 

Vegetation  in  a  channel  affects  the  variation  in  value  of  n  with  stage 
in  various  ways.  If  the  vegetation  consists  principally  of  small  trees 
and  tall  bushes,  n  generally  begins  increasing  at  the  stage  where  the 
water  reaches  the  spreading  branches.  The  increase  iu  the  value  of 
n  is  greater  in  the  summer  when  the  branches  are  full  of  foliage  than 
in  the  winter,  as  illustrated  by  the  results  obtained  for  ditch  No.  18 
in  Arkansas.  (Table  7.)  Where  the  vegetation  consists  of  smaU 
growth  such  as  weeds,  low  bushes,  grasses,  and  short  willows  that  cover 
the  side  slopes  to  the  edge  of  low  water,  there  is  generally  not  much 
change  ia  n  for  a  change  iQ  stage,  as  was  foiuid  for  Cummins  Lake 
ditch  ia  Arkansas.  (Table  7.)  In  some  channels  that  have  a  fairly 
large  low-water  flow,  the  lower  part  of  the  channel  is  often  free  from 
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vegetation  and  a  lower  value  of  n  is  found  for  low  than  for  high  stages. 
(See  results  for  Kaskaskia  River  ditch,  Table  9.)  Lower  values  of  n 
are  dso  obtained  for  low  stages  in  channels  where  the  vegetation 
consists  of  fairly  large  trees,  such  as  in  the  channel  of  Kaskaskia 
mutual  ditch  in  Illinois.  (Table  9.)  In  this  instance  it  is  believed 
that  the  absence  of  small  growth  at  low  stages  was  due  to  the  dense 
shade  afforded  by  the  trees. 

MAINTENANCE 

The  results  of  these  experiments  show  conclusively  that  systematic 
annual  clearing  is,  as  a  general  rule,  indispensable  if  a  drainage  ditch 
is  to  be  kept  in  a  state  of  high  hydraulic  efficiency.  Small  ditches 
draining  small  watersheds  require  more  attention  than  large  ditches 
draining  large  watersheds,  and  ditches  in  comparatively  flat  country, 
such  as  central  Illinois  and  the  Delta  of  Mississippi  and  Arkansas, 
require  more  attention  than  ditches  in  country  with  rolling  and  hilly 
topography  where  the  watercourses  have  greater  fall.  Large  ditches 
with  hiUy  w^atersheds,  such  as  South  Forked  Deer  River  at  Roberts, 
Tenn.,  aiad  Boyer  River  at  Missouri  Valley,  Iowa,  are  generally  self- 
maintaining  because  there  is  nearly  always  a  fairly  large  low- water 
flow  which  prevents  growth  on  the  bottom  and  the  lower  part  of  the 
side  slopes,  and  there  is  generally  sufficient  erosion  and  caving  to 
prevent  growth  on  the  upper  part  of  the  side  slopes.  Large  ditches 
m  flat  country,  such  as  Bogue  Phalia  ditch  in  Mississippi  and  ditch 
No.  43  in  Cypress  Creek  drainage  district  in  Arkansas,  do  not  as  a 
rule  require  much  maintenance  because  there  is  nearly  always  a 
fairly  large  low-water  flow  and,  even  though  the  fall  is  small,  the 
hydraulic  radius  is  large  and  there  is  generally  sufficient  velocity  to 
keep  the  channel  in  fairly  good  condition. 

It  is  the  comparatively  small  ditch  in  a  flat  country  that  requires 
most  attention.  Such  ditches  often  go  dry  during  the  summer,  and 
thus  afford  a  good  opportunity  for  vegetation  to  spring  up  from  seed 
on  the  bottom  of  the  ditch.  The  more  fertile  the  soil,  the  more 
rapid  and  rank  the  growth.  As  the  fall  along  the  ditch  is  small,  the 
velocity  is  imable  to  produce  erosion,  but  generally  permits  the  de- 
posit of  rich  silt  pregnant  with  plant  seed,  which  produces  growth 
at  the  first  opportunity.  The  small  ditches  in  the  Delta  of  Arkansas 
and  Mississippi,  and  especially  the  small  ditches  in  central  Illinois, 
exempHfy  these  conditions.  In  the  latter  region,  East  Lake  Fork  and 
Kaskaskia  River  ditches  are  cleared  out  every  two  years  but  are 
choked  with  growth  by  the  end  of  the  first  year,  while  the  condition 
of  Lake  Fork  ditch  less  than  one  year  after  clearing  would  seem  to 
indicate  that  even  annual  removal  of  brush  and  weeds  might  not 
keep  ditches  in  this  section  in  satisfactory  condition.  However,  it  is 
possible  that  if  these  ditches  were  cleared  every  year,  and  attention 
given  to  removing  or  killing  the  roots  of  trees  and  large  brush,  the 
new  growth  would  develop  more  slowly  than  it  does  under  present 
practice. 

APPLICATION  OF  RESULTS 

It  is  impossible  to  describe  with  absolute  accuracy  the  conditions 
existing  in  a  channel,  such  as  degree  of  regularity,  amount  and  nature 
of  obstructions  and  vegetation,  and  uniformity  of  cross  section. 
Consequently  it  is  impossible  to  formulate  definite  rules  to  govern 
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one  in  choosing  the  proper  value  of  n  for  any  particular  channel.  It 
is  believed  that  views,  together  with  complete  descriptions  of  chan- 
nels for  which  the  values  of  n  have  been  determined,  afford  the  best 
means  of  arriving  at  the  proper  value  of  n  to  employ  for  any  partic- 
ular channel.  This  apphee  especially  to  existing  channels  where  it 
is  desired  to  ascertain  the  capacity. 

In  order  to  determine  the  capacity  of  a  proposed  dredged  channel 
it  is  necessary  to  assume  anticipated  conditions  of  channel.  As  is 
readily  seen  from  the  results  of  these  experiments,  values  of  n  for 
dredged  channels  vary  greatly,  depending  principally  upon  irregu- 
larities of  side  slopes  and  cross  section  due  to  erosion,  caving  banSs, 
or  faulty  construction;  upon  obstructions  and  growth  in  the  channel 
due  to  lack  of  maintenance;  and,  under  certain  conditions,  upon 
the  effect  of  a  lining  of  silt  in  the  channel.  In  most  cases  where 
erosion  takes  place  in  a  newly  constructed  and  well-finished  dredged 
channel,  the  roughness  coefficient  increases,  but  the  capacity  of  the 
channel  as  a  rule  also  increases,  since  the  enlarged  cross  section  more 
than  offsets  the  effect  of  the  increased  roughness  coefficient.  In 
some  instances  practically  no  difference  in  capacity  in  a  newly 
dredged  channel  may  result  from  erosion,  after  a  certain  amount  of 
erosion  has  taken  place,  as  was  foimd  to  be  the  case  for  the  experi- 
ments conducted  on  North  Forked  Deer  River  near  Trenton,  Tenn. 
(Table  3). 

CONCLUSIONS 

A  careful  study  of  the  results  of  these  experiments  suggests  the 
following  conclusions: 

That  a  deposit  of  slick,  slimy  silt  on  the  sides  and  bottom  of  a 
channel  greatly  reduces  frictional  resistance  to  flow.  (See  results 
for  Allen  and  Willow  Creeks  in  Table  4.) 

That  the  clearing  of  perennial  growth  from  a  channel  wiU  greatly 
increase  its  capacity.  (See  results  for  Old  Town  Creek  in  Table  1 
and  Lake  Fork  special  ditch  in  Table  9.) 

That  the  growth  of  grass  and  weeds  in  a  channel  during  the  summer 
greatly  decreases  its  capacity.  (See  results  of  experiments  for  North 
Carolina  in  Table  5.) 

That  the  accumulation  of  drift,  trees,  logs,  and  other  obstructions 
in  a  channel  greatly  decreases  its  capacity.  (See  results  for  South 
Forked  Deer  River  channel  at  Campbell's  levee  road  in  Table  3.) 

That  after  a  certain  amount  of  erosion  has  taken  place  in  a  channel, 
further  erosion  does  not  necessarily  increase  the  roughness  of  the 
perimeter.     (See  results  for  North  Forked  Deer  River  in  Table  3.) 

That  the  roughness  coefficient  n  is  appreciably  higher  for  a  roughly 
dredged  channel  than  for  a  smoothly  dredged  one.  (See  results  for 
the  South  Forked  Deer  River  at  Jackson  and  Roberts,  in  Table  3.) 

That  ordinarily  a  dredged  channel  quicldy  deteriorates  in  hydrauHc 
efficiency  unless  systematically  maintained.  (See  results  of  experi- 
ments in  Arkansas  and  Illinois  in  Tables  7  and  9.) 

That  abrupt  variations  in  cross  section  play  an  important  part 
in  reducing  the  hydraulic  efficiency  of  a  channel.  (Compare  Figures  2, 
4,  6,  9,  11,  13,  15,  18,  and  20  with  values  of  n  in  the  tables.) 
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RECOMMENDATIONS  FOR  DESIGN 

Tabulated  values  of  the  roughness  coefficient  n  in  Kutter's  formula, 
shown  in  Table  10,  are  recommended  for  use  in  computing  the  capacity 
of  drainage  channels  of  the  conditions  described: 

Table  10. — Values  of  n  recommended  for  use  in  designing  drainage  ditches 


Description  of  channel 


Example 


.a025 


,035 


.035 
.040 


Large  channel  in  rolling  country,  with  high  velocity  and  sufficient 
low-wator  flow  to  prevent  rapid  growth  of  vegetation;  slick  silt 
lining  perimeter;  maintenance.' 

Large  channel  in  rolling  country,  with  sufficient  low-water  flow  to 
prevent  rapid  growth  of  vegetation;  moderate  erosion;  mainte- 
nance.* * 

Large  channel  in  flat  country,  with  fairly  large  low-water  flow;  no 
appreciable  erosion;  annual  clearing. 

Small  channel  in  rolling  country,  with  small  low-water  flow;  erosion 
sufficient  to  cause  some  irregularities;  maintenance.! 

Small  channel  in  flat  country,  with  insufficient  low-water  flow  to 
prevent  rapid  growth  of  vegetation  in  lower  part  of  channel;  an- 
nual clearing. 

Large  channel  with  high  velocity  and  large  low-water  flow;  rapid 
erosion  causing  large  irregularities;  no  vegetation. 

Small  channel  in  flat  country,  with  very  fertile  loamy  soil  conducive 
to  rapid  growth  of  vegetation;  very  small  low-water  flow,  or  dry 
in  summer;  annual  clearing. 


Boyer  River  at  Missouri  Val- 
ley, Iowa.    (Table  4.) 

South  Forked  Deer  River  at 
Roberts,  Tenn.    (Table  3.) 

Bogue    Phalia   near    Helm, 

Miss.  (Table  2.) 
Huggins  Creek  near  Finger, 

Tenn.  (Table  3.) 
Cummins  Lake  ditch  near 

Gould,  Ark.    (Table  7.) 

Excavated  channel  in  flood- 
way,  Little  River  Drainage 
District,  Mo.    (Table  8.) 

Lateral  ditch  No.  15  near 
Bement,  111.    (Table  9.) 


»  By  "maintenance"  is  meant  that  the  ditch  is  to  be  kept  in  good  condition  by  clearing  out  growth  and 
obstructions  as  often  as  found  necessary,  generally  every  2  or  3  years. 

In  computing  the  capacity  of  an  existing  channel  the  value  of  n 
chosen  should,  whenever  possible,  be  based  upon  a  comparison  of 
the  conditions  in  the  existing  channel  with  the  conditions  of  channels 
for  which  values  of  n  have  been  determined.  The  comparisons  are 
best  made  by  actual  inspections,  but  when  such  are  impracticable, 
good  views  and  careful  descriptions  of  the  channels  for  which  the 
coefficient  has  been  determined  are  next  in  value,  and  are  more 
dependable  than  any  general  classification.  In  designing  a  new  or 
improved  channel,  the  condition  that  will  be  maintained  must  be 
assumed  according  to  local  circumstances,  and  the  value  of  n  be 
chosen  accordingly. 
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INTRODUCTION 

A  comprehensive  knowledge  of  the  development  of  a  soil  is 
dependent  on  an  understanding  of  the  changes  which  the  soil  minerals 
undergo  from  the  time  they  are  exposed  to  weathering  as  part  of 
the  parent  rock  until  they  are  completely  transformed  into  colloidal 
material.  Thus  far  in  the  quantitative  study  of  the  soil  profile 
attention  has  been  directed  chiefly  to  the  accumulation  of  clay  or 
colloidal  material  at  different  depths  and  to  changes  in  the  gross 
chemical  composition  of  the  soil  material  in  the  various  horizons. 
Changes  in  the  individual  mineral  constituents  have  received  Uttle 
attention,  especially  those  changes  which  take  place  in  the  deeper 
parts  of  the  profile  below  the  layer  of  clay  accumulation. 

It  is  recognized  that  certain  minerals,  such  as  hornblende,  may 
disappear  relatively  soon  in  the  soil-forming  process  and  that  others, 
such  as  quartz,  persist  in  the  upper  soil  horizons.  Up  to  the  present, 
however,  the  comparative  rates  of  disappearance  of  the  minerals  have 
not  been  studied  in  a  quantitative  manner.  Very  little  is  known  in 
regard  to  the  formation  of  secondary  minerals  from  decomposition  of 
the  original  minerals  of  the  soil,  except  what  may  be  inferred  from 
geologic  studies  and  from  studies  restricted  to  the  colloidal  part  of 
the  soil.  Finally,  the  changes  in  composition  which  minerals  may 
undergo  in  the  soil  before  they  lose  their  identity  have  received  little 
attention. 

This  investigation  is  concerned  only  with  the  various  changes  that 
take  place  in  the  mica  group  of  soil  minerals  during  soil  development. 
It  deals  with  the  changes  in  chemical  composition  that  muscovite 
and  biotite  undergo  before  losing  their  characteristic  appearance  and 
optical  properties,  with  the  nature  of  their  alteration  products,  and 
with  the  rates  at  which  they  disappear  in  diflferent  soil  profiles. 

46882*- 
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REVIEW    OF    LITERATURE 

Views  regarding  weathering  of  the  micas  seem  to  be  founded  chiefly 
on  examinations  of  decomposing  rocks,  on  studies  of  the  alteration 
of  mica  in  deposits  or  in  special  formations,  such  as  china  clay,  and 
on  the  decomposition  of  mica  under  laboratory  conditions.  Com- 
paratively few  investigations  deal  directly  with  the  weathering  of 
mica  in  soil.  Although  it  is  not  to  be  expected,  of  course,  that  the 
weathering  of  mica  in  the  soil  is  necessarily  comparable  in  nature  or 
extent  to  that  obtaining  under  other  conditions,  one  may  reasonably 
infer  that  the  alterations  which  take  place  in  mica  under  either 
natural  or  artificial  conditions  are  indicative  of  what  may  be  expected 
to  take  place  in  the  soil. 

The  general  opinion  as  to  the  alterability  of  white  mica  or  musco- 
vite  is  expressed  by  Clarke  (5)  ^: 

Muscovite,  under  ordinary  conditions,  is  one  of  the  least  alterable  of  minerals. 
The  feldspar  of  a  granite  may  be  completely  kaolinized,  while  the  embedded 
plates  of  mica  retain  their  brilliancy  almost  unchanged. 

Concerning  the  nature  of  the  alteration,  Van  Hise  {16)  makes  the 
following  statement: 

One  of  the  most  frequent  alterations  [of  muscovite]  is  that  of  hydration,  a 
part  of  the  potassium  being  replaced  by  hydrogen;  or  at  the  same  time  it  may 
take  up  other  bases  and  thus  the  mineral  may  pass  into  vermiculite,  a  somewhat 
indefinite  compound  to  which  no  formula  can  be  assigned. 

Blanck  {1\  after  reviewing  the  opinions  of  others  and  in  the  light 
of  his  own  investigations  on  muscovite  as  a  source  of  potash  for 
plants,  comes  to  the  following  conclusions: 

(1)  Muscovite  as  well  as  biotite  releases  potash  to  plants,  and  both  are  as 
well  adapted  for  supplying  potash  as  potash  feldspar.  (2)  The  release  of  potash 
to  plants  by  muscovite  is  in  opposition  to  the  prevailing  opinion  as  to  the  capacity 
of  this  mineral  to  weather,  pointing,  as  it  does,  to  an  actual  weathering.  This 
appears  to  consist  in  removal  of  potash  but  with  preservation  of  the  external 
physical  properties  of  the  mineral. 

Finally  Lacroix  {12)  in  studies  on  the  laterites  of  Guinea  finds  that 
the  weathering  of  muscovite  under  lateritic  conditions  results  in  loss 
of  alkalies,  particularly  of  potash,  with  a  corresponding  gain  in  water, 
the  end  product  of  weathering  having  essentially  the  composition  of 
kaolinite. 

Hickling  (iO),  Galpin  (7),  and  Sella  {16)  conclude  from  petro- 
graphic  studies  on  china  clays  that  considerable  of  the  kaolinite 
present  is  derived  from  the  alteration,  of  secondary  muscovite,  which 
they  consider  to  have  been  derived  from  the  feldspars.  China  clays, 
however,  differ  widely  from  soils  in  their  nature  and  perhaps  in  their 
origin.  Consequently,  such  transformations  can  not  be  assumed  to 
hold  for  soils  except  in  so  far  as  they  are  borne  out  by  a  special  inves- 
tigation of  mineral  alteration  under  soil  conditions. 

Although  considerable  difference  of  opinion  exists  as  to  the  alter- 
ability of  muscovite,  there  is  general  agreement  that  biotite  is  readily 
altered.     To  quote  Clarke  (5) : 

Unlike  muscovite,  biotite  and  phlogopite  alter  easily,  and  pass  into  a  series  of 
apparently  indefinite  substances  known  as  "vermiculites."  The  change,  how- 
ever, is  very  simple,  and  consists  merely  in  the  replacement  of  the  alkaline  metals 
by  hydrogen,  with  assumption  of  additional,  loosely  combined  water.  From 
the  typical  ferromagnesian  micas  the  following  derivatives  are  thus  formed: 

From  AlsMgzKHSisOia AlzMgzHzSigOiz.SHzO. 

From  AlMgzKHzSisOiz AlMgaHsSisOia-SHaO. 

» Italic  figures  in  parentheses  refer  to  Literature  cited,  p.  32. 


ALTERATION   OF   MUSCOVITE   AND   BIOTITB   IN  THE   SOIL  6 

Zschimmer  (18),  proceeding  on  the  ground  that  specific  gravity  is 
an  index  of  degree  of  weathering,  divided  a  mass  of  biotite  into  dif- 
ferent fractions  according  to  specific  gravity  and  determined  the 
chemical  composition  of  the  fractions.  His  conclusions  may  be 
summarized  in  the  statement  that  alteration  of  biotite  consists  in  an 
exchange  of  constituents  whereby  K2O,  Fe203,  and  FeO  diminish  in 
favor  of  H2O,  AI2O3,  and  MgO.  The  weathering  products  of  biotite 
are  not,  according  to  Zschimmer,  identical  with  those  derived  from 
the  weathering  of  muscovite. 

Glinka  (5),  studying  the  biotite  of  southwest  Russia,  concluded 
that  the  end  product  of  the  weathering  of  this  mica  under  certain 
conditions  was  a  substance  resembling  kaolinite  in  composition. 
The  alteration  process  consisted  in  a  loss  of  Fe203,  FeO,  MgO,  K2O, 
and  Na20  but  a  gain  in  H2O.  Coincident  with  these  chemical 
changes  there  was  a  diminution  in  specific  gravity  and  a  marked 
change  in  color  from  black  to  dark  gold,  to  silver,  and  finally  to 
white. 

From  a  review  of  the  literature  on  alteration  of  mica,  one  may  con- 
clude that  muscovite,  although  not  unalterable,  is  much  more 
resistant  to  change  than  biotite.  The  chemical  nature  of  the  altera- 
tion process  of  both  micas  is  held  to  be  essentially  a  replacement  of 
potash  by  hydrogen.  In  the  case  of  biotite,  not  only  may  potash 
be  lost  but  also  magnesia  and  iron,  although  there  is  some  difference 
of  opinion  between  GUnka  and  Zschimmer  as  to  the  loss  of  mag- 
nesia. The  former  attributes  Zschimmer's  failure  to  observe  loss 
of  magnesia  to  the  fact  that  he  investigated  only  the  early  stages  of 
weathering. 

With  regard  to  the  extent  to  which  muscovite  and  biotite  may 
alter  under  general  conditions  of  weathering  and  still  retain  the  char- 
acteristics which  identify  them  as  mica,  the  literature  is  very  indefi- 
nite. Biotite,  to  judge  from  the  work  of  Glinka,  may  alter  but  a 
shght  degree  before  it  passes  into  a  material  which  is  no  longer  to 
be  considered  mica.  The  muscovite  particle,  on  the  other  hand, 
apparently  retains  its  external  structure  until  it  is  transformed  into 
colloidal  material  and  kaoHnite  (12). 

The  problem  of  the  comparative  rates  at  which  muscovite  and 
biotite  disappear  has  not  been  specifically  investigated.  Neverthe- 
less, the  general  opinion  seems  to  be  that  muscovite  disappears  much 
less  rapidly  than  biotite,  presumably  by  reason  of  its  greater  resist- 
ance to  chemical  change  induced  by  weathering  agencies. 

Although  few  of  the  studies  and  observations  that  have  been  made 
have  dealt  directly  with  soil  mica,  it  is  probable  that  the  facts  estab- 
lished apply  in  some  degree  to  the  decomposition  of  mica  under  soil 
conditions.  However,  in  view  of  the  variable  conditions  of  decom- 
position in  different  soil  types  and  in  different  horizons  of  the  same 
type,  the  facts  that  have  been  established  may  not  be  applicable  to 
all  soils. 

PLAN   AND   METHODS 

In  order  to  study  the  changes  in  chemical  composition  that  musco- 
vite and  biotite  undergo  in  the  soil,  samples  of  mica  were  isolated 
from  many  soil  horizons.  These  samples  of  practically  pure  mica  were 
iinalyzed,  the  proportions  of  muscovite  and  biotite  determined  petro- 
graphically,  and  the  compositions  of  the  samples  compared  with  those 
of  fresh  muscovite  and  biotite.     The  rates  at  which  the  two  micas 
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disappear  in  the  development  of  several  soil  profiles  were  studied  by 
estimating  the  quantities  of  mica  present  in  various  horizons. 

The  method  employed  for  isolating  mica  from  the  soil  depends  on 
the  slow  subsidence  in  water  of  mica  particles  as  compared  with  the 
subsidence  of  similar-sized  particles  of  other  minerals.  A  separation 
of  the  greater  part  of  the  total  soil  mica  from  the  other  soil  constituents 
can  thus  be  made  by  successive  decantations  of  a  soil  dispersed  in 
water.    The  details  of  the  process  follow. 

A  300  to  600  gram  sample  of  soil  was  dispersed  in  3  liters  of  water 
by  rubbing  the  soil  lightly  between  the  fingers.  The  suspension, 
after  a  moment's  settling  in  a  beaker,  was  decanted  upon  a  200-mesh 
sieve.  On  the  sieve  were  retained  mica,  particles  of  organic  matter, 
small  colloidal  aggregates,  and  small  mineral  particles,  while  the  dis- 
persed colloidal  material,  together  with  the  finest  mineral  particles, 
passed  through  the  sieve  and  were  discarded.  The  mass  of  soil  in  the 
beaker  was  dispersed  as  before  and  the  suspension  decanted,  the 
process  being  repeated  until  the  mica  was  practically  removed  from 
the  residue  of  other  minerals. 

In  order  to  purify  the  mica  from  particles  of  organic  matter  and 
minerals  that  were  decanted  with  it,  the  contents  of  the  sieve  were 
transferred  to  a  large  beaker,  water  was  added,  and  the  floating  par- 
ticles of  organic  matter  were  poured  off  as  soon  as  the  mica  had 
settled.  The  mica  was  then  removed  from  the  accompanying  min- 
erals by  successive  decantations  as  before.  Mica  samples  prepared 
from  soils  which  contained  but  few  fine  mineral  particles  other  than 
mica  were  sufficiently  pure  at  this  point;  but  when  the  fine  particles 
were  very  numerous  a  further  treatment  was  necessary.  In  this  latter 
case  the  dried  sample  was  transferred  to  a  large  porcelain  dish,  which 
was  rotated  in  such  a  way  that  the  sample  passed  over  the  entire  inner 
surface  of  the  dish.  The  mica  flakes  adhered  closely  to  the  dish,  from 
which  they  were  removed  with  a  camel's-hair  brush.  Successive 
rotations  of  the  dish  were  made  with  removal  of  the  adhering  mica, 
until  the  residue  was  practically  free  of  mica.  Microscopic  examina- 
tion of  all  the  samples  showed  that  mica  isolated  by  this  method  was 
practically  free  from  other  minerals. 

The  samples  of  mica  isolated  in  this  way  contained  practically  all 
the  medium  and  coarse  mica  particles  that  were  in  the  soil  but  none  of 
the  mica  of  silt  size,  since  all  soil  material  passing  through  a  200-mesh 
sieve  was  discarded  in  the  procedure.  However,  in  most  cases  the 
samples  comprised  the  greater  part  of  the  total  soil  mica. 

In  general  the  material  identified  as  muscovite  showed  an  optic 
axial  angle,  2V  =  35°  to  44°:  That  identified  as  biotite  showed  an 
angle  2V  =  0°  to  24°.  A  few  particles  were  encountered  that  had 
an  angle  between  24°  and  35°,  but  the  quantity  was  inappreciable  in 
any  one  sample.  It  is  recognized  that  the  measurement  of  the  angles 
of  particles  having  very  blurred  interference  figures  is  subject  to 
considerable  error;  but  it  is  believed  that  errors  in  measurement  were 
not  sufficiently  great  to  confuse  the  identification  of  muscovite  and 
biotite  because  of  the  wide  difference  in  their  axial  angles. 

The  microscopic  examination  of  the  quantities  of  muscovite  and 
biotite  present  in  the  samples  was  made  by  the  usual  petrographic 
procedure,  supplemented  by  the  method  for  areal  counts  described  in 
a  previous  publication  (6).  However,  the  very  large  surface  area  of 
the  mica  particle  as  compared  to  its  volume  suggested  the  possibility 
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that  the  method  of  areal  counts  might  not  be  accurate  when  applied 
to  such  material.  Therefore  it  seemed  advisable  to  check  the  method 
by  comparison  with  synthetic  mixtures  of  known  composition.  For 
this  purpose  muscovite  and  biotite  were  ground  separately  in  a  ball 
mill  to  degrees  of  fineness  corresponding  to  the  sizes  of  sand  and  silt 
particles.  The  powdered  mica  was  then  made  up  into  four  samples 
containing  muscovite  and  biotite  in  various  proportions.  Sample  No. 
2  was  composed  of  material  which  did  not  pass  a  200-mesh  sieve,  and 
the  other  three  samples  were  composed  of  material  that  had  passed 
through  the  200-mesh  sieve.    The  results  are  given  in  Table  1. 

Table  1. — Microscopic  estimation  of  muscovite  and  biotite  in  artificial  mixtures 


Muscovite 

Biotite 

Mi.\ture  No. 

Esti- 
mated 

Present 

Esti- 
mated 

Present 

1 

Per  cent 
47.5 
35.  6 
27.2 
70.4 

Per  cent 
50.0 
33.3 
25.0 
75.0 

Per  cent 
52.5 
64.4 
72.8 
29.6 

Per  cent 
50.0 

2 

66.7 

3                                                             

76.0 

4 

25.0 

The  degree  of  accuracy  attained,  it  is  beUeved,  is  sufficient  to  render 
the  petro^raphic  method  applicable  to  the  estimation  of  mica  of  sand 
and  silt  sizes. 

In  all  the  samples  of  soil  mica  that  were  isolated  there  were  present 
to  a  greater  or  less  extent  particles  which  had  the  external  appearance 
and  the  refractive  index  of  mica  within  allowable  limits  of  variation. 
Since,  however,  the  chief  group  characteristic,  i.  e.,  the  interference 
figure,  was  lacking  in  these  particles,  the  material  could  not  definitely 
be  identified  as  mica.  In  any  given  sample  of  soil  mica  all  gradations 
of  distinctness  in  the  interference  figures  were  observed.  Since  all 
the  interference  figures  which  could  be  recognized  show^ed  axial  angles 
which  approximated  those  of  muscovite  and  biotite,  this  fact  suggests, 
at  least,  that  the  material  with  indeterminate  figures  is  more  closely 
related  optically  to  the  micas  than  to  any  other  substances.  There- 
fore, in  the  identification  of  the  minerals  in  the  isolated  samples  this 
material  was  provisionally  classed  as  mica. 

The  sodium  carbonate  fusion  method,  as  described  by  Hillebrand 
(11),  for  the  analysis  of  silicate  rocks  was  followed  in  analyzing  the 
samples.  Combined  water  was  estimated  by  deducting  from  the  loss 
on  ignition  the  organic  matter,  which  was  determined  as  CO2  by  the 
dry-combustion  method,  using  the  factor  0.471. 

DESCRIPTION    OF   SOILS 

The  samples  of  soil  chosen  for  the  isolation  of  mica  represent  the 
important  residual  micaceous  soils  of  the  general  region  of  the  pied- 
mont plateau.  These  soils  have  developed  under  generally  similar 
climatic  conditions,  but  differences  in  weathering  sufficient  to  cause 
the  development  of  series  as  diverse  as  the  Cecil  of  the  southern  pied- 
mont and  the  Manor  and  Chester  of  the  northern  piedmont  are 
represented.  However,  wide  differences  in  weathering  conditions, 
such  as  obtain  between  arid  and  humid  soils,  and  many  kinds  of 
parent  material  are  not  covered  by  these  samples.  It  is  therefore 
possible  that  the  conclusions  from  this  investigation  may  not  apply 
to  all  soils.     Data  concerning  these  samples  appear  in  Table  2. 
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Table  2. — Description  of  soil  samples 


Pro- 
file 
No. 

Soil  type 

Depth 

Hori- 
zon 

Description 

Parent  rock 

Location 

1 

Porters  loam 

Inches 
0to4 

14  to  48... 

A... 

Bj... 

Brown  loam 

Gneiss 

Reddish-brown    friable 
clay. 

Reddish-brown    friable 
clay. 

Gray    disintegrated 
gneiss. 

Light-gray   partly   dis- 
integrated rock. 

Bedrock... 

County,  N,  0. 

Cecil  clay  loam.... 

48  to  60... 
60  to  72... 
72  to  96... 
964- 

c... 

C2... 

c... 

Mica  schist - 

2 

8t 
25 
60 

169 

3  24.— 
to  69— 
to  168.. 

to  240. 

Bi... 
Ci... 
Cj... 

Cs... 

Red  stiflE  clay 

Chambers 

Light-red    friable    clay 
loam. 

Reddish-yellow,  friable, 
micaceous,  partly  de- 
composed rock. 

Disintegrated  rock. 

County,  Ala. 

8 

Cecil  clay  loam 

6  to  40.... 
40  to  60... 

B... 
Bj... 

Red,  stiff,  brittle  clay... 

Yellowish-red    friable 

clay. 
Reddish-yellow    partly 

decomposed  rock. 
Gray  disintegrated  rock. 

Gneiss 

Rutherford 
County,  N.  C 

60  to  84... 
84+ 

Ci... 

c... 

4 

Cecil  clay  loam.... 

0  to  5 

A... 

Reddish-brown     clay 

loam. 
Red,  stiff,  brittle  clay... 
Brownish-red,     friable, 

partly    decomposed 

rock. 
Gray,  soft,  disintegrated 

rock. 
Soft  rock 

do 

Do. 

6  to  36.... 
72  to  96... 

Bi... 

c... 

96  to  112.. 

C2... 

Ashe  loam 

Louisa  sandy  clay 
loam. 

112+ 

0to6 

6  to  30.... 
36+ 

30  to  40... 

Ci... 

A... 

B... 
B... 

B... 

Gneiss 

6 

Grayish-brown  loam 

Yellow  friable  clay 

Bedrock... 

Buncombe 
County,  N,  C. 

6 

Red     micaceous     clay 
loam. 

Spartanburg 

County,  S.  C. 

7 

Cecil   fine   sandy 
loam. 

61  to  82... 

B,..- 

Red  friable  clay  loam . .- 

Mica  schist  - 

Do. 

138  to  158- 

c... 

Yellowish-brown  partly 
decomposed  rock. 

8 

Cecil  sandy  clay 
loam. 

H  to  4..... 
17  to  22... 
86  to  108.. 
180  to  198. 

A... 
B... 

c... 

C... 

Reddish-brown    loamy 
fine  sand. 

Red  friable  fine  sandy 
clay. 

Yellowish-red  partly  de- 
composed rock. 

Grayish-brown    disinte- 
grated rock. 

do 

De  Kalb  County, 
Ga. 

9 

Madison    sandy 

loam. 
Madison  gravelly 

sandy  loam. 
Madison  gravelly 

loam. 

7  to  18.... 
18  to  30... 
30+ 

Bi... 
Bj... 
C... 

Red,  stiff,  brittle  clay... 

Light-red  friable,  mica- 
ceous clay. 

Purplish  partly  decom- 
posed rock. 

Quartz  mica 
schist. 

Lamar  County, 
Ga. 

10.... 

Qeorgeville    silty 
clay  loam. 

6  to  34.... 

34  to  48... 

B.... 

B2... 

Deep-red  silty  clay 

Light-red    friable    silty 
clay. 

Purplish  partly  decom- 
posed rock. 

Carolina 

slate. 

Northampton 
County,  N,  C. 

48  to  60... 

C... 

11.... 

Manor  loam 

H 
18 
32 

to8-.- 
to  28— 
to  60... 

A... 

B... 
0... 

Light-brown    mellow 
loam. 

Brownish-yellow  friable 
clay  loam. 

Light-brown  partly  de- 
composed rock. 

Mica  schist.. 

Harford  County, 
Md. 
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Table  2. — Description  of  soil  aampleg — CJontinued 


Pro- 

file 
No. 

Sou  type 

Depth 

Hori- 
zon 

Description 

Parent  rock 

Location 

12.... 

Manor  loam 

Inehet 
8  to  16-... 

60  to  72... 

72+ 

B... 
C... 

Yellowish-brown     clay 

loam. 
Grayish-yellow     partly 

decomposed  rock. 
Bedrock 

Mica  schlst- 

Distiict  of  Colum- 
bia. 

18.... 

Manor  loam 

0to7 

A... 

Light-brown  micaceous 
loam. 

do 

Montgomery 
County,  Md. 

14-... 

Chester  loam 

12  to  18— 

B... 

Brown  friable  clay 

do 

Arlington  County, 
Va. 

30  to  36— 
45+ 

Ci.. 
Ci.. 

Yellowish-brown  friable 
micaceous  clay  loam. 

Yellow    partly   decom- 
posed rock. 

16.... 

Chester  loam 

18+ 

0... 

Yellowish-red     friable 
micaceous  loam. 

Gneiss 

Carroll  County, 
Md. 

16.... 

Durham      sandy 
loam. 

0  to  7 

A... 

Light-gray  loose  sandy 

loam. 
Light,  mottled,  yellow- 

Granite 
gneiss. 

De  Kalb  County, 
Ga. 

19  to  36... 

B... 

ish-brown  sandy  clay 

loam. 
Mottled   yellowish-red, 

yellow,  and  gray  partly 

decomposed  rock. 
Very  light-gray  slightly 

decomposed  rock. 

do- 

Bedrock- 

51  to  73... 

91  to  102. 

103  to  110. 
110+ 

C. 

C».. 
C^.. 

17.... 

CecU  clay  loam.... 

10to42... 
43  to  90... 
91tol80.- 

253  to  278. 

B,.. 
B,.. 
Ci.. 

C».. 

Red  friable  clay  loam 

do 

Keddish-yellow    friable 
loam. 

Light-gray,    partly   de- 
composed rock. 

Granite 

Troup  County,  Oa. 

18.... 

Cecil  clay  loam... 

40  to  65... 
65  to  100.- 

150+ 

c. 

Ci.. 

Pale-reddish  clay  loam . . 

Pinkish-brown    decom- 
posed rock. 

Grayish  freshly  decom- 
posed rock. 

Gneiss 

Hall  County,  Ga. 

19...- 

Cecil  sandy  loam.. 

151  to  270- 

Light-gray  disintegrated 
rock. 

Granite 

Anderson  County, 
S.  C. 

20.... 

Appling      sandy 
loam. 

10  to  20... 
20  to  40... 

40  to  60... 

Bi.- 
Bi- 

Ci.- 

Reddish-yellow,     stiff, 

brittle  clay. 
Mottled  reddish-yellow 

and    light-red,    stiff, 

brittle  clay. 
Yellow,   friable,   partly 

decomposed  rock. 

Gneiss 

21.... 

Talladega  loam... 

1  to  5 

A„ 

Reddish-brown  micace- 
ous loam. 

Mica  schist 

Polk  County,  N.C. 

With  the  exception  of  a  few  taken  especially  for  this  investigation, 
the  samples  described  in  Table  2  were  selected  from  the  collection  of 
profile  samples  of  the  Division  of  Soil  Survey.  Thanks  are  due  W.  E. 
Hearn  and  M.  Baldwin  for  the  special  samples.  For  certain  phases 
of  this  investigation  it  was  sufficient  to  examine  only  one  or  two  hori- 
zons of  a  profile,  but  for  study  of  the  changes  in  mica  that  accompany 
soil  development  three  or  more  horizons  of  each  profile  were  examined. 
The  profiles  selected  for  obtaining  data  regarding  the  alteration  and 
loss  of  mica  during  soil  development  seemed  well  adapted  for  the 
purpose.  So  far  as  could  be  judged  by  color,  texture,  and  general 
field  appearance  the  profiles  were  normally  developed  and  had  not 
recently  been  disturbed.  It  is  presumed  that  they  were  formed  from 
homogeneous  parent  rocks,  but  of  course  this  is  by  no  means  certain. 
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The  samples  of  mica  isolated  from  the  soil  or  parent  material  con- 
tained small  quantities  of  other  minerals  and  colloidal  material  which 
could  not  readily  be  removed.  These  impurities  and  the  proportions 
of  muscovite  to  biotite  were  estimated  petrographically.  The  samples 
were  analyzed  by  the  fusion  method,  and  the  actual  composition  of 
the  pure  mica  was  then  found  by  correcting  the  analyses  for  the  con- 
stituents of  contaminating  minerals  and  colloidal  material.  The 
compositions  of  the  minerals  employed  in  this  correction  were  ob- 
tained by  averaging  analyses  given  by  Dana  (4).  Colloidal  material 
present  in  the  mica  samples  was  assumed  to  have  the  same  composi- 
tion as  colloidal  material  from  the  same  or  related  soils. 

The  compositions  of  the  pure  micas  which  were  obtained  in  this 
way  are  given  in  Table  3.  For  convenience  of  comparison,  the  aver- 
age compositions  of  fresh  muscovite  and  biotite  are  included  in  this 
table.  The  composition  given  for  muscovite  is  the  average  of  75 
analyses  assembled  by  Boeke  (^),and  that  given  for  biotite  represents 
the  average  of  35  analyses  selected  by  Winchell  {17)} 

J  Doelter  (5)  has  assembled  a  greater  number  of  analyses  of  both  rnuscovite  and  biotite,  but  some  of 
these  are  considered  by  Boeke  and  by  Winchell  as  of  doubtful  value.  Doelter's  analyses,  however,  average 
about  the  same  as  those  selected  by  Boeke  and  by  Winchell. 
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It  is  apparent  that  the  micas  isolated  from  the  soil  proper  and 
from  the  weathered  parent  material  are  very  different,  with  respect 
to  certain  constituents,  from  the  average  fresh  muscovite  or  biotite, 
and  different  also  from  the  mica  in  the  bedrocks  of  profiles  Nos.  1,  5, 
and  12.  The  potash  content  of  the  soil  mica  is  in  general  much 
lower  than  that  of  either  unweathered  muscovite  or  biotite;  in  fact, 
in  a  few  samples  potash  is  almost  absent.  Combined  water,  on  the 
other  hand,  is  se^veral  times  greater  in  the  soil  micas  than  in  either 
fresh  muscovite  or  biotite.  Magnesia  is  very  low  in  samples  made 
up  almost  exclusively  of  biotite.  Iron,  it  will  be  seen,  is  almost 
completely  oxidized  in  the  mica  isolated  from  the  upper  soil  horizons, 
whereas  fresh  muscovite  and  biotite  contain  iron,  predominantly  in 
the  ferrous  form.^ 

These  differences  between  the  soil  micas  and  the  average  fresh 
biotite  and  muscovite  are  evidently  not  due  to  the  fact  that  the  soil 
micas  are  made  up  of  variable  proportions  of  biotite  and  muscovite. 
Fresh  biotite  and  muscovite  contain  approximately  the  same  per- 
centage of  potash,  both  are  low  in  combmed  water,  and  neither  con- 
tains ferric  iron  in  large  quantities.  Furthermore  the  differences 
between  the  soil  micas  and  the  average  fresh  mica  seem  too  large 
and  too  consistent  to  be  explained  on  the  ground  that  the  soil  micas 
originated  from  fresh  biotites  and  muscovites  that  were  very  different 
in  composition  from  the  average.  The  most  probable  explanation 
of  the  differences  is  that  they  were  produced  by  weathering.  Table 
3  thus  gives  qualitative  evidence  that  the  soil  micas  as  a  whole  have 
been  altered  in  potash,  combined  water,  magnesia,  and  in  oxidation 
of  iron. 

Although  the  soil-mica  samples  as  a  group  are  obviously  altered 
in  the  four  constituents  mentioned,  a  further  consideration  of  the 
data  is  needed  to  show  the  extent  of  alteration  in  these  constituents. 
Also  something  more  than  a  mere  inspection  of  the  data  is  needed 
to  show  whether  differences  between  the  soil  and  fresh  micas  in 
silica,  alumina,  and  total  iron  are  significant  of  changes  in  composi- 
tion. Before  positive  conclusions  are  drawn  as  to  the  differences 
that  may  be  attributed  to  alteration  and  the  differences  that  should 
be  allowed  for  chance  variations  in  the  two  kinds  of  mica,  it  is  neces- 
sary to  consider  variability  in  composition  of  the  fresh  micas,  varia- 
bility of  the  soil  micas,  and  the  magnitude  of  the  differences  between 
these  two  groups.  These  three  factors  are  given  due  weight  in 
calculations  of  mean  differences,  together  with  the  probable  errors 
of  the  differences. 

Accordingly,  the  mean  difference  between  all  soil  micas  and- corre- 
sponding mixtures  of  fresh  biotite  and  muscovite  and  the  probable 
error  of  the  difference  were  computed  for  each  of  the  six  major 
constituents,  Si02,  total  iron  as  FeO,  AI2O3,  MgO,  K2O,  and  H2O. 
The  results  of  the  calculation  indicate  only  whether  alteration  occurs 
in  the  whole  group  of  soil  micas.  This  group  contains  muscovite 
and  biotite  mixed  in  all  proportions;  hence  alteration  in  the  group 
could  be  produced  by  alteration  of  either  one  or  both  micas.  To 
ascertain  whether  alteration  should  be  ascribed  to  muscovite,  cal- 
culations were  made  of  the  mean  differences  between  fresh  muscovite 
and  a  group  of  nine  soil  micas  which  were  considered  pure  muscovite. 

>  Although  FeO  was  not  determined  in  most  of  the  A-horizon  micas,  because  of  the  interference  of  or- 
eanic  matter,  the  assumption  that  iron  is  completely  oxidized  in  these  horizons  is  Justified  by  the  very 
km  contents  of  FeO  in  the  next  lower  horizons. 
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The  group  averaged  95  per  cent  muscovite,  and  no  sample  contained 
less  than  80  per  cent  of  this  form  of  mica.  A  similar  calculation 
made  for  15  samples  of  nearly  pure  soil  biotite  indicates  whether 
biotite  is  also  altered. 

A  method  ^  of  computing  probable  error  which  seemed  applicable 
to  this  type  of  problem  was  suggested  by  F.  D.  Richey,  of  the  office 
of  cereal  crops  and  diseases,  Bureau  of  Plant  Industry.  The  authors 
wish  to  express  their  appreciation  to  Mr.  Richeji  for  his  valuable 
assistance  and  cooperation.  The  results  of  the  calculations  are  given 
in  Table  4. 

Table  4. — Average  amounts  by  which  soil  micas  exceed  or  fall  below  fresh  micas 
in  various  constituents  and  the  probable  errors  of  the  mean  differences 

(Results  expressed  as  percentages  of  sample) 


Data  obtained  from— 

SiOj 

FesOs+FeO 
as  Feo 

AljOs 

MgO 

K2O 

H2O 

All  samples  analyzed  > — 
Biotite  samples  ^         . 

Per  cent 
+3. 3±0.  57 
+4.  8±0. 80 
+1.  2±1.  02 

Per  cent 
-3.  5±0.  97 
-5.  8dbl.  67 
-0.  4±0.  82 

Per  cent 
+5.  0±0.  73 
+9.  1±0.  75 
+0.  2±1. 19 

Per  cent 
-4.  8±0.  80 
-7.  5±1.  33 
-1.  1±0.  49 

Per  cent 
-3.  7±0.  23 
-4.  4±0.  28 
-3.  1±0.  42 

Per  cent 
+4.  6±0.  28 
+6.  7±0.  36 

Muscovite  samples  » 

+3.  3±0.  43 

1  Results  for  K2O  and  H2O  based  on  52  analyses  and  for  other  constituents  on  32  analyses. 

1  Results  for  all  constituents  based  on  15  analyses. 

*  Results  for  K2O  and  H2O  based  on  22  analyses  and  for  other  constituents  on  9  analyses. 

It  is  apparent  that  the  samples  of  soil  muscovite  as  a  group  are 
much  lower  in  potash  and  higher  in  water  than  average  fresh  musco- 
vite. With  respect  to  the  other  constituents,  namely  sihca,  total 
iron,  alumina,  and  magnesia,  the  groups  of  fresh  muscovite  and  soil 
muscovite  are  practically  identical;  the  differences  shown  for  these 
constituents  are  small  and  in  most  cases  are  less  than  their  probable 
errors.  The  group  of  soil-biotite  samples,  on  the  other  hand,  differs 
from  the  fresh  biotite  group  in  all  constituents,  the  increased  per- 
centages of  alumina  and  water  and  the  decreased  percentages  of 
magnesia  and  potash  being  especially  pronounced.  The  increase  in 
silica  and  decrease  in  iron,  although  less  marked,  are  still  significant. 
The  differences  shown  by  ''all  samples  analyzed,"  which  include 
samples  of  muscovite,  biotite,  and  of  the  mixed  micas,  are,  as  would 
be  expected,  intermediate  between  the  differences  shown  by  the 
muscovite  and  biotite  samples. 


*  The  following  is  Mr.  Richey's  description  of  the  method  used  in  calculating  the  probable  error.  "In 
computing  the  probable  errors  for  the  mean  differences  between  the  soil  micas  and  the  fresh  micas  it  i^ 
necessaryto  take  into  consideration  the  variations  in  the  fresh  micas,  the  variations  in  the  soil  micas,  and 
the  correlation  between  the  two  series. 

"The  variance  (squared  standard  deviation)  for  each  computed  value  for  fresh  mica,  tfV-  was  taken  to 
be  the  weighted  mean  of  the  variances  for  biotite  (S^b)  and  muscovite  (S'm),  the  weighting  being  accord- 
ing to  the  proportions  of  biotite  and  muscovite.  Thus  the  variance  for  the  computed  value  of  a  sample  of 
fresh  mica  with  43  per  cent  of  biotite  and  67  per  cent  of  muscovite  would  be: 

tfV=0.43  <r»B+0.57  tf»Af 

"The  mean  of  the  variances  so  computed  (<rV)  gives  an  estimate  of  the  variation  that  might  be  expected 
in  a  series  of  actual  samples  of  fresh  mica  similar  in  biotite  and  muscovite  content  to  the  series  of  computed 
values. 

"The  successive  differences  between  the  individual  samples  of  soil  mica  and  the  computed  values  for 
samples  of  fresh  mica  containing  the  same  proportions  of  biotite  and  muscovite  were  determined.  The 
variance  of  these  differences  ff^n,  measures  the  variation  of  the  differences  between  the  soil  mica,  and  the 
straight  line  trend  of  the  computed  values  for  fresh  mica,  the  effects  of  correlaticn  thereby  being  eliminated. 

"The  sum  of  these  variances,  ^V+<?'/),  affords  a  reasonable  basis  for  computing  a  probable  error  for 
the  differences  between  the  computed  composition  of  fresh  micas  and  the  analyses  of  the  soil  micas.  The 
probable  error  for  the  mean  of  d  such  differences  is: 


±0.6745 


V 


<rv+<y>i>' 
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The  differences  that  have  been  pointed  out  as  significant — in  the 
case  of  muscovite,  an  increase  in  the  percentage  of  water  and  a  de- 
crease in  the  percentage  of  potash  and  in  the  case  of  biotite,  increased 
percentages  of  water,  alumina,  and  sihca  and  decreased  percentages  of 
potash,  magnesia,  and  total  iron — are  certainly  not  due  to  chance 
variation  in  random  sampling.  These  differences  range  from  3}^  to  20 
times  their  respective  probable  errors  and  correspond  to  odds  from 
40  to  1  to  millions  to  1  against  the  differences  being  due  to  chance. 
Moreover,  the  individual  differences  were  preponderantly  in  one 
direction,  which  gives  even  higher  certainties  of  the  differences  being 
significant. 

Although  the  results  of  Table  4  show  with  certainty  the  constitu- 
ents in  which  there  are  significant  differences,  they  do  not  show  with 
the  same  certainty  the  exact  extent  of  these  differences.  In  the  case 
of  K2O,  for  instance,  where  the  average  difference  between  soil 
muscovite  and  fresh  muscovite  is  3.7  ±  0.23  per  cent,  the  chance  that 
there  is  a  significant  difference  is  infinitely  great,  since  the  difference 
is  16  times  its  probable  error.  The  chances,  however,  are  only  even 
that  the  true  value  of  the  difference  lies  within  the  limits  of  the 
probable  error,  namely,  between  3.47  and  3.93  per  cent.  But  it  is 
practically  certain  that  the  true  average  difference  lies  between  the 
limits  set  by  three  times  the  probable  error;  namely,  betw^een  3.01 
and 4.39  percent.^ 

Inasmuch  as  these  differences  are  obviously  not  due  to  variations 
encountered  in  random  sampling,  it  would  seem  that  they  should  be 
attributed  to  partial  alteration  of  the  soil  micas.  Further  considera- 
tion is  given  to  this  conclusion  in  the  section  on  ''Alteration  of  mica 
particles  differing  in  clearness  of  interference  figure;"  but  for  the 
present  it  may  be  accepted  without  further  proof. 

DIFFERENCES  IN  COMPOSITION  OF  MICA  PARTICLES  AS  RELATED 

TO  SIZE 

The  data  regarding  alteration  that  have  been  discussed  apply  with 
certainty  only  to  the  average  particle  in  the  groups  of  soil  mica  samples 
rather  than  to  all  the  particles.  Unless  all  the  particles  are  uniform  in 
composition  they  can  not  all  have  been  altered  to  the  extent  indicated 
by  the  analyses.  It  is  very  important  to  know  in  connection  with 
questions  arising  in  further  discussion  whether  all  the  particles  in  any 
one  sample  are  alike  in  composition.  For  instance,  certain  samples 
of  muscovite  are  so  high  in  potash  that  it  would  seem  that  they  have 
not  been  altered  at  all.  The  question  arises  w^hether  in  the  horizons 
or  profiles  from  which  the  samples  were  isolated  the  conditions  are 
such  that  muscovite  is  not  altered.  If  all  the  particles  are  of  the  same 
composition  as  the  whole  sample,  this  would  appear  to  be  the  case. 
If,  however,  many  particles  are  much  lower  in  potash  than  others,  it 
would  appear  that  alteration  does  take  place  in  the  horizon  or  profile, 
but  that  it  has  progressed  in  the  average  particle  to  only  a  slight 
extent. 

The  appearance  of  individual  particles  under  the  microscope  indi- 
cates that  different  degrees  of  alteration  may  be  represented  in  the 
same  sample,  since  the  interference  figures  are  much  sharper  in  some 

*  A  difference  of  three  times  the  probable  error  gives  odds  of  something  over  30  to  1,  which  is  usually  co»- 
Bldored  to  represent  practical  certainty. 
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particles  than  in  others.  It  was  thought  that  more  conclusive  evi- 
dence regarding  uniformity  might  be  obtained  by  separating  some  of 
the  mica  samples  into  fractions  of  different-sized  particles.  If  the 
particles  are  not  uniform,  it  would  seem  that  the  smaller  particles 
should  show  greater  alteration  than  the  larger  ones.  Accordingly, 
several  samples  of  soil  muscovite  and  biotite  were  separated  by 
sieving  into  coarse  and  fine  fractions.  The  coarse  fractions  contained 
particles  larger  than  0.25  millimeter,  and  the  fine  fractions  contained 
particles  about  0.07  millimeter  in  diameter,  except  in  the  case  of  the 
two  samples  from  Cecil  profile  No.  8.  Here,  the  coarse  fractions  con- 
tained particles  above  0.67  millimeter  and  the  fine  fractions  particles 
between  0.07  millimeter  and  about  0.005  millimeter.  These  fine 
fractions  were  not  obtained  by  sieving  samples  of  previously  isolated 
mica;  they  were  the  silt  fractions  of  the  whole  soils.  As  it  happened 
these  fractions  were  made  up  chiefly  of  mica  with  some  quartz.  The 
analysis  of  the  whole  sample  corrected  for  the  quartz  present  gave  the 
composition  of  the  mica.  Combined  water  and  potash  were  deter- 
mined in  the  fractions.     The  results  are  given  in  Table  5. 

Table  5. — Potash  and  combined  water  in  coarse  and  fine  fractions  of  soil  mica 


Soil  series  from  which  mica  was 
isolated 

Depth  of 
horizon 

Propor- 
tion of 
musco- 
vite to 
biotite 

K20» 

HjOi 

Profile 
No. 

Coarse 
frac- 
tion 

Fine 
frac- 
tion 

Coarse 
frac- 
tion 

Fine 
frac- 
tion 

2* 

Cecil                                           

Inches 
60  to  168. - 
169  to  240.. 
60  to  84... 
30  to  40... 
18  to  30... 
48  to  60... 

8  to  15 

30  to  36... 
65  to  100.. 
86  to  108.. 
180  to  198.. 

Per  cent 
11:89 
14:86 
12:88 
0:100 
100:0 
98:2 
72:28 
78:22 
88:12 
60:40 
56:44 

Per  cent 
4.2 
4.6 
3.3 
4.3 
9.4 
9.5 
7.5 
7.7 
5.2 
2.1 
2.9 

Per  cent 
2.4 
2.0 
1.1 
2.0 
7.0 
5.0 
6.1 
6.0 
2.7 
0.8 
1.4 

Per  cent 
8.4 
8.2 
10.6 
9.5 
4.8 
6.5 
6.3 
6.7 
10.6 
10.9 
9.4 

Per  cent 
9  7 

2 

3 

do 

do 

11.1 
12  0 

6 

Louisa 

11  8 

9> 

5.7 

10 

Georgeville . .  . 

4.4 

12 

Manor 

4.7 

14 

Chester 

6.6 

18 

Cecil                         

9  1 

8* 

8 

do 

.do 

15.1 
15.9 

1  Determinations  by  O.  J.  Hough  and  O.  Edgington. 
»  Samples  2,  3,  and  6  predominantly  biotite. 
»  Samples  9,  10,  12,  14,  and  18  predominantly  muscovite. 
*  Samples  8  of  mixed  micas. 

It  is  evident  from  Table  5  that  the  fine  fractions  of  biotite  contain 
only  about  one-half  as  much  potash  as  the  coarse  fractions,  and 
appreciably  more  combined  water.  The  fine  fractions  of  muscovite 
are  significantly  lower  in  potash  than  the  coarse  fractions,  but  the 
water  content  is  irregular.  It  thus  appears  that  different  mica  par- 
ticles in  the  same  sample  vary  considerably  in  the  extent  to  which 
they  are  altered,  the  fine  particles  being  altered  more  than  the  larger. 

In  view  of  this  conclusion,  it  would  seem  that  the  very  fine  mica 
which  could  not  readily  be  isolated  from  the  soil  by  the  procedure 
followed  is  lower  in  potash  and  is  probably  altered  more  in  other 
constituents  than  the  mica  which  was  isolated.  It  follows,  therefore, 
that  the  samples  of  mica  are  by  no  means  representative  of  all  of 
the  mica  in  the  soils  from  which  they  were  isolated,  although  there  is 
httle  doubt  that  they  do  represent  all  of  the  mica  in  the  soils  composed 
of  particles  of  upper  silt  and  sand  sizes. 
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It  might  also  be  concluded  that  even  those  samples  of  isolated 
soil  mica  which  have  compositions  similar  to  fresh  mica  are  altered 
to  some  extent.  The  alteration  may,  however,  be  confined  to  the 
finer  particles. 

ALTERATION    IN    PARTICLES    DIFFERING    IN    CLEARNESS    OF     THE 
INTERFERENCE    FIGURE 

The  mica  particles  as  a  group  have  been  seen  to  differ  significantly 
in  composition  from  fresh  mica,  the  differences  having  been  ascribed 
to  alteration.  There  is  a  possibiUty,  however,  that  these  differences 
might  not  be  due  to  alteration.  Many  samples,  as  was  mentioned 
on  page  5,  contained  particles  which  were  micaceous  in  appearance 
but  which  could  not  with  certainty  be  identified  as  mica  because  of 
the  absence  of  an  interference  figure.  These  particles  seemed  to  be 
highly  altered  mica,  but  since  they  could  not  be  positively  identified 
as  such  it  is  possible  that  they  might  have  originated  not  from  mica 
but  from  other  minerals.  The  question  then  arises,  might  not  the 
samples  be  made  up  simply  of  fresh,  unaltered  mica  particles  and  of 
indeterminate  particles  derived  from  some  other  mineral?  The 
indeterminate  particles  might  have  a  composition  so  different  from 
mica  that  their  presence  in  the  samples  would  produce  the  changes 
in  composition  that  have  been  attributed  to  alteration. 

It  was,  of  course,  necessary  to  test  this  hypothesis,  although  the 
appearance  of  the  mica  particles  indicated  that  it  was  incorrect. 
The  distinctively  mica  particles  did  not  all  have  the  appearance  of 
fresh  mica,  and  progressive  variations  were  shown  in  refractive  index, 
birefringence,  and  distinctness  of  the  interference  figure  between 
fresh  mica  and  the  so-called  indeterminate  material.  Such  varia- 
tions in  the  optical  characteristics  of  particles  positively  identified 
as  mica  were  suggestive  of  chemical  alteration.  In  order,  however, 
to  be  more  certain  that  chemical  alteration  had  occurred,  it  was 
desirable  to  gain  an  idea  of  the  compositions  of  particles  which  varied 
in  their  optical  characteristics. 

It  did  not  seem  possible  to  make  a  perfect  separation  of  l^he  differ- 
ent kinds  of  particles.  However,  it  was  possible  to  prepare  fractions 
in  which  particles  having  distinct,  blurred,  very  blurred,  or  indeter- 
minate interference  figures  predominated.  By  comparing  the  com- 
positions of  such  fractions  some  idea  was  obtained  as  to  the  com- 
position of  these  kinds  of  particles. 

This  partial  separation  was  possible  because  there  seemed  to  be  a 
relation  between  the  rate  of  settling  of  mica  particles  from  water 
and  the  degree  of  blurring,  the  more  highly  blurred  particles  requiring 
a  greater  time  for  settling  than  the  more  distinct.  The  separation 
was  made  as  follows :  A  5-gram  sample  of  mica,  to  which  a  few  cubic 
centimeters  of  water  had  been  added,  was  rubbed  for  a  few  minutes 
with  a  rubber-tipped  pestle.  The  material  was  transferred  to  a 
glass  cylinder,  water  was  added  to  a  height  of  15  centimeters,  and  the 
suspension  was  decanted  almost  immediately.  The  material  left 
in  the  cylinder  was  resuspended  and  decanted  until  microscopic 
observation  showed  that  it  was  made  up  largely  of  distinct  particles. 
The  blurred,  very  blurred,  and  indeterminate  fractions  were  prepared 
from  the  decanted  material  in  a  similar  manner,  except  that  a  longer 
settling  was  allowed  for  each  successive  fraction,  sometimes  30 
minutes  for  the  indeterminate  fraction. 
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The  percentages  of  the  different  kinds  of  particles  in  each  fraction 
were  estimated  petrographically.  The  criteria  used  in  identifying 
the  different  particles  were  as  follows :  Particles  which  were  classified 
as  distinct  showed  a  sharply  defined  interference  figure.  In  the  blurred 
particles  the  two  hyperbolas  forming  the  interference  figure  were 
blurred  but  showed  complete  separation  at  all  points  (except  at  the 
foci,  in  the  case  of  biotite)  as  the  stage  was  rotated.  The  very  blurred 
particles  showed  a  vaguely  outlined  figure.  The  indeterminate 
particles  either  showed  no  figure  whatever  or  a  figure  too  vague  to 
permit  of  identification  of  the  material.  The  quantities  of  the 
different  particles  in  a  fraction  were  estimated  by  measuring  areas. 
About  100  particles  were  measured  in  each  sample.  Since  prelimi- 
nary measurements  showed  that  the  various  groups  of  particles  aver- 
aged about  the  same  in  thickness,  and  since  it  may  be  assumed  that 
the  particles  in  each  group  had  about  the  same  specific  gravity,  it 
follows  that  the  percentage  of  the  total  surface  exposed  by  each 
type  of  particle  should  correspond  roughly  to  percentage  by  weight. 

Four  samples  of  soil  mica — two  of  biotite  and  two  of  muscovite — 
were  each  separated  into  four  fractions;  the  percentages  of  the  different 
kinds  of  particles  in  each  fraction  were  estimated;  and  the  samples 
were  analyzed  for  potash  and  water.     The  data  are  given  in  Table  6. 

Table  6. — Relation  between  K2O  and  H2O  contents  of  muscovite  and  biotite  samples 
and  blurring  of  the  interference  figure 


Description  of  sample 


K2O1 


H2O1 


Percentage  of  each  type  of  particle  in 
the  sample 


Distinct 


Blurred 


Very 
blurred 


Indeter- 
minate 


Muscovite  isolated  from  profile  No.  20, 

Appling  series,  20  to  40  inches 

Fraction  of  this  sample. 

Do 

Do. 

Do.... 

Muscovite  isolated  from  profile  No.  11, 

Manor  series,  32  to  50  inches 

Fraction  of  this  sample 

Do 

Do 

Do 

Biotite  isolated  from  profile  No.  6,  Louisa 

series,  30  to  40  inches 

Fraction  of  this  sample 

Do 

Do 

Do .- 

Biotite  isolated  from  profile  No.  2,  Cecil 

series,  60  to  168  inches.. 

Fraction  of  this  sample 

Do 

Do - 

Do 


Per 


cent 
2.6 
8.5 
7.3 

.7 


6.7 
7.7 
4.3 
3.3 


3.8 
3.8 
3.5 
2.9 
3.2 

3.9 
4.6 
5.0 
4.1 
2.3 


Per 


cent 
9.9 


14.8 
13.3 

6.3 
5.6 
9.1 
11.4 
8.3 

10.2 
9.6 
10.8 
12.2 
11.2 


10.0 
12.3 


Per  cent 
23.2 
52.2 
37.0 

0 

0 

77.9 
93.4 

4.9 

0 

0 

26.2 
37.2 

0 

0 

0 

51.7 
68.5 
13.5 
4.6 
15.3 


Per  cent 
35.9 
30.9 
40.6 
6.3 
14.7 

16.2 
4.3 
74.7 
20.6 
28.2 

51.4 
54.1 
56.7 
19.3 
0 

38.0 
26.5 
74.2 
30.9 
7.0 


Per  cent 
26.6 
11.5 
13.3 

44.8 
35.8 


12.4 
63.1 
26.9 

13.6 
7.2 
33.9 
63.7 
19.6 

7.0 
4.7 
8.2 
58.1 
10.2 


Per  cent 

14.3 

5.4 

9.1 

48.9 

49.9 

2.0 
1.7 
7.9 
16.0 
44.9 

8.7 
1.5 
9.4 
17.0 
80.4 

3.3 

.3 

4.1 

6.4 

67.5 


»  Determinations  by  G.  J.  Hough. 

That  chemical  alteration  is  associated  with  blurring  of  the  inter- 
ference figure  is  immediately  apparent  from  the  data  of  Table  6. 
Those  samples  and  fractions  which  contain  the  least  potash  and  the 
most  water  are  composed  predominantly  of  very  blurred  and  indeter- 
minate particles.  Where  chemical  alteration  is  less  marked  most  of 
the  particles  are  distinct  or  blurred.  This  relation  is  especially  pro- 
nounced in  the  case  of  the  muscovite  fractions.     The  biotite. fractions 
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show  comparatively  small  differences  in  potash  and  water,  but  the 
differences  correlate  fairly  well  with  the  degree  of  blurring.  It  is  of 
particular  significance  that  marked  alteration  is  evident  in  many 
muscovite  and  biotite  fractions  in  which  the  quantities  of  indeter- 
minate particles  are  so  small  that  they  could  have  only  a  negligible 
influence  on  the  composition  of  the  fractions.  Consequently  the 
remaining  particles — the  distinct,  blurred,  and  very  blurred  par- 
ticles— which  are  obviously  mica  in  their  optical  properties,  must,  as 
a  ^roup,  be  considerably  altered.  These  facts  dispose  of  the  hypoth- 
esis previously  mentioned,  that  the  alteration  of  the  mica  samples 
might  be  only  apparent  in  that  the  samples  might  be  made  up  simply 
of  fresh  mica  particles  and  of  indeterminate  particles  derived  from 
some  other  mineral. 

A  fairly  definite  idea  of  the  extent  to  which  the  distinct,  blurred, 
very  blurred,  and  indeterminate  particles  have  been  altered  was 
obtained  by  calculating  from  the  data  of  Table  6  the  most  probable 
potash  content  of  each  kind  of  particle.  In  accordance  with  the 
method  of  least  squares,  a  series  of  10  observation  equations  was 
written  for  muscovite  and  a  similar  series  for  biotite  by  equating  the 
sum  of  the  percentages  of  the  difi'erent  types  of  particles  found  in 
each  fraction  to  the  percentage  of  potash  present.  The  values  for 
potash  in  distinct,  blurred,  very  blurred,  and  indeterminate  particles 
which  best  satisfied  each  series  of  equations  were  then  calculated, 
together  with  their  probable  errors,  according  to  methods  given  by 
Merriman  {14)-     These  data  are  given  in  Table  7. 

Table  7. — Potash  content  of  particles  of  soil  muscovite  and  biotite,  showing  inter- 
ference figures  of  various  degrees  of  distinctness 


Appearance  of  interference  figure 

Percentage  of  potash 
in- 

Muscovite 

Biotite 

Distinct 

Per  cent 
8.  6±0.  9 
5.  7±1.  3 
2.  6±2.  0 

-0.  5±2.  2 

Per  cent 
4  6±0  6 

Blurred                 ...                 ... 

4  ^±0  5 

Very  blurred 

3. 2±0.  6 

Indeterminate ._.. .— .  .    .       ^ 

2  2±0. 5 

Although  large  probable  errors  are  associated  with  these  calculated 
values  for  potash,  it  is  apparent  that  there  is  a  general  decrease  in 
potash  from  the  distinct  to  the  indeterminate  group.  A  series  of 
values  calculated  for  combined  water  would  show  a  similar  progression 
except  that  the  values  would  follow  the  reverse  order.  It  may  be 
concluded,  therefore,  that  .the  mica  samples  are  made  up  primarily 
of  mica  particles  which  show  widely  varying  degrees  of  alteration. 
The  fact  that  a  correlation  between  optical  properties  and  chemical 
composition  extends  without  obvious  break  from  distinct  to  inde- 
terminate particles  affords  some  evidence  that  the  so-called  "indeter- 
minate" particles  may  be  merely  highly  altered  particles  of  mica. 

It  is  apparent  from  the  magnitudes  of  the  probable  errors  given  in 
Table  7  that  particles  showing  the  same  degree  of  blurring  vary 
considerably  in  content  of  potash,  especially  the  muscovite  samples. 
This  observation  is  also  borne  out  by  the  data  of  Table  6.     For 
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example,  in  those  fractions  from  the  Appling  soil  which  contain 
0.6  and  0.7  per  cent  of  potash  the  very  blurred  paj-ticles  could  not 
contain  over  1.5  per  cent  K2O.  However,  in  that  fraction  from  the 
Manor  soil  containing  3.3  per  cent  K2O,  the  very  blurred  particles 
probably  contain  about  3  per  cent  K2O.  Such  variability  may  be 
due  in  part  to  differences  in  distribution  within  a  group  of  particles 
varying  somewhat  in  distinctness  of  their  interference  figures,  and, 
consequently,  in  percentage  of  potash.  It  also  may  be  due  in  part 
to  variations  in  the  compositions  of  the  fresh  micas  from  which  the 
particles  were  derived. 

A  feature  of  the  data  not  so  readily  explained  is  the  fact  that  parti- 
cles of  biotite  which  show  a  distinct  interference  figure  contain  hardly 
more  than  one-half  the  potash  normally  present  in  fresh  biotite.  It 
is  surprising  that  the  appearance  of  the  interference  figure  of  such 
particles  gives  no  indication  of  this  profound  alteration. 

The  correlation  obtaining  between  potash  content  and  distinctness 
of  the  interference  figure  is  of  practical  importance.  In  estimating 
the  composition  of  soils  by  the  petrographic  method  it  is  obviously 
important  that  the  altered  compositions  of  mica  particles  be  taken 
into  account.  While  the  calculated  muscovite  values  are  subject 
to  a  large  probable  error,  it  is  preferable  to  employ  these  values 
rather  than  the  average  value  for  potash  in  fresh  muscovite.  The 
biotite  values  are  less  variable  and  can  be  used  with  more  surety. 

It  seems  obvious  from  the  relations  found  between  distinctness  of 
interference  figure  and  composition  and  between  particle  size  and  com- 
position that  all  of  the  isolated  mica  samples  are  probably  altered  to 
some  extent.  Data  given  in  Tables  5  and  6  indicate  that  even  samples 
having  a  potash  content  approximately  that  of  fresh  mica  contain 
some  particles  which  are  smaller  than  others  and  some  particles  which 
have  blurred  interference  figures.  These  particles,  it  has  been  shown, 
are  lower  in  potash  than  the  larger  distinct  particles,  which  may  or 
may  not  be  altered. 

NATURE    OF   THE   ALTERATION 

Thus  far  attention  has  been  devoted  chiefly  to  the  extents  to  which 
soil  micas  differ  from  fresh  micas  in  composition.  It  has  been  shown 
that  when  muscovite  and  biotite  are  altered  in  the  soil  there  is  a  de- 
crease in  the  percentage  of  potash  and  an  increase  in  the  percentage 
of  water.  In  the  case  of  biotite  there  are  also  increases  in  silica  and 
alumina,  decreases  in  iron  and  magnesia,  and  an  oxidation  of  ferrous 
iron.  The  mechanism  of  these  changes  and  the  nature  of  the  material 
to  which  the  micas  are  altering  have  not  been  considered.  Light  on 
these  subjects,  however,  can  be  obtained  from  a  further  consideration 
of  the  data. 

Presumably  none  of  the  isolated  samples  of  soil  mica  represent  a 
definite  end  product  of  alteration,  since  preceding  data  show  that  any 
sample  may  contain  particles  altered  to  quite  different  extents.  How- 
ever, an  idea  of  the  end  products  toward  which  muscovite  and  biotite 
are  altering  can  be  calculated  from  the  changes  that  have  already 
taken  place,  if  certain  assumptions  are  made.  (1)  It  is  assumed  that 
the  end  product  of  alteration  would  be  reached  if  the  changes  apparent 
in  the  isolated  samples  were  merely  carried  further.  (2)  It  is  assumed 
that  tlie  observed  differences  in  composition  between  the  soil  micas 
and  fresh  mica  represent  the  exact  extent  of  those  changes. 
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The  soil-muscovite  samples  (those  containing  over  80  per  cent 
muscovite)  differ  from  average  fresh  muscovite  only  in  showing  a 
reduced  content  of  potash  and  an  increased  content  of  water.  The 
extent  of  these  differences  is  given  in  Table  8  for  10  samples  which 
show  evidence  of  alteration.  In  calculating  these  differences  the  10 
analyses  taken  from  Table  3  were  corrected  for  the  small  amounts  of 
biotite  present. 

Table  8. — Deviations  of  soil  muscovite  from  average  fresh  muscovite  with  resped 
to  percentages  of  potash  and  water:  Decrease  in  potash  compared  with  increase 
in  water 


Profile 
No. 

Soil  series  from  which  the  mica  was  isolated 

Depth  of 
horizon 

Decrease 
InKjO 

Increase 
in  H,0 

HtO 
K,0 

17 

Cecil 

Inches 
43  to  90 
91  to  180 
20  to  40 
40  to  60 
10  to  20 
65  to  100 
151  to  270 
40  to  65 

30+ 
18  to  28 

Per  cent 
8.9 
8.1 
6.5 
6.6 
5.4 
5.3 
6.1 
4.6 
2.3 
2.3 

Per  cent 
9.0 
7.9 
5.7 
7.4 
4.5 
6.1 
5.3 
5.5 
2.4 
2.7 

LO 

17 

do 

1.0 

20 

Appling                                                        .  . 

0.0 

20    

do 

1.3 

20 

do 

0.8 

18 

Cecil 

1.0 

19      ... 

do 

1.0 

18 

do 

1.2 

0 

Madison  _. 

1.0 

11 

Manor 

L2 

Average 

LO 

It  is  apparent  that  in  nearly  every  case  the  decrease  in  percentage  of 
potash  is  almost  equal  to  the  increase  in  percentage  of  water.  The 
most  advanced  stage  of  the  observed  type  of  alteration  would  then  be 
reached  when  the  material  no  longer  contained  any  potash.  The 
water  content  of  the  end  product  is  readily  calculated.  Since  average 
fresh  muscovite  contains  9.2  per  cent  K2O  and  4.6  per  cent  HpO  (Table 
3),  and  since  a  decrease  in  percentage  of  potash  is  accompanied  by  an 
equal  increase  in  water,  the  water  content  of  the  end  product  would 
be  13.8  per  cent.  None  of  the  soil  muscovites  differ  significantly  from 
the  fresh  material  in  percentages  of  silica  and  alumina  (Table  4);  it 
may  be  assumed,  therefore,  that  further  alteration  would  produce  no 
appreciable  changes  in  these  constituents.  The  calculated  composition 
of  completely  altered  soil  muscovite  would  then  be  Si02,  46.2  per  cent; 
AI2O3,®  35.9  per  cent;  and  H2O,  13.8  per  cent.  This  composition,  it 
will  be  noted,  is  essentially  that  of  kaolinite,  wliich  is  Si02, 46.5  per  cent; 
AI2O3,  39.5  per  cent;  and  H2O,  14.0  per  cent. 

The  product  toward  which  the  soil  biotites  are  altering  may  be 
calculated  in  a  similar  manner.  The  soil-biotite  samples,  however, 
differ  significantly  from  fresh  biotite  in  the  percentages  of  six  con- 
stituents. The  extents  of  these  differences  are  shown  in  Table  9. 
The  composition  of  soil  biotite  given  in  the  table  is  the  average  of 
15  samples  containing  80  per  cent  or  more  of  biotite,  the  whole  group 
averaging  91  per  cent  biotite.  The  compositions  of  the  samples  were 
corrected  for  the  small  quantities  of  soil  muscovite  which  they 
contained. 


•  This  value  includes  2.4  i)er  cent  FeiOi. 
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Table  9. — Comparison  of  average  compositions  of  fresh  hiotite  and  soil  biotite 


SiOj 

AI2O3 

Total  iron 
as  FeO 

MgO 

K2O 

H2O 

Average  fresh  biotite 

Per  cent 
36.2 
40.4 

Per  cent 
16.3 
26.3 

Per  cent 
18.4 
11.9 

Per  cent 
12  A 
4.2 

Per  cent 
8.2 
3.6 

Per  cent 
2.8 

Average  soil  biotite 

9.8 

Difference.... 

+4.2 

+10.0 

-6.5 

-8.2 

-4.6 

+7.0 

Difference  expressed  as  percentage  of  the 
quantity  of  the  constituent  present  in 
average  fresh  biotite . 

+11.6 

+61.3 

-35.3 

-66.1 

-56.1 

+250.0 

It  is  seen  that  alumina,  silica,  and  water  have  increased  in  the 
altered  samples  to  quite  different  extents.  Potash,  magnesia,  and 
iron,  on  the  other  hand,  have  diminished  more  uniformly.  The 
average  reduction  in  these  bases  is  shown  in  the  last  hne  of  the  table 
to  amount  to  a  little  more  than  one-half  of  their  values  in  fresh 
biotite  or  52.5  per  cent.  If,  in  calculating  the  composition  of  the 
end  product  of  alteration,  it  is  assumed  that  alteration  is  complete 
when  all  FeO,  MgO,  and  K2O  have  disappeared  and  that  they  all 
disappear  at  the  same  rate,  then  the  average  composition  of  the  soil 
biotites  shown  in  Table  9  represents  52.5  per  cent  of  complete  alter- 
ation. The  difference  of  +4.2  per  cent  Si02,  +10  per  cent  AI2O3, 
and  +7  per  cent  H2O  might  then  be  considered  as  the  changes  in 
these  constituents  accompanying  52.5  per  cent  of-xomplete  alteration. 
The  increased  percentages  accompanying  complete  alteration  would 
thus  be  +8  per  cent  Si02,  +19  per  cent  AI2O3,  and  +13.3  per  cent 
H2O.  These  values  added  to  the  respective  percentages  of  the 
constituents  in  average  fresh  biotite  would  give  as  the  composition 
of  the  end  product:  Si02,  44.2  per  cent;  AI2O3,  35.3  per  cent;  and 
H2O,  16.1  per  cent.     This  again  is  about  the  composition  of  kaolinite. 

The  preceding  calculations  indicate  at  best  only  that  the  samples 
of  muscovite  and  biotite  are  tending  toward  kaolinite  in  their 
alteration.  One  of  the  basic  assumptions,  that  the  extent  of  alter- 
ation in  the  various  constituents  is  shown  by  the  differences  in  com- 
position between  the  fresh  and  the  soil  micas,  holds  only  within 
certain  limits.  As  pointed  out  on  page  12,  these  differences  in 
composition  are  subject  to  more  or  less  probable  error;  hence  the 
differences  that  can  be  attributed  with  certainty  to  alteration  lie 
within  a  certain  range  of  values,  the  range  being  two  or  three  times 
the  probable  Terrors.  If  allowances  were  made  for  the  probable  errors 
in  calculating  the  composition  to  which  the  micas  are  approaching,  a 
series  of  values  would  be  obtained  for  the  composition  of  the  end  pro- 
duct. This  series  as  a  whole  would  vary  rather  widely  around  the 
calculated  composition,  which  has  been  given  as  that  of  kaohnite. 
Whether  kaolinite  is  actually  formed  in  the  soils  is,  of  course,  at  this 
point  highly  speculative. 

Some  information  regarding  the  nature  of  the  change  that  has 
already  taken  place  in  the  muscovite  samples  can  be  obtained  from  the 
data  given  in  Table  8.  The  equahty  that  obtains  between  the 
increased  percentages  of  water  and  the  decreased  percentages  of 
potash  shows  that  the  alteration  is  not  a  simple  replacement  of  potas- 
sium by  hydrogen  in  stoichiometric  proportions,  the  molecular 
weight  of  potash  being  approximately  five  times  that  of  water.     It  is, 
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of  course,  possible  to  assume  that  there  is  a  replacement  of  potassium 
by  hydrogen  and  that  this  is  accompanied  by  the  addition  of  several 
molecules  of  water  of  hydration;  but  a  more  probable  explanation 
will  be  developed  later. 

Similar  evidence  regarding  the  nature  of  the  alteration  can  be 
obtained  for  the  soil  biotites.  Table  10  shows  that  in  the  case  of 
the  biotite  samples  also,  fairly  constant  relations  obtain  between  the 
increased  percentages  of  water  and  the  decreased  percentages  of 
potash,  magnesia,  and  iron.  From  the  const'ancy  of  these  relations 
the  question  naturally  arises  whether  alteration  of  biotite  is  not 
simply  a  substitution  of  water  for  these  three  constituents.  Appar- 
ently this  is  not  the  case.  When  the  molecular  compositions  of 
average  fresh  and  altered  biotite  were  compared,  and  it  was  assumed 
that  either  alumina  or  silica  was  unchanged,  it  was  found  that  the 
gain  in  water  was  not  equivalent  to  the  total  losses  of  potash,  mag- 
nesia, and  iron,  or  to  any  combination  of  them.  Apparently,  then, 
neither  in  the  case  of  biotite  nor  in  the  case  of  muscovite  is  the 
alteration  a  simple  replacement  of  bases  by  hydrogen  in  equivalent 
quantities. 

Table  10. — Deviation  of  soil  biotite  from  average  fresh  biotite  with  respect  to  per- 
centages of  H2O,  K20y  MgO,  and  FeO:  Increases  in  H2O  as  compared  with 
decreases  in  other  constituents 


Profile 
No. 

Soil  series  from 

which  biotite  was 

isolated 

Depth  of 
horizon 

In- 
crease 
inHjO 

De- 
crease 
inKjO 

De- 
crease 
in  MgO 

De- 
crease 
inFeO 

HjO 
KiO 

HjO 

MgO 

H,0 
FeO 

4 

Cecil  

Inches 
96  to  112... 
60  to  84.... 
48  to  60.... 
GO  to  72.... 
40  to  CO.... 

30  to  40 

72  to  96.... 

84+- 

48  to  60.... 
60  to  168... 
25  to  59.... 

8  to  24 

lf)9  to  240-. 

0to4 

0to6 

Per  cent 
10.6 
9.1 
8.4 
8.1 
7.8 
7.4 
7.2 
7.1 
6.9 
6.7 
6.6 
6.4 
6.4 
6.4 
2.7 

Per  cent 
4.8 
6.8 
5.7 
6.6 
5.0 
4.4 
4.1 
3.2- 
3.5 
4.7 
4.8 
4.2 
3.6 
3.9 
4.2 

Per  cent 
8.1 
10.0 
10.1 
10.0 
7.8 
7.9 
9.0 
7.1 
6.4 
8.3 
7.6 
6.3 
6.9 
8.4 
10.3 

Per  ceTU 
6.2 
7.6 
8.9 
10.0 
6.0 
7.5 
7.2 
3.4 
2.4 
6.4 
4.9 
3.2 
6.4 
7.1 
11.3 

2.2 
1.3 
1.6 
1.4 
1.6 
1.7 
1.8 
2.2 
2.0 
1.4 
1.4 
1.6 
1.5 
1.4 
.7 

1.3 
.9 
.8 
.8 

1.0 
.9 
.8 

1.0 

1.3 
.8 
.9 

1.0 
.8 
.6 
.3 

1.7 

4 

1 

do 

Porters 

1.2 
1.0 

1 

3 

do 

Cecil 

.8 
1  3 

6 

1.0 

1     . 

Porters 

1.0 

3 

Cecil 

2.1 

1 

2.9 

2 

Cecil           .    . 

1.0 

2 

2 

2 

1 

do 

do 

Porters 

1.3 
2.0 
1.0 
.8 

6 

Ashe        

,2 

1.55 

.88 

1.30 



It  would  seem  that  any  explanation  of  the  changes  that  the  soil 
micas  have  already  undergone  should  take  into  account  the  relations 
between  water  and  other  constituents  that  have  been  pointed  out. 
These  relations  are  so  constant  for  data  of  this  kind  that  they  are 
probably  significant.  All  these  relations,  the  equality  between  the 
increased  percentages  of  H2O  and  the  decreased  percentages  of  K2O 
in  the  muscovite  samples  and  the  constant  proportions  between 
increased  percentages  of  H2O  and  decreased  percentages  of  K2O, 
MgO,  and  FeO  in  the  biotite  sami)les,  can  be  explained  by  the  hypoth- 
esis that  the  samples  are  mixtures  of  unaltered  muscovite  or  biotite 
and  material  of  kaolinite  composition.  It  is,  of  course,  evident  from 
the  examinations  made  of  particles  of  varying  optical  characteristics 
that  such  mixtures  would  not  be  composed  of  gross  particles  of  unal- 
tered muscovite  or  biotite  and  kaolinite,  since  the  samples  contained 
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few  if  any  particles  having  the  compositions  of  these  minerals.  The 
particle  itself,  however,  might  be  an  isomorphous  mixture  of  muscovite 
or  biotite  with  kaolinite. 

That  the  compositions  of  the  mica  samples  may  be  accounted  for 
by  this  hypothesis  may  be  seen  from  the  following  calculations.  If 
fresh  muscovite  containing  9.2  per  cent  K2O  and  4.6  per  cent  H2O 
is  mixed  in  any  proportion  with  kaolinite  containing  no  potash  and 
14  per  cent  H2O,  and  the  composition  of  the  mixture  is  compared 
with  that  of  fresh  muscovite,  it  will  be  found  that  the  increased  per- 
centage of  water  and  the  decreased  percentage  of  potash  will  be  in 
the  ratio  of  1  to  1.  It  will  be  recalled  that  an  average  ratio  of  1  to  1 
was  actually  observed  in  the  case  of  the  muscovite  samples.  (Table 
8.)  Since  fresh  muscovite  and  kaolinite  differ  but  slightly  in  percent- 
age of  silica  or  of  alumina,  the  percentages  of  these  constituents 
would  remain  practically  unchanged  in  any  mixture  of  the  two  min- 
erals; and,  as  a  matter  of  fact,  none  of  the  soil-muscovite  samples 
differ  appreciably  from  fresh  muscovite  in  Si02  and  AI2O3.  It  follows, 
therefore,  from  these  relations  that  the  composition  of  any  soil 
muscovite  may  be  explained  by  assuming  that  kaolinite  is  present 
in  the  muscovite  particles  in  some  proportion. 

Similarly,  if  biotite  containing  8.2  per  cent  K2O,  12.4  per  cent  MgO, 
18.4  per  cent  FeO,  and  2.8  per  cent  H2O  is  mixed  with  kaoHnite  in 
any  proportion  and  the  composition  of  the  mixture  is  compared  with 
that  of  fresh  biotite  it  will  be  seen  that  the  ratios  of  the  increase  in 
percentage  of  water  to  the  decreases  in  percentages  of  the  basic  con- 
stituents will  be  as  follows : 

K2O     ^'^^^ 

MgO     ^•^"' 
1^-0.61. 

The  average  observed  ratios  were  (Table  10): 

H2O 


K.0~^-^^' 


=  0.88, 


H2O 

MgO 

FeO  ^•'^• 
The  discrepancy  between  the  calculated  and  observed  ratios  in  the 
case  of  iron  would  be  explained  if  a  part  of  the  ferrous  iron  released 
in  the  alteration  of  biotite  to  kaolinite  remained  in  the  mica  particles 
as  colloidally  dispersed  ferric  oxide.  The  sihca  and  alumina  content 
of  the  biotite  samples  is  also  in  accord  with  the  hypothesis  that  the 
particles  are  mixtures  of  biotite  and  kaolinitelike  material.  How  well 
the  hypothesis  explains  the  analytical  data  for  all  constituents  in 
biotite  is  shown  by  Table  11.  The  average  composition  of  the  soil 
biotite  samples  is  shown  in  this  table,  together  with  the  composition 
of  the  mixture  of  fresh  biotite  and  kaolinite,  which  would  have  the 
same  percentage  of  water  as  the  average  soil  biotite. 
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Table  11. — Composition  of  average  soil  hioiite  as  compared  with  that  of  a  mixture 
of  fresh  hioiite  and  kaolinite 


SiOi 

AliO, 

Total  iron 
as  FeO 

MgO 

K,0 

HiO 

Composition  of  fresh  biotite 

Per  cent 
36.2 
46.5 
40.4 

42.6 

Per  cent 
16.3 
39.5 
26.3 

30.8 

Per  cent 
18.4 

Per  cent 
12.4 

Per  cent 
8.2 

Per  cent 
2.8 

Composition  of  kaolinite      . 

14.0 

Average  composition  ofsoil  biotite  samples. 

Composition  of  mixture  of  fresh  biotite  and 
kaolinite  having  .same  percentage  of 
water  as  average  soil  biotite  samples 

11.9 
6i7 

4.2 
4.7 

3.6 
3.1 

9.8 
9.8 

The  composition  of  the  mixture  of  fresh  biotite  and  kaolinite  based 
on  percentage  of  water  agrees  fairly  well  with  the  average  composi- 
tion of  the  soil-biotite  samples  in  all  constituents  except  FeO.  Mix- 
tures having  the  same  content  of  K2O,  MgO,  AI2O3,  or  Si02  as  the 
soil  biotite  would  also  agree  fairly  well  with  the  average  soil  biotite 
in  other  constituents.  Such  variations  as  occur  between  the  compo- 
sition of  the  average  soil  biotite  and  the  calculated  compositions  of 
the  mixtures  of  biotite  and  kaolinite  are  no  greater  than  would  be 
expected  from  the  use  of  an  average  composition  for  fresh  biotite. 
Fresh  biotite  is  very  variable  in  composition,  particularly  in  regard 
to  magnesia  and  iron,  and  it  would  be  entirely  possible  for  the  15 
soil  biotites  to  contain  fresh  biotite  of  a  somewhat  different  composi- 
tion from  that  used  in  calculating  the  composition  of  the  mixture. 
It  is  thus  apparent  that  the  hypothesis  that  the  samples  of  altered 
biotite  are  composed  of  fresh  biotite  and  kaolinite  in  various  pro- 
portions satisfactorily  explains  the  data. 

The  optical  characteristics  of  different  particles  in  the  mica  samples 
are  also  in  harmony  with  the  hypothesis  that  the  particles  are  iso- 
morphous  mixtures  of  muscovite  or  biotite  and  kaolinite.  As  pre- 
viously noted,  a  general  correlation  obtains  between  blurring  of  inter- 
ference figure  and  chemical  composition.  A  close  correlation  was 
also  observed  between  blurring  of  the  interference  figure  and  reduction 
in  refractive  index  and  birefringence.  Particles  having  a  vague  inter- 
ference figure,  or  none  at  all,  had  a  refractive  index  approaching 
that  of  kaolinite  and  were  nearly  isotropic.  Such  optical  character- 
istics would  be  expected  in  isomorphous  mixtures  of  mica  and  kaolinite. 

The  process  by  which  muscovite  and  biotite  may  alter  to  kaolinite 
may  be  regarded  as  one  of  hydrolysis.  Alteration  of  muscovite  to 
kaolinite  may  be  represented  by  the  equation : 

2KH2Al3Si30,2  +  5H2O  =  3H4Al2Si209  +  2K0H 

Biotite  may  be  presumed  to  alter  to  kaolinite  in  accordance  with  the 
equation : 

KHMgFeAlaSiaOia  +  4H2O  =  H4Al2Si209  +  Mg  (0H)2  +  Fe(0H)2  +  KOH 

+  Si02 

It  will  be  noted  that  alteration  of  biotite  according  to  this  equation 
would  involve  the  loss  of  one  molecule  of  silica. 

If  kaolinite  is  to  be  regarded  as  an  alteration  product  of  mica,  it 
might  seem  that  well-defined  particles  of  kaolinite  should  be  present 


24       TECHNICAL  BULLETIN    128,    U.  S.  DEPT.  OF  AGRICULTURE 

in  the  micaceous  samples  and  in  soils  in  general.  Such  particles, 
however,  were  lacking  in  the  mica  samples  and  are  of  extremely  rare 
occurrence  in  soils.  In  some  cases  the  so-called  indeterminate 
material  had  a  composition  very  close  to  that  of  kaolinite.  For 
example,  an  examination  of  the  mica  isolated  from  profile  No.  7,  B 
horizon  (Table  3),  showed  that  this  sample  was  made  up  largely  of 
indeterminate  particles.  Such  particles  were  of  a  platy  structure, 
very  slightly  birefringent,  and  had  a  refractive  index,  1.56,  close  to 
that  of  kaolinite.  They  lacked  entirely,  however,  the  interference 
figure  characteristic  of  well-defined  kaolinite.  If  the  material  were 
to  be  classified  mineralogically,  perhaps  it  would  be  as  properly  called 
kaolin  as  kaolinite,  although  the  term  ''kaolin"  is  not  usually  applied 
to  material  occurring  in  such  well-defined  plates. 

MICA   IN    DIFFERENT    HORIZONS    OF   THE    SOIL    PROFILES 

It  has  been  seen  that  in  all  the  soils  studied  biotite  contains  less 
potash,  magnesia,  and  iron,  and  more  combined  water,  silica,  and 
alumina  than  average  fresh  biotite.  Muscovite  in  certain  soils  has 
a  composition  differmg  but  shghtly  from  that  of  normal  muscovite, 
but  in  other  soils  it  deviates  widely  from  average  fresh  muscovite  in 
being  lower  in  potash  and  higher  in  water.  These  facts  would  be 
stated  in  terms  of  the  alteration  hypothesis  as  follows:  Particles  of 
soil  biotite  contain  considerable  material  of  kaolinite  composition; 
particles  of  soil  muscovite  in  some  soils  contain  very  little  kaolinitelike 
material,  but  in  other  soils  they  may  contain  a  considerable  quantity. 

For  an  understanding  of  soil  development  it  is  important  to  deter- 
mine when  these  changes  in  the  composition  of  mica  take  place, 
whether  they  occur  during  the  initial  decomposition  of  the  parent  rock 
or  whether  they  take  place  after  the  minerals  have  become  a  part  of 
the  soil  proper.  It  is  also  important  to  compare  the  various  profiles 
with  respect  to  the  degree  to  which  the  mica  is  altered.  Differences 
in  alteration  may  be  significant  in  characterizing  different  soils  or 
soil  series. 

The  alteration  of  mica  in  the  development  of  a  soil  profile  might 
be  expected  to  be  progressive;  that  is,  a  slight  change  in  composition 
in  the  initial  stages  of  rock  weathering  with  a  continuous  loss  of  bases 
and  gain  in  water  as  weathering  progressed  would  seem  probable. 
Evidence,  however,  on  this  subject  can  be  obtained  by  comparing  the 
compositions  of  micas  found  in  the  different  horizons  of  the  soil 
profiles.     Data  for  this  comparison  are  given  in  Table  3. 

In  considering  the  alteration  of  mica  in  different  horizons  it  is  suffi- 
cient to  observe  the  potash  and  water  contents  of  the  samples.  It 
has  been  shown  that  these  constituents  exhibit  marked  changes  in 
percentage  when  either  muscovite  or  biotite  is  altered  and  that  the 
percentages  of  the  other  variable  constituents  parallel  the  changes 
in  potash  and  water.  The  potash  contents  of  mica  from  profiles 
Nos.  1  to  8  and  17  to  21,  inclusive,  are  so  low  that  it  is  evident  that 
alteration  has  occurred  in  these  profiles,  although  analj^ses  of  the  origi- 
nal fresh  mica  are  available  in  but  two  instances.  Other  samples 
having  a  potash  content  near  that  of  fresh  mica  are  probably  also 
somewhat  altered,  since  observation  of  the  individual  particles  in 
such  samples  showed  the  presence  of  altered  material.     (Table  6.) 
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It  can  readily  be  seen  that  the  micas  isolated  from  different  horizons 
above  the  parent  rock  are  all  altered  to  about  the  same  extent  in  any 
one  profile.  Mica  isolated  from  the  lowest  part  of  the  C  horizon 
examined  shows  in  each  case  as  marked  evidence  of  alteration  as 
mica  occurring  in  the  surface  horizon.  This  is  true  even  when  the 
lowest  part  of  the  C  horizon  consists  of  soft,  only  slightly  disintegrated 
rock,  as  in  the  case  of  profiles  Nos.  1,  4,  12,  and  16.  Of  course,  it 
can  not  be  stated  just  where  in  every  profile  the  most  marked  change 
in  composition  of  the  mica  occurs,  but  the  data  of  Table  3  indicate 
that  in  most  profiles  this  change  takes  place  in  the  lower  part  of  the 
C  horizon. 

It  should  be  pointed  out  that  these  data  which  show  an  approxi- 
mately constant  composition  of  mica  in  different  horizons  were  all 
obtained  on  mica  samples  isolated  from  the  -soil  material.  Since  the 
samples  contained  only  particles  above  silt  size,  all  finer  material 
having  been  discarded  in  the  process  of  isolation,  the  approximate 
constancy  in  composition  that  has  been  pointed  out  properly  applies 
only  to  those  mica  particles  in  the  horizons  which  were  between  2  and 
0.05  millimeters  in  diameter.  Consideration  of  other  data  indicates, 
however,  that  a  similar  constancy  in  composition  probably  obtains 
for  the  total  mica  in  the  horizons.  In  the  lower  C  horizons  of  pro- 
files Nos.  2  and  8  to  12,  inclusive,  so  little  fine  material  of  any  kind  is 
present  that  practically  all  the  mica  in  these  horizons  must  have  been 
isolated;  hence  the  compositions  of  these  particular  samples  shown 
in  Table  3  must  represent  fairly  closely  the  total  mica  in  these  horizons. 
In  other  horizons  where  mineral  particles  of  silt  size  are  relatively 
abundant  the  compositions  of  the  total  mica  would  probably  be  some- 
what different  from  th6  analyses  presented  in  Table  3,  but  not  mark- 
edly so.  Analyses  given  in  Table  5  show  that  the  silt-sized  mica  in 
horizons  Ci  and  C2  of  profile  No.  8  contain,  respectively,  0.8  and  1.4 
per  cent  K2O,  and  15.1  and  15.9  per  cent  H3O.  The  isolated  mica 
samples  from  these  horizons  (Table  3)  contained,  respectively,  2.09 
and  2.87  per  cent  K2O  and  10.92  and  9.40  per  cent  H2O.  The  total 
mica  in  these  horizons  would,  therefore,  contain  potash  and  water 
in  amounts  intermediate  between  the  sets  of  values  given  above,  the 
exact  values  depending  on  the  proportions  of  silt  and  sand  sized  mica 
in  the  horizons.  It  is  not  unlikely  that  a  similar  order  of  difference 
obtains  between  the  isolated  mica  samples  and  the  total  mica  in  the 
other  soils.  This  difference  would  tend  to  make  the  total  mica  of 
the  horizon  somewhat  less  constant  in  composition  than  appears  in  the 
data  of  Table  3  only  in  cases  in  which  the  horizons  showed  variations 
in  proportions  between  silt  and  larger  particles. 

The  approximate  constancy  in  the  composition  of  mica  throughout 
a  profile  does  not  mean  that  the  mica  after  undergoing  alteration  in 
the  lower  part  of  the  soil  profile  is  thereafter  stable  and  consequently 
resistant  to  further  change  in  the  upper  horizons.  It  will  be  shown 
that  large  losses  of  mica  occur  in  the  development  of  many  soil  pro- 
files ;  hence  the  mica  in  the  upper  profiles  must  be  undergoing  further 
alteration  to  clay  or  kaolin.  These  facts  in  terms  of  the  alteration 
hypothesis  previously  developed  would  mean  that  in  the  transition 
of  hard  to  soft  rock  a  certain  portion  of  muscovite  or  biotite  molecules 
are  altered  to  kaoHnite  material  and  that  this  ratio  of  muscovite  or 
biotite  molecules  to  kaolinite  molecules  remains  thereafter  fairly  con- 
stant.    That  this  ratio  remains  fairly  constant  above  the  lower  C 
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horizon,  although  losses  in  the  material  as  a  whole  are  taking  place, 
would  mean  that  as  a  given  quantity  of  muscovite  or  biotite  passes 
into  kaolinite  above  the  lower  C  horizon  an  approximately  equal  quan- 
tity of  kaolinite  material  passes  into  the  clay  or  colloidal  part  of  the 
so2.  The  two  rates  of  alteration,  that  of  mica  to  kaolinite  and  that 
of  kaolinite  to  clay,  must  be  approximately  equal  in  all  horizons  of  a 
profile  above  the  lower  C,  and  in  all  profiles.  In  the  lower  C  horizons, 
however,  the  rate  of  alteration  of  mica  to  kaolinite  must  exceed  that 
of  kaolinite  to  clay,  since  if  it  were  here  the  same,  mica  in  the  upper 
horizons  would  have  the  composition  of  fresh  mica  according  to  the 
hypothesis.  It  is,  of  course,  possible  that  in  the  lowest  C  horizon, 
where  the  composition  of  the  mica  seems  to  be  determined,  the  passage 
of  kaolinite  to  clay  may  not  take  place. 

Although  the  mica  within  any  one  profile  tends  to  be  fairly  con- 
stant in  composition,  there  are,  in  some  cases,  wide  differences 
between  the  micas  of  different  profiles.  In  profiles  where  muscovite 
predominates  the  potash  content  of  the  mica  varies  from  1  to  9  per 
cent.  On  the  other  hand,  there  are  no  marked  differences  in  the  bio- 
tite profiles,  the  mica  in  all  cases  containing  about  4  per  cent  K2O. 
Apparently,  muscovite  may  be  highly  altered  in  some  profiles  but  only 
slightly  altered  in  others,  while  biotite  is  altered  fairly  uniformly 
in  all  profiles. 

The  six  profiles  (Nos.  1  to  6,  inclusive.  Table  3)  in  which  the  mica  is 
chiefly  biotite  are  of  the  related  soil  series,  the  Cecil,  Porters,  Ashe, 
and  Louisa.  Whether  biotite  present  in  more  diverse  series  would 
also  be  altered  to  about  4  per  cent  potash  can  not,  of  course,  be 
definitely  stated.  However,  in  view  of  the  similarity  of  the  biotite  in 
the  A,  B,  and  C  horizons,  which  represent  very  different  degrees  of 
weathering,  it  would  not  be  expected  that  biotite  in  other  unrelated 
soil  series  would  be  appreciably  different  from  the  biotites  that  have 
been  studied. 

It  is  somewhat  surprising  that  muscovite  should  vary  so  much 
more  widely  than  biotite  in  degree  of  alteration.  The  marked  varia- 
bility of  muscovite  is  evidently  not  due  solely  to  the  fact  that  the 
profiles  may  have  developed  under  widely  different  conditions. 
Muscovites  from  different  profile  samples  of  the  same  soil  series, 
namely,  the  Cecil  profiles  Nos.  17  and  18  from  Troup  County,  Ga., 
and  Lulu,  Ga.,  show  greater  differences  in  potash  content  than  the 
muscovites  from  such  dissimilar  series  as  the  Durham,  Manor, 
Chester,  George ville,  and  Madison.  Since  mica  is  altered  to  about 
the  same  extent  in  the  A,  B,  and  C  horizons,  it  is  evident  that  the 
explanation  for  these  differences  between  profiles  is  to  be  sought  in 
changes  which  have  occurred  not  in  the  developed  soil  horizons, 
but  in  the  transition  of  the  parent  rock  into  material  composing  the 
lower  part  of  the  C  horizon. 

In  accounting  for  the  difference  in  the  extent  to  which  muscovite 
is  altered  in  the  lower  C  horizons,  it  might  be  suggested  that  the 
variability  in  alteration  is  due  to  differences  in  weathering  con- 
ditions obtaining  in  the  lower  C  horizons  of  the  several  profiles. 
This  explanation,  however,  does  not  seem  probable,  since  it  is  very 
unlikely  that  conditions  of  weathering  in  the  same  climatic  region 
vary  to  any  great  extent  in  the  zone  of  decomposing  rock.  It  seems 
more  probable  that  variabihty  in  alteration  is  to  be  ascribed  to 
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inherent-  differences  in  the  nature  of  the  parent  rock,  or,  more 
particularly,  to  differences  in  the  nature  of  the  muscovite  present. 

It  is,  of  course,  generally  recognized  that  there  are  two  kinds 
of  muscovite,  at  least  so  far  as  origin  is  concerned,  primary  musco- 
vite and  secondary  muscovite  (sericite).  Clarke  (3),  Merrill  (13) ^ 
Van  Hise  (16),  and  others  consider  that  secondary  muscovite  is  an 
alteration  product  of  the  potash  feldspars;  but  these  writers  do  not 
state  that  this  alteration  takes  place  under  normal  conditions  of 
atmospheric  weathering,  or  whether  secondary  muscovite  differs  from 
primary  muscovite  in  readiness  of  alteration.  However,  investiga- 
tions of  china  clays  by  Hickling  (10),  Selle  (15),  and  Galpin  (7)  indi- 
cate that  secondary  muscovite  may  be  formed  in  the  atmospheric 
weathering  of  granites  to  clays.  Hickling's  work  goes  further  in 
indicating  that  the  secondary  muscovite  thus  formed  is  much  more 
readily  •  altered  than  the  primary.  He  points  out  that  in  decom- 
posing granite,  feldspar  is  altered  only  as  far  as  secondary  muscovite. 
In  the  further  decomposition  of  the  rock  to  china  clay,  however,  the 
secondary  muscovite  passes  into  kaolinite,  while  much  of  the  primary 
muscovite  persists  without  obvious  alteration. 

The  presence  in  the  lower  C  horizons  of  two  kinds  of  muscovite 
differing  in  their  rates  of  alteration  would  satisfactorily  account  for 
the  wide  differences  observed  between  different  profiles  with  respect 
to  the  potash  content  of  the  muscovite  present.  Those  profiles  in 
which  muscovite  has  about  the  same  potash  content  as  the  fresh 
mineral  would  contain  on  this  hypothesis  chiefly  primary  muscovite, 
since,  according  to  Hickling,  this  form  is  slowly  altered.  Those 
profiles  in  which  the  muscovite  is  very  low  in  potash  would  contain 
chiefly  secondary  muscovite,  which  is  readily  altered.  In  the  other 
profiles  the  muscovite  would  be  a  mixture  of  the  primary  and 
secondary  forms. 

Thus  far  the  alteration  of  mica  in  different  horizons  and  different 
soil  profiles  has  been  considered  only  from  the  point  of  view  of  changes 
in  composition  of  the  material.  Losses  of  mica,  that  is,  the  dis- 
appearance of  micaceous-appearing  particles,  are  also  of  interest  in 
connection  with  soil  studies.  In  throwing  light  on  the  development 
of  soil  profiles  in  general,  losses  of  mica  between  horizons  are  of 
particular  interest.  Differences  in  the  course  or  magnitude  of 
losses  in  different  profiles  should  also  be  considered  as  a  possible 
characteristic  of  individual  profiles. 

Losses  of  mica  attending  the  development  of  soil  profiles  in  general 
are  indicated  by  the  percentages  of  mica  in  different  horizons.  It  is, 
of  course,  impossible  to  estimate  exactly  how  much  of  the  original 
mica  is  lost  in  the  development  of  the  upper  horizons  from  the  parent 
rock,  since  nothing  is  known  regarding  what  quantities  of  other 
minerals  and  of  colloidal  material  may  also  have  been  lost.  But  the 
percentages  of  mica  in  the  horizons  at  least  indicate  greater  losses  of 
mica  than  of  other  constituents.  In  subsequent  discussion  the  term 
"loss"  is  used  with  this  implication. 

The  quantities  of  mica  present  in  the  soil  horizons  were  estimated 
petrographically.  Colloidal  material  was  removed  as  described  in  a 
previous  pubUcation  of  this  bureau  (8),  and  the  mineral  portion  was 
divided  into  coarse  and  fine  fractions  to  facilitate  the  estimation. 
The  quantities  of  muscovite  and  biotite  in  the  horizons  are  shown  in 
Table  12  as  percentage  of  the  soil  material. 
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Table  12. — Percentages  of  micas   present  from  various  horizons  of  several  soil 

profiles 


Profile 
No. 

Soil  series 

Horizon 

Depth 

Quantity 
of  com- 
bined 
musco- 
vite  and 
biotite 

in 
horizon 

Quantity 
of  mus- 
covite  in 
horizon 

Quantity 
of  biotite 

in 
horizon 

Percent- 
age of 
musco- 
vite  in 
total 
mica 

1. 

Porters 

A 

B2 

Ci 

Rock 

Bj 

Ci 

C2 

Cs 

B 

C2 

Cs 

A. 

Bi 

g;:::::: 

C3 

A 

B 

Rock.... 

A 

B 

c, 

C2 

B. 

C 

Rock.... 

B 

c, 

C2 

A 

Ci 

Cs 

Rock.... 

Bi 

Ci 

C3 

Bi 

B2 

C, 

Inches 
0to4 

14  to  48.... 

72  to  96 

96+ 

8to24 

25  to  59 

60  to  168... 
169  to  240.. 

6  to  40 

60  to  84.... 

84+ 

0to5 

5to36 

72  to  96 

96  to  112... 

112+ 

0to6 

6  to  30 

36+. 

Jito4 

17  to  22.... 
86  to  108... 
180  to  198.. 

8  to  15 

60  to  72.... 

72+ 

12tol8 

30  to  36.-.. 

45+ 

Oto7 

51  to  73-... 
91  to  102... 

110+ 

10  to  42.-.. 
91  to  180-.. 
253  to  278.. 
10  to  20-... 
20  to  40-... 
40  to  60.... 

Per  cent 

2 

3 

8 

22 

18 

72 

59 

52 

12 

30 

18 

4 

8 

32 

25 

8 

9 

9 

28 

3 

6 

72 

84 

15 

23 

13 

20 

85 

28 

2 

9 

6 

5 

4 

20 

21 

9 

19 

17 

Per  cent 
2 
1 
2 
3 
2 
6 
7 
8 
1 

10 
2 
2 
2 

13 
1 
0 
1 
5 
3 
2 

49 

11 

15 

11 

15 

28 

20 

1 

8 

6 

3 

2 

1? 

7 
15 
14 

Per  cent 

6 

19 

16 

66 

52 

44 

11 

20 

16 

2 

6 

19 

24 

8 

8 

4 

25 

1 

28 
35 
4 
8 
2 
5 
7 
8 
1 
1 
0 
2 
1 
1 
7 
2 
4 
3 

Per  cent 
100 

3 

Cecil. 

33 
26 
14 
11 

3-    .    . 

Cecil 

8 
12 
15 

8 

4      

Cecil 

33 
11 
50 

5      

Ashe 

25 
41 
4 
0 
11 

8 

Cecil 

56 
11 
67 

12    

Manor  .  

67 
61 
58 
73 

14 

Chester      .  ._ 

65 

85 
76 

16 

Durham... 

80 
71 
50 

17 

Cecil 

89 
100 
60 
67 

20 

Appling    _           

95 
67 

78 

79 

82 

The  percentages  of  total  mica  indicate  considerable  losses  of  mica 
between  the  lowest  and  the  uppermost  horizons  in  most  profiles. 
The  loss  of  mica  is  especially  marked  between  the  upper  C  and  the 
B  horizons,  the  transition  from  the  B  to  the  A  horizon  being  accom- 
panied by  little  further  diminution  in  the  percentage  of  total  mica. 
In  most  profiles  there  is  a  progressive  decrease  in  the  percentage  of 
total  mica  from  the  lowest  to  the  surface  horizon;  but  in  several 
profiles,  notably  Nos.  3,  4,  and  12,  the  percentage  of  mica  increases 
markedly  in  progressing  from  the  lower  to  the  upper  C  horizon  and 
decreases  again  in  the  B  horizon. 

An  obvious  explanation  for  this  increase  of  mica  in  the  upper  C 
horizon  is  that  the  part  of  the  parent  rock  from  which  this  horizon 
developed  may  originally  have  contained  more  mica  than  the  main  mass 
of  the  rock  which  gave  rise  to  the  other  horizons.  A  second  explana- 
tion for  the  apparent  increase  of  total  mica  is  that  in  this  particular 
horizon  other  minerals  may  have  been  lost  so  much  more  rapidly 
than  mica  that  the  percentage  of  mica  is  thereby  increased.  How- 
ever, calculation  of  the  minimum  losses  of  other  minerals  which  would 
be  necessary  to  produce  this  increased  percentage  of  mica  showed 
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that  in  several  cases  unreasonably  large  losses  would  be  required. 
For  instance,  in  order  that  the  percentage  of  total  mica  in  profile 
No.  4  be  increased  from  8  per  cent  of  the  C3  horizon  to  32  per  cent 
of  the  Ci  horizon,  94  per  cent  of  other  silicate  minerals  and  79  per 
cent  of  quartz  would  have  to  be  lost.  Similar  losses  would  be  required 
to  explain  the  data  of  profile  No.  3.  Such  losses  are,  of  course, 
unreasonable,  and  the  explanation  on  the  basis  of  heterogeneity 
seems  more  probable. 

It  seems  peculiar  that  increases  in  the  quantity  of  mica  should 
occur  so  frequently  in  one  part  of  the  profile,  the  upper  C  horizon. 
If  the  increases  are  due  to  heterogeneity  of  the  parent  rock,  it  might 
be  expected  that  they  would  occur  in  the  B  and  A  horizons  as  well. 
However,  if  the  layer  of  parent  rock  from  which  the  A  and  B  horizons 
were  formed  had  been  especially  rich  in  mica,  it  is  possible  that  this 
heterogeneity  might  not  now  be  manifest  in  these  horizons  because 
of  extensive  decomposition  of  mica.  If  these  irregularities  are  attrib- 
uted to  variation  in  the  parent  rock,  they  are  obviously  not  char- 
acteristic of  the  series  profile  but  are  merely  incidental  to  the  par- 
ticular location  where  the  profile  was  sampled.  However,  some  of 
the  data  concerning  quantities  of  mica  in  the  various  horizons  may 
be  taken  as  characteristic  of  series  profiles. 

As  previously  pointed  out,  the  greater  part  of  the  mica  present 
in  the  upper  C  horizon  has  been  lost  in  the  development  of  the  B 
and  A  horizons.  In  profiles  Nos.  12  and  14  the  loss  of  mica  in  the 
transition  from  the  C  to  the  B  horizon  is  much  smaller.  The  smaller 
proportion  of  mica  lost  in  profiles  Nos.  12  and  14  may  be  attributed 
to  comparatively  slight  weathering  of  the  profile.  This  is  borne  out 
by  the  low  colloidal  content  of  these  profiles.  A  high  proportion  of 
mica  lost  may  therefore  be  considered  characteristic  of  highly 
weathered  soils  such  as  the  Cecil. 

The  proportions  of  muscovite  to  biotite  in  horizons  of  the  different 
profiles  are  also  of  interest,  since  these  data  should  indicate  which  of 
the  two  micas  is  more  resistant  to  decomposition  under  soil  conditions. 
The  general  view  of  geologists  seems  to  be  that  of  all  minerals  musco- 
vite is  one  of  the  most  resistant  to  weathering,  whereas  biotite  is  one 
of  the  least  resistant.  Usually  no  distinction  is  made  between  the 
resistance  of  primary  and  secondary  muscovite,  although  some  geolo- 
gists, Hickling,  for  example,  hold  that  secondary  muscovite  is  more 
readily  decomposed  than  the  primary  form.  These  views,  however, 
were  not  based  on  quantitative  estimations  of  mica  in  soil  profiles. 

The  comparative  rates  at  which  muscovite  and  biotite  have  dis- 
appeared in  the  different  soil  profiles  are  indicated  by  the  data  given 
in  the  last  column  of  Table  12.  If  the  proportions  of  muscovite  to 
biotite  (shown  by  *' percentage  of  muscovite  in  total  mica")  in  the 
lower  horizons  are  compared  with  the  proportions  in  the  A  or  B  hori- 
zons, it  will  be  seen  that  they  are  practicalh^  the  same  in  all  profiles, 
except  in  Nos.  1  and  4.  In  these  two  profiles  the  quantities  of  both 
muscovite  and  biotite  in  the  A  horizon  are  too  small  to  be  significant. 
It  would  seem,  therefore,  that  muscovite  and  biotite  disappear  at 
about  the  same  rate  in  soils. 

This  conclusion  is  based  on  a  comparison  of  the  upper  and  lower 
horizons  only.  In  six  profiles — Nos.  2,  8,  12,  14,  16,  and  20 — the  pro- 
portion of  muscovite  to  biotite  remains  fairly  constant  throughout 
the  profile,  which  suggests  that  the  two  micas  disappear  at  about  the 
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same  rate  in  all  horizons  of  a  soil  profile.  There  are  four  profiles, 
however — Nos.  1,  3,  4,  and  17 — in  which  marked  increases  in  the  pro- 
portion of  muscovite  to  biotite  occurs  in  the  upper  C  horizon,  while 
the  proportion  in  the  A  and  B  horizons  tends  to  revert  to  that  in  the 
lower  C  horizon. 

This  variation  in  proportion  of  the  two  micas  that  has  been  noted 
can  be  explained  on  the  ground  of  heterogeneity  of  the  parent  rock. 
If  this  be  the  true  explanation,  it  is  somewhat  peculiar  that  the  pro- 
portion of  muscovite  should  increase  always  in  the  same  position  in  the 
profile. 

A  second  possible  explanation  is  that  secondary  muscovite  may  have 
been  formed  in  the  upper  C  horizon  from  alteration  of  the  potash 
feldspars.  The  fact  that  petrographic  examination  of  profiles  Nos. 
3,  4,  and  17  indicates  large  losses  of  feldspars  between  the  lower  and 
upper  C  horizons  is  in  harmony  with  this  idea.  If,  as  has  been  con- 
cluded by  others,  secondary  muscovite  may  be  formed  in  the  decom- 
position of  granitic  rocks,  it  is  not  unreasonable  to  assume  that  it  may 
be  formed  to  some  extent  as  the  soil  profile  subsequently  develops. 
The  present  data,  however,  are  merely  suggestive  of  this  possibility. 

In  the  data  given  in  Table  12  the  primary  and  secondary  forms  of 
muscovite  are  not  distinguished.  In  fact,  it  is  not  certain  whether 
both  forms  or  only  one  form  is  present;  although  as  has  previously 
been  pointed  out,  there  are  some  grounds  for  assuming  that  muscovite 
in  profiles  Nos.  12,  14,  and  16  may  be  chiefly  primar}^  and  that  in  the 
other  profiles  it  may  be  at  least  partly  secondary.  The  data  indicate, 
however,  that  whatever  form  of  muscovite  is  present  in  the  profiles 
disappears  about  as  rapidly  as  biotite.  On  the  whole,  the  loss  of 
muscovite  and  biotite  between  horizons  seems  to  depend  more  on  the 
quantity  than  on  the  kind  of  mica  present.  It  may  well  be  that  in 
those  profiles  in  which  appreciable  quantities  of  muscovite  have  been 
lost  this  loss  has  been  confined  to  the  secondary  form.  In  profiles 
Nos.  12,  14,  and  16,  where  the  potash  content  indicates  the  presence  of 
primary  muscovite  (Table  3),  a  comparison  of  the  upper  and  lower 
horizons  shows  little  loss  of  muscovite.  However,  neither  is  biotite 
lost  in  these  profiles.  It  thus  seems  from  these  data  that  at  least  one 
form  and  possibly  both  forms  of  muscovite  are  about  as  readily  decom- 
posed in  the  soil  as  biotite.  Furthermore,  in  so  far  as  change  in 
composition  is  concerned,  it  has  previously  been  pointed  out  that  at 
least  one  form  of  muscovite  is,  under  soil  conditions,  just  as  highly 
altered  as  biotite. 

SUMMARY 

This  investigation  is  concerned  with  changes  that  take  place  in 
muscovite  and  biotite  during  soil  development.  It  deals  with  changes 
in  chemical  composition  of  the  two  micas,  their  alteration  products, 
and  the  quantities  lost  in  the  development  of  dift'erent  soil  profiles. 
Inasmuch  as  the  micaceous  soils  examined  were  all  from  the  region  of 
the  piedmont  plateau,  the  results  may  not  hold  for  all  regions. 

A  satisfactory  method  for  isolating  mica  particles  from  soil  mate- 
rial in  quite  pure  condition  is  described.  The  data  obtained  com- 
prise complete  and  partial  analyses  of  55  samples  of  mica  isolated 
from  one  or  more  horizons  of  21  soil  profiles,  petrographic  estima- 
tions of  the  proportions  of  muscovite  and  biotite  in  the  mica  samples, 
petrographic  estimations  of  the  total  quantities  of  mica  present  in 
the  material  of  39  horizons  from  11  selected  profiles,  and  determina- 
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tions  of  the  potash  and  water  content  of  soil  mica  particles  differing 
in  size  and  in  optical  properties. 

A  comparison  of  the  chemical  compositions  of  the  isolated  soil 
micas  with  those  of  average  fresh  muscovite  and  biotite  shows  that 
the  average  soil  muscovite  differs  from  fresh  muscovite  in  being  much 
lower  in  potash  and  higher  in  water,  and  that  the  average  soil  biotite 
differs  from  fresh  biotite  in  containing  higher  percentages  of  alumina, 
silica,  and  water,  lower  percentages  of  magnesia,  potash,  and  iron, 
and  in  almost  complete  oxidation  of  iron.  These  differences  are  so 
much  greater  than  their  probable  errors  that  they  are  certainly  not 
due  to  chance  variation  in  random  sampling;  hence  they  are  attributed 
to  alteration. 

All  the  mica  particles  in  a  given  soil  are  not  altered  to  the  same 
extent;  the  alteration  is  greater  the  smaller  the  particle  and  the  less 
distinct  the  interference  figure. 

Apparently  neither  in  the  case  of  muscovite  nor  of  biotite  is  the 
alteration  a  simple  replacement  of  basic  elements  by  hydrogen. 
Evidence  is  presented  to  show  that  muscovite  and  biotite  tend  to  be 
altered  to  a  material  of  the  composition  of  kaolinite,  and  it  is  sug- 
gested that  altered  particles  of  soil  mica  are  isomorphous  mixtures 
of  muscovite  and  biotite  with  kaolinite.  The  chemical  composition 
of  a  particle  would  thus  depend  on  the  proportions  of  the  two  con- 
stituents present. 

The  mica  of  any  one  profile  varies  little  in  composition  in  horizons 
above  the  lowest  C  horizon.  Mica  in  the  hard  rock,  however,  may 
have  a  quite  different  composition  from  that  in  the  upper  C  or  A 
horizons. 

The  fact  that  the  total  quantities  of  mica  in  the  different  horizons 
of  a  profile  remain  fairly  constant  in  composition,  while  large  losses 
of  mica  may  be  taking  place  through  alteration  to  clay  material,  is 
explained  in  terms  of  the  alteration  hypothesis  proposed.  Accord- 
ing to  this  hypothesis,  a  certain  proportion  of  muscovite  or  biotite 
molecules  may  be  changed  to  kaolinite  molecules  in  the  lowest  part 
of  the  C  horizon;  this  same  proportion  of  the  two  constituents  in 
the  total  quantities  of  mica  is  then  maintained  in  the  upper  horizons, 
owing  to  a  balance  between  the  two  changes,  mica  to  kaolinite  and 
kaolinite  to  clay. 

In  all  soil  profiles  biotite  seems  to  be  altered  to  about  the  same 
extent,  the  potash  content  of  the  material  usually  approximating 
4  per  cent.  Muscovite,  on  the  other  hand,  in  some  profiles,  may 
contain  less  than  1  per  cent  KgO  and  in  other  profiles  as  high  as  9  per 
cent  K2O.  This  variability  is  attributed  to  the  possibility  of  two 
forms  of  muscovite  being  present,  primary  and  secondary,  the 
secondary  form  being  more  readily  altered. 

Considerable  losses  of  mica  occur  in  the  development  of  most  soil 
profiles,  the  loss  being  especially  marked  between  the  upper  C  and 
the  lower  B  horizons.  In  some  profiles,  however,  little  loss  of  mica 
is  indicated.  Differences  in  the  loss  of  mica  are  attributed  to  differ- 
ences in  the  weathering  of  the  profiles. 

Muscovite  and  biotite  do  not  differ  appreciably  in  the  rates  at 
which  they  are  decomposed  in  the  soil,  so  far  as  can  be  judged  from 
the  comparative  quantities  of  muscovite  and  biotite  present  in 
various  horizons  of  11  soil  profiles.  It  is  possible,  however,  that  a 
considerable  part  of  the  muscovite  lost  is  the  secondary  form. 
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CHANGES  IN  AGRICULTURE  IN  THE  COASTAL  PLAIN 

The  total  acreage  of  harvested  crops  in  the  southeastern  coastal 
plain  doubled  from  1879  to  1919,  but  in  1924  the  acreage  was  about 
one-third  less  than  in  1919.     In  1924  the  greater  part  of  the  total  crop 
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acreage  was  planted  to  cotton  and  corn.  Only  about  2  per  cent  of 
the  farm  land  of  the  coastal  plain  was  in  hay  and  forage  crops  and 
21  per  cent  in  pasture  in  1924,  whereas  in  the  United  States,  exclusive 
of  the  Cotton  Belt  about  17  per  cent  of  the  farm  land  was  in  these 
forage  crops,  and  41  per  cent  in  pasture.  The  coastal  plain  is  much 
below  the  rest  of  the  United  States  in  relative  acreage  of  forage  and 
pasture. 

According  to  census  data,  human  population  in  the  coastal  plain 
shows  a  continual  upward  trend  from  1870  to  1925.  Swine  numbers 
continued  upward  until  1919  but  in  1924  were  only  a  little  more  than 
half  as  numerous  as  in  1919.  Other  classes  of  livestock  did  not  show 
an  increase  in  proportion  to  the  increase  in  population.  The  number 
of  dairy  cows  and  the  production  were  especially  low.  In  1924  there 
were  only  about  one-half  as  many  milk  cows  per  100  acres  of  crop 
land  in  the  coastal  plain  as  in  the  United  States  outside  of  the  Cotton 
Belt,  and  production  per  cow  was  only  about  one-half  the  production 
per  cow  in  the  rest  of  the  United  States.  Production  of  milk  per 
capita  of  population  was  only  about  one-fourth  as  great  as  the  pro- 
duction in  all  of  the  United  States  outside  of  the  Cotton  Belt. 
Poultry  production  per  hen  and  per  capita  of  population  according 
to  the  1924  census  were  much  less  than  in  the  rest  of  the  country. 

Yields  of  such  crops  as  corn,  small  grains,  and  hay  were  below  the 
average  for  the  rest  of  the  country. 

Tremendous  quantities  of  fruits  and  vegetables  are  produced  in 
this  area,  but  the  combined  acreage  of  all  of  these  crops  comprised  a 
very  small  part  of  the  total  crop  acreage.  Cowpeas  were  much  more 
abundant  in  the  piedmont  than  in  the  coastal  plain.  The  concentra- 
tion of  peanuts  in  southwestern  Georgia  and  southeastern  Alabama 
is  apparent  from  Figure  1.  Velvet  beans  are  confined  mostly  to  the 
coastal  plain. 

The  distribution  of  acreage  of  hay  and  forage,  corn,  and  cotton  is 
shown  in  Figures  2  and  3.  The  acreage  of  pasture  and  forage  crops 
as  a  whole,  and  even  of  corn,  in  this  area  are  relatively  unimportant 
as  compared  with  similar  acreages  in  the  entire  United  States.  Cot- 
ton is  not  as  important  in  the  coastal  plain  as  in  other  parts  of  the 
South.  The  acreage  in  forest  and  woodland  (fig.  4)  shows  why 
lumbering  and  turpentining  are  still  major  industries  in  the  South. 
Along  the  coast  the  vast  tracts  of  land  which  would  have  to  be 
drained  before  they  could  contribute  in  any  substantial  quantity  to 
crop  production  are  apparent.  Lack  of  improved  pastures  in  the 
South  as  a  whole  is  striking.  The  distribution  of  beef  cattle,  hogs, 
poultry,  and  sheep  is  shown  in  Figures  5  and  6.  The  concentration 
of  beef  cattle  in  the  flatwoods,  the  w4der  distribution  of  hogs  with 
concentration  in  the  peanut  areas  of  Alabama  and  Georgia,  the 
scarcity  of  dairy  cattle  and  poultry,  especially  in  Florida,  and  the 
almost  total  absence  of  sheep  are  evident.  From  these  general  maps 
it  will  be  seen  that  there  are  more  livestock  in  the  coastal  plain  than 
can  be  adequately  provided  for  on  the  improved  pasture  available  for 
them.  Improvement  in  the  quality  of  feed  of  the  present  livestock 
and  any  increase  in  numbers  clearly  would  necessitate  converting  into 
good  pasture  some  of  the  land  not  now  being  used  to  advantage. 
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[Figure  1  —Comparison  of  Acreage  of  Cowpeas,  Peanuts,  and  Velvet  Beans 

A. — Acreage  in  cowpeas,  1924.     Each  dot  represents  1,000  acres. 

B. — Acreage  In  peanuts,  1924.     Each  dot  represents  1,000  acres. 

C. — ^Acreage  in  velvet  beans,  1924.  Eacli  dot  represn'nts  2.000  acres.  Cowpeas,  pea- 
nuts, and  velvet  beans  are  important  feed  crops  for  livestock  in  the  South, 
Cowpeas  are  used  more  extensively  iu  the  piedmont  region;  and  velvet  beans  In 
the  coastal  plain. 
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Figure  2.— Comparison  of  Hay  Acreage  and  Numbers  of  Dairy  Cows  and 

Heifers 

A. — Hay  acreage,  1924.     Each  dot  represents  10,000  acres. 

B. — Dairy  cows  and  heifers,  January  1,  1925.  Each  dot  represents  2,500  head.  Dairy 
cattle  are  concentrated  in  the  sections  that  grow  an  abundant  supply  of  hay 
and  forage  and  that  are  near  large  centers  of  population.  In  the  coastal 
plain  the  number  of  cows  in  relation  to  the  population  is  smaller  than  in  most 
parts  of  the  United  States. 
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Figure  3.— Comparison  of  Corn  Production,  Cotton  Acreage,  and  Acreage 
OF  Small  Grains  Cut  for  Hay 

A.— Corn  production,  1024.     Each  riot  represents  500.000  bushels. 

B.— Cotton  acreage,  1924.     lOach  dot  represents  10,000  acres. 

C. — Small  grains  cut  for  hay,  1024.  Each  dot  rfpres(ut.s  2.000  acres.  Corn,  cotton, 
and  smjill  grains  cut  for  hay  are  the  most  important  crops  In  the  coastal 
pluiii.     This;  rcb'iou,  however,  usually  ahips  iu  corn  from  the  Corn  Belt. 
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Figure  4— Comparison  of  Plowable  Pasture,  Forest  and  Woodland,  and 

Wet  Lands 

A. — Plowable  pasture  in  farms,  1924. 

B. — Forest  and  woodland  (suitable  for  crops  after  clearing),  1919. 

C. — Wet  lands  in  need  of  drainage,  1919.  The  small  amount  of  plowable  pasture  and 
the  large  amount  of  forest  and  woodland  and  wet  lands  in  need  of  drainage  ia 
characteristic  of  the  coastal  plain.     Each  dot  represents  10,000  acres. 
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Figure 5— Comparison  of  Distribution  of  Beef  Cattle,  Sheep,  and  Lambs 

A. — Beef  cattle  (excluding  calves  and  bulls),  January  1,  1925. 

B. — Sheep  and  lambs,  January  1,  1925.  Beef  cattle  and  sheep  utilize  the  sparse 
vegetation  of  the  range  country.  In  the  coastal  plains  beef  cattle  are  found 
mostly  in  the  cut-over  sections.  Sheep  are  negligible  In  the  coastal  plain  when 
compared  with  the  United  States  as  a  whole.    Kach  dot  represents  2,500  head. 


Figure  6— Comparison  of  Chickens  and  Swine  on  Farms 

A. — Chickens  on  farms,  January  1,   1925.     Each  dot  represents  50,000. 

B. — Swine  on  farms,  January  1,  1925.  lOach  dot  represents  5,000  head.  Poultry  and 
swine  are  larj?ely  concentratt'd  in  the  districts  where  there  is  an  ahundant 
supply  of  feed.  In  the  coastal  plain  poultry  are  relatively  scarce.  Most  of 
the  hogs  are  found  In  the  peanut  sections. 


PURPOSE  AND  SCOPE  OF  INVESTIGATION 

Important  influences  and  factors  affecting  the  production  of  the 
various  kinds  of  livestock  in  the  coastal  plain  are  here  anah^zed  with 
a  view  of  obtaining  a  broad  understanding  of  the  situation.  During 
the  past  20  years  many  agencies  have  urged  an  increase  in  livestock 
production  of  various  kinds  in  different  parts  of  the  South.  Some 
of  these  campaigns,  which  were  conducted  without  an  adequate  study 
of  the  situation  with  respect  to  the  requirements  for  a  successful  live- 
stock enterprise  in  a  given  section,  resulted  in  failure;  others  have 
been  only  partly  successful. 
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Throughout  the  coastal  plain  livestock  production  is  carried  on 
by  individual  farmers  to  a  considerable  extent.  It  was  believed  that 
these  men  were  possessed  of  a  fund  of  information  and  experience 
that  would  prove  invaluable  in  deciding  how  and  to  what  extent 
various  kinds  of  livestock  production  would  fit  into  their  farm 
organizations. 

In  the  summer  of  192G  the  Bureau  of  Agricultural  Economics, 
United  States  Department  of  Agriculture,  in  cooperation  with  the 
State  colleges  and  experiment  stations  of  this  area  made  a  survey 
of  about  Too  local  farmers  who  had  one  or  more  kinds  of  livestock 
on  their  farms  (J).^  From  each  of  tliese  farmers  was  secured  a  record 
of  the  details  of  feeds  and  pastures  used,  costs,  and  income,  and  the 
methods  of  handling  the  livestock,  as  well  as  the  kind  and  amount 
of  other  farming  done.  The  results  presented  in  this  bulletin  were 
prepared  from  a  study  of  these  farm  records  and  of  the  experimental 
work  done  in  tliese  States;  from  consultation  witli  county  agents, 
bankers,  and  other  men  interested  in  agriculture  in  the  area;  and 
from  a  survey  of  the  marketing,  consumi)tion,  and  source  of  supply 
of  livestock  products  in  the  principal  consuming  centers. 

Data  in  tables  and  discussions  are  for  the  year  1925  unless  otherwise 
indicated. 

PASTURES  AND  FEED  CROPS  AS  A  BASIS  FOR  LIVESTOCK 

PRODUCTION 

PERMANENT  PASTURES 

An  abundance  of  cheap  and  nutritious  grazing  is  essential  for  the 
economical  production  of  livestock  and  livestock  products.  Pasture 
is  usually  the  cheapest  and  best  feed  for  all  kinds  of  farm  animals; 
without  good  grazing  but  few  livestock  enterprises  can  be  expected 
to  I'eturn  a  profit.  In  a  few  favored  localities  retail  dairymen,  who 
are  able  to  dispose  of  their  product  at  fancy  prices,  may  be  able  to 
operate  with  little  or  no  pasture,  but  as  a  general  rule  dairymen  who 
sell  milk  or  cream  at  wholesale  prices,  or  itirmers  who  are  producing 
meat  animals,  can  not  hope  to  succeed  without  an  ample  supply  of 
cheap  grazing.  Under  most  conditions  milk  can  be  produced  more 
economically  and  in  greater  abundance  on  good  pasture  and  a  small 
amount  of  concentrates,  than  on  dry  roughage  or  silage  and  a  maxi- 
mum grain  ration.  Hogs  can  be  raised  chiefly  on  annual  grazing 
crops,  but  good,  permanent  pastures  are  necessary  for  profitable  pro- 
duction of  cattle  or  sheep. 

Scarcity  of  good  pasture  has  long  been  a  serious  handicap  to  suc- 
cessful livestock  production  in  the  coastal  region.  All  of  this  area 
was  originally  virgin  forest,  mostly  of  long-leaf  pine,  and  the  native 
grasses  which  have  persisted  are  early  maturing  forest  grasses  that 
do  not  form  a  turf  and  are  not  adapted  to  close  grazing.  These 
native  grasses  must  be  replaced  with  sun-loving  and  turf- forming 
grazing  plants  before  good  pastures  will  be  the  rule. 

The  typical  long-leaf  pine  rano^e,  common  to  much  of  this  area, 
will  furnish  fairly  good  grazing  ii-om  about  the  middle  of  March  to 

*  Italic  numbers  in  paronthesea  refer  to  Literature  cited,  p.  95.  Bulletin  331,  (JeorKia 
State  College  of  Agriculture,  includes  many  of  the  data  obtained  by  this  survey  in  that 
State. 
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the  middle  of  June  or  1st  of  July.  After  the  1st  of  July  the  native 
grasses  are  tough  and  unpalatable,  and  cattle  that  have  no  other 
grazing  will  lose  weight  during  the  remainder  of  the  year.  For 
example,  in  a  4-year  grazing  experiment  conducted  at  the  Coastal 
Plain  Experiment  Station  at  McNeill,  Miss.,  126  breeding  cows  were 
grazed  for  231  days  each  year  on  cut-over  pine  range  at  the  rate  of 
one  head  for  10  acres.  (Fig.  7.)  Rapid  gains  were  made  from 
March  22  (the  beginning  of  the  grazing  period)  to  June  15,  the  aver- 
age gain  per  head  being  63.1  pounds.  From  June  15  to  November 
8  there  was  a  loss  in  weight  averaging  41.3  pounds  per  head,  thus 
leaving  an  average  net  gain  of  only  21.8  pounds  per  head  for  the 
entire  grazing  period  of  231  days.  These  results  clearly  emphasize 
the  need  of  improving  the  native  pastures  in  order  to  prolong  the 
period  during  wdiich  satisfactory  gains  can  be  made  from  grazing. 
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Figure  7.— Comparative  Gains  of  Breeding  Cows  Kept  on  Carpet  Grass 
AND  ON  Native  Range  Pastures 

The  direction  of  the  solid  line  represents  the  seasonal  nature  of  range  pastures  of 
the  coastal  plain.  During  spring  the  cattle  make  good  gains  until  the  middle  of  June 
or  the  1st  of  July  ;  after  that  the  matured  grasses  are  tough  and  unpalatable.  Of  the 
63.1  pounds  gain  made  before  June  15,  41.3  pounds  were  lost  before  November  8.  This 
suggests  a  change  from  the  clump  grasses  to  turf  grasses  and  legumes,  which  remain 
green  until  frost.     Carpet  grass  pastures  (dotted  line)  are  good  until  winter. 


The  relatively  small  acreage  of  improved  land  that  is  in  pasture  in 
this  area  is  brought  out  in  the  1925  census  figures.  Of  the  total 
43,529,192  acres  of  land  in  farms  on  January  1,  1925,  9,087,593  acres, 
or  21  per  cent,  was  in  pasture  of  all  kinds,  but  of  this  only  2,131,463 
acres,  or  4.9  per  cent  of  the  farm  area,  was  in  plowable  pasture.  This 
indicates  that  around  80  per  cent  of  the  farm  land  classified  as 
pasture  was  marsh,  swamp,  cut-over,  or  timbered  land.  As  a  rule, 
the  farm  land  in  pasture  consists  of  old,  worn-out,  or  gullied  fields,  or 
of  land  that  is  unsuited  for  cultivation  because  of  poor  drainage. 
Such  pastures  generally  have  a  very  low  carrying  capacity.  Data 
giving  the  acreage  of  open  range  in  this  area  are  not  available. 

It  is  possible  to  have  good  pastures  in  nearly  all  parts  of  the 
coastal  plain.  This  has  been  demonstrated  by  individual  farmers 
who  are  engaged  in  some  phase  of  livestock  production  and  have 
given  some  thought  to  pasture-building,  by  State  experiment  sta- 
tions, and  by  other  organizations.     Good  pastures  will  not  become 
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usual,  however,  without  a  change  in  the  general  viewpoint  as  to  what 
constitutes  a  pasture  and  a  more  general  knowledge  of  pasture 
making. 

The  Georgia  Coastal  Plain  Experiment  Station  and  the  Georgia 
State  College  of  Agriculture  {J 4)  recommend  a  pasture  combination 
of  carpet  grass,  Da  11  is  grass,  and  Lespedeza  for  south  Georgia.  On 
low,  moist  soils  carpet  grass  will  form  a  perfect  sod  in  two  years  and 
will  carry  from  one  to  one  and  one-third  mature  animals  to  the  acre 
for  nine  months  of  the  year.  On  lighter  upland  soils  it  takes  about 
four  years  for  carpet  grass  to  become  thoroughly  established,  and  the 
carrying  capacity  of  sucli  pasture  is  less.  Much  of  the  low,  moist 
land  is  unsuited  for  cultivation,  and  if  the  brush  on  such  land  is  cut 
and  burned  and  the  land  is  ditched  and  sown  to  carpet  grass,  good 
grazing  may  be  had  in  a  short  time.  The  conversion  of  such  land  into 
pasture  offers  a  means  of  utilizing  considerable  acreages  of  land  that 
at  present  are  bringing  in  no  return. 

For  southern  Mississippi  (ii,  12)  carpet  grass,  Lespedeza,  and 
white  clover  are  recommended  for  the  long-leaf  pine  sections.  A 
conservative  estimate  of  the  carrying  capacity  of  such  a  pasture  is 
one  mature  animal  to  3  acres.  For  heavier  soils,  a  combination  of 
Bermuda  grass,  Lespedeza,  and  wdiite  clover  is  recommended,  and 
the  carrying  capacity  is  estimated  at  one  mature  animal  to  2  acres. 

The  carrying  capacity  of  carpet-grass  pasture  in  south  Mississippi 
was  brought  out  in  a  grazing  experiment  conducted  at  the  Coastal 
Plain  Experiment  Station  at  McNeill,  Miss.  (Fig.  7.)  In  this 
experiment  16  breeding  cows  were  grazed  on  40  acres  of  carpet  grass 
from  April  17  to  November  20,  and  during  this  period  they  made  an 
average  gain  of  80  pounds  per  head.  Most  rapid  gains  were  made 
from  April  17  to  July  10,  amounting  to  39.5  pounds  per  head  for 
this  85-day  period.  On  July  22  an  additional  12  cattle  were  put  on 
the  pasture  and  grazed  to  November  20,  and  in  addition  to  cattle  the 
pasture  carried  56  sheep  for  the  entire  period.  This  was  the  equiva- 
lent of  1  mature  animal  to  each  1.8  acres  from  April  17  to  July  21, 
and  1  mature  animal  to  each  1.17  acres  from  July  22  to  November  20. 

In  1922  the  agricultural  department  of  the  Central  of  Georgia 
Railway  Co.  (J)  established  44  test  pastures  on  farms  in  Alabama  and 
Georgia.  This  number  was  increased  to  49  in  1923,  and  the  same 
number  was  used  in  the  1924  test.  About  two-thirds  of  these  pastures 
were  in  the  coastal  plain  and  the  remainder  in  the  Piedmont  region. 
For  the  3-year  period  the  pastures  in  the  coastal  plain  carried  an 
average  of  from  1.14  to  1.83  mature  animals  to  the  acre.  The  average 
length  of  grazing  period  per  year  for  the  three  years  was  265  days. 

GRAZING  CROPS  FOR  HOGS 

To  produce  hogs  with  the  greatest  economy  it  is  essential  that  their 
growth  be  continuous  and  unchecked  from  birth  until  thejr  are 
ready  for  market.  Moreover,  hogs  that  are  grown  and  finished 
for  market  on  crops  which  they  harvest  themselves  are  usually  pro- 
duced at  a  much  lower  cost  than  those  that  are  finished  in  the  teed 
lot.  A  well-organized  hog  farm  will  be  provided  with  an  abundance 
of  succulent  grazing  throughout  the  growing  period  and  an  ample 
supply  of  grazing  crops  for  finishing  the  animals  for  market.    This 
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grazing  may  be  supplied  by  permanent  pastures  and  by  a  succession 
of  temporary  grazing  crops. 

Permanent  pastures  will  furnish  grazing  from  2  to  3  months  in 
the  spring  to  10  or  11  months'  of  the  year,  depending  on  whether 
such  pastures  are  of  the  native  grasses  or  are  composed  of  Bermuda 
or  carpet  grass  combined  with  Lespedeza,  and  some  of  the  winter- 
growing  legumes. 

Temporary  grazing  crops  for  hogs  may  be  divided  into  two  classes : 
(1)  Maintenance  crops,  and  (2)  finishing  crops.  The  long  growing 
season  and  Avide  range  of  forage  crops  that  are  adapted  to  this  area 
make  it  possible  to  have  a  succession  of  both  maintenance  and  finish- 
ing crops  available  for  use  at  practically  all  periods  of  the  year. 
(Fig.  8.) 


CROPS 

JAN. 

FEB. 

MAR. 

APR. 

■MAY 

JUNE 

JULY 

AUG, 

SEPT. 

OCT. 

NOV. 

DEC. 

OATS.  GRAIN  CROP 
OATS.  PASTURE  ONLY 
BYE  PASTURE 
OATS  OR  RYE  AND  VETCH 

1                 1                  1 

1                 1                  1 



1                 1 

1                 1 

1                 1 

CAT-TAIL  MILLET 
SUDAN  GRASS 

1                   1 

1 
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1 
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1 

SOY  BEANS 

RUNNER  PEANUTS 

1 

CHUFAS 

SWEET  POTATOES 
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'      1                 1 

1 

1 

1                 1 

1 

1 

1 

CARPET  CRASS ' 

■    1 

1                  1                  1                  1                  1                  1 

1 

1 

.ill 

Normal  grazing  period. 

Possible  grazingperiod  depending  on  time  of  planting,  yield,  etc. 

Extension  of  grazing  period  in  permanent  pastures  by  the  addition  of  winter  legumes. 


Figure  8— Grazing  Periods  for  the  Principal  Crops  Used  in  Hog  Pro- 
duction 

A  desirable  system  of  hog  production  requires  a  succession  of  grazing  crops  through- 
out the  growing  period  of  the  animal  and  other  crops  in  the  fall  and  winter  for 
fattening., 

The  principal  maintenance  crops  used  by  hog  raisers  are  oats, 
rye,  vetch,  and  rape  for  winter  and  spring  grazing,  and  cat-tail 
millet,  sorghum,  and  Sudan  grass  for  summer  and  fall  grazing. 
In  some  sections  crimson  clover  is  sown  with  oats;  in  other  sections 
the  Austrian  winter  pea  is  gaining  in  favor  as  a  winter-grazing  crop. 

Among  the  finishing  crops  most  commonly  grown  and  grazed  off 
by  hogs  are  early  dent  corn,  cowpeas,  soy  beans,  peanuts,  chufas,  sweet 
potatoes,  and  velvet  beans.  Of  these,  peanuts  and  soy  beans  consti- 
tute the  principal  finishing  crops ;  the  others  are  more  or  less  supple- 
mental and  are  used  to  fill  in  the  gaps  when  neither  peanuts  nor 
soy  beans  are  available.  Whether  peanuts  or  soy  beans  are  used  as  the 
principal  finishing  crop  depends  mainly  upon  the  character  of  the 
soil.  Peanuts  are  best  suited  to  the  lighter  soil  types,  and  soy  beans 
are  best  adapted  to  the  heavy  loam  and  clay  soils. 
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In  addition  to  the  crops  that  are  grown  primarily  for  hog  grazing, 
considerable  feed  may  be  salvaged  from  the  fields  by  allowing  the 
hogs  to  "  clean  up  "  after  a  crop  of  oats,  corn,  market  peanuts,  sweet 
potatoes,  or  watermelons  has  been  harvested.  The  outlines  of  grazing 
systems  for  ho^s  in  cases  in  which  runner  peanuts  are  the  main  finish- 
ing crop  and  m  which  other  crops  must  be  used  in  their  place  are 
given  below  (/). 

Hoff-pasture  rotation  for  runner-peanut  sections 

Field  1,  10  acres. — Permanent  pasture  of  Bermuda  or  carpet  grass  with 
Lespedeza,  wliite  clover,  and  bur  clover  or  black  medic. 

Field  2,  5  acres. — First  planting — oats,  rye,  rape,  vetch,  etc.  Second  plant- 
ing— corn,  velvet  beans,  and  sweet  potatoes. 

Field  3,  5  acres. — First  planting — cotton,  millet,  Sudan  grass,  and  sorghum. 
Second  planting — oats;  rye,  rape,  vetch,  etc. 

Field  4,  5  acres. — Early  corn  and  Spanish  peanuts,  soy  beans  or  cowpeas; 
oats  or  rye  sown  in  fall. 

Field  5,  5  acres. — Early  corn  and  Spanish  peanuts;  oats  or  rye,  and  rape, 
vetch,  etc.,  sown  in  fjiU. 

Field  6,  30  to  40  acres. — Corn,  runner  peanuts,  and  velvet  beans;  corn  and 
part  of  velvet  beans. to  be  harvested.  Peanuts  and  remainder  of  velvet  beans 
to  be  grazed  off. 

Fields  2,  3,  4,  and  5  to  be  used  for  rotation  of  crops  in  the  order  named. 
Field  G  part  of  general  farm  crop.    All  fields  to  be  fenced. 

Hog-pasture  rotation  for  eoastal  plain  outside  of  rummer-peanut  sections 
(Adapted  from  Clemson  Agr.  Col.  Ext.  Cir.  27    {13)) 

Rye  and  rape  sown  August  15  to  September  1  and  pastured  at  intervals  from 
November  15  to  May  1.  Sorghum  and  cowpeas  planted  April  1  and  pastured 
May  15  to  August  15. 

Rye  and  rape  as  above.  Soy  beans  or  Spanish  peanuts  planted  May  15  to 
June  1  and  pastured  from  August  15  to  October  1. 

Crimson  clover  or  vetch  sown  October  1  and  pastured  from  March  1  to  May 
15.  Corn  and  velvet  beans  planted  May  1  to  15  and  pastured  from  October  15 
to  November  15. 

Permanent  pasture  of  Bermuda  grass,  Lespedeza,  bur  clover,  or  white  clover. 
Bermuda  grass  will  furnish  grazing  from  the  middle  of  April  until  frost 
(October  1),  and  if  the  pasture  contains  bur  clover  or  white  clover  in  addition 
to  Bermuda  it  will  furnish  pasture  from  about  February  1  to  the  following 
January. 

The  experiences  and  records  of  farmers  interviewed  in  this  study 
indicate  that  it  is  good  practice  to  plant  oats  or  rye,  or  both,  for 
winter  grazing  on  all  hog  farms  of  this  area.  Sown  alone  or  to- 
gether, or  in  combination  with  rape,  vetch,  crimson  clover,  or  Aus- 
trian winter  peas,  these  crops  provide  the  most  grazing  to  be  had 
from  the  middle  of  January  to  early  May,  and  when  early  seeding 
is  possible  they  may  frequently  be  grazed  to  some  extent  in  December. 
Rye  is  usually  sown  for  pasture  only,  but  with  oats  the  usual  prac- 
tices with  hog  raisers  are  to  have  one  field  that  is  used  for  pasture 
alone  and  a  large  field  planted  for  grain  that  is  grazed  until  about 
March  1.  If  rape,  vetch,  crimson  clover,  etc.,  are  sow^n  with  oats  or 
rye,  both  quantity  and  quality  of  the  grazing  will  be  improved. 

Rape  is  a  crop  that  is  included  in  many  of  the  hog-grazing  systems 
of  this  area.  It  is  planted  alone  in  drills  or  broadcast  or  is  combined 
w^ith  oats  or  rye.  A  succession  of  plantings  from  August  to  Feb- 
ruary or  March,  when  soil  and  moisture  conditions  are  favorable, 
will  furnish  grazing  from  October  to  the  middle  of  the  following 
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May.  Rape  should  never  be  planted  on  poor  soil,  and  a  liberal  ap- 
plication of  stable  manure  will  greatly  increase  the  yield  of  grazing. 

Cat-tail  millet — also  called  pearl  millet,  Pencillaria,  or  Egyptian 
millet — ^is  popular  with  many  hog  raisers  for  late-spring  and  early- 
summer  grazing.  Planted  early  in  March,  it  furnishes  grazing  from 
the  latter  part  of  April  to  about  July  10,  a  period  during  which 
succulent  grazing  is  usually  scarce.  By  making  a  succession  of 
plantings  from  March  to  May  grazing  may  be  had  until  the  last 
of  September.  This  crop  grows  rapidly  and  needs  to  be  kept 
closely  grazed  to  prevent  its  becoming  woody  and  unpalatable. 

Sudan  grass  is  a  popular  grazing  crop  with  some  hog  producers. 
It  occupies  the  same  place  in  the  grazing  scheme  as  cat-tail  millet, 
which  it  resembles  closely  in  habit  of  growth  and  in  length  of  graz- 
ing period.  In  Alabama  Sudan  grass  is  valued  more  highly  than 
sorghum  as  a  hog  pasture  because  of  its  stooling  habit. 

Sorghum  is  commonly  used  for  grazing  by  hog  raisers,  and  is  also 
cut  and  fed  to  some  extent  as  a  soiling  crop.  It  is  rich  in  protein 
and  other  digestible  nutrients  during  the  early  periods  of  growth, 
and  has  its  greatest  value  as  a  forage  crop  for  hogs  when  it  is  making 
a  rapid  growth  and  does  not  exceed  8  to  10  inches  in  height.  The 
usual  grazing  period  is  from  June  1  to  August  1. 

Early  corn  is  a  favorite  crop  for  finishing  off  hogs  early  in  the 
season.  Planted  from  March  1  to  April  1,  it  is  ready  for  soiling  or 
hogging  off  early  in  July.  Early  corn  is  sometimes  planted  alone, 
but  the  more  common  practice  is  to  plant  it  in  alternate  rows  with 
Spanish  peanuts,  cowpeas,  or  soy  beans.  Some  make  a  practice  of 
planting  early  corn  in  "  cross  rows  "  in  a  field  of  early  peanuts  and 
cutting  the  corn  for  a  soiling  crop.  When  both  corn  and  peanuts  are 
to  be  grazed  off  a  variety  of  corn  is  used  that  will  mature  at  the 
same  time  as  the  peanuts.  Early  corn  with  an  early  variety  of  cow- 
peas  or  soy  beans  drilled  or  broadcasted  between  the  corn  rows  fur- 
nishes a  good  combination  for  hogging  off. 

Peanuts  are  the  outstanding  crop  for  fattening  hogs  in  most  por- 
tions of  the  coastal  plain  area  except  in  sections  where  heavy  soil 
types  predominate.  This  is  particularly  true  in  south  Georgia  and 
southeastern  Alabama,  a  region  that  appears  to  be  especially  favor- 
able to  the  growing  of  peanuts.  Two  types  of  peanuts  are  usually 
grown  for  hog  grazing — an  early  bunch  type,  to  furnish  an  early 
fattening  feed  before  the  main  finishing  crops  are  available,  or  for 
planting  as  a  second  crop  after  oats,  rye,  etc.,  and  a  runner  type  for 
the  main  grazing  crop. 

Where  peanuts  are  grown  for  market,  a  considerable  quantity  of 
feed  will  be  left  in  the  fields  after  the  crop  is  harvested.  Giving  hogs 
the  run  of  the  field  after  harvest  will  enable  them  to  salvage  prac- 
tically all  of  this  feed. 

The  soy  bean  is  gaining  in  favor  as  a  crop  for  finishing  hogs  in 
those  sections  where  the  soil  is  not  well  suited  to  the  production  of 
peanuts.  This  is  particularly  true  in  South  Carolina  and  Mississippi, 
The  crop  is  sometimes  grown  alone  and  sometimes  interplanted  with 
porn.  Some  farmers  make  a  practice  of  planting  several  varieties  that 
mature  at  different  tiines  and  thus  materially  lengthen  the  grazing 
period, 
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Cowpeas  are  used  to  some  extent  by  practically  all  hog  producers 
and  are  made  to  fit  into  the  grazing  systems  in  various  ways.  They 
are  planted  alone — either  broadcast  or  in  drills — as  a  second  crop 
after  oats,  rye,  watermelons,  etc.,  or  interplanted  with  corn  or  other 
feed  crops.  When  planted  with  corn  they  are  either  hogged  off  with 
the  corn  or  grazed  after  the  corn  has  been  harvested. 

Chufas  have  considerable  value  as  a  hog  feed  and  in  some  sections 
seem  to  be  preferred  to  peanuts  or  soy  beans.  The  crop  requires  a 
long  growing  season  but  may  be  left  in  the  ground  for  several  months 
after  maturity  without  injuring  the  feed  value.  Chufas  draw  heavily 
upon  the  soil  fertility,  and  profitable  yields  can  be  obtained  only  on 
soils  that  are  fertile  or  are  heavily  fertilized. 

Sweet  potatoes  make  a  useful  supplement  to  other  finishing  feed^. 
Moreover,  when  they  are  hogged  off  they  make  a  relatively  cheap 
feed  as  they  will  carry  more  hogs  to  the  acre  than  any  other  crop  that 
is  grown  for  grazing  in  tliis  section.  Where  sweet  potatoes  are  grown 
for  market,  the  culls  and  potatoes  that  are  left  in  the  ground  after 
harvest  are  a  source  of  valuable  feed.  Sweet  potatoes  are  regarded 
as  having  a  tendency  to  produce  firm  pork. 

Velvet  beans  alone  are  not  a  satisfactory  feed  for  hogs,  but  when 
used  in  connection  with  corn,  or  corn  and  peanuts,  they  are  useful 
both  as  a  hog-grazing  crop  and  as  a  source  of  concentrates.  Velvet 
beans  are  commonly  planted  with  corn,  or  with  corn  and  peanuts. 
When  grown  with  corn  alone  they  are  usually  planted  in  alternate 
rows,  or  one  row  of  beans  alternating  with  two  rows  of  corn.  When 
grown  with  corn  and  peanuts  the  usual  custom  is  to  plant  the  corn 
and  peanuts  in  alternate  rows  and  then  plant  velvet  beans  in  the 
corn  rows.  This  corn,  peanut,  and  velvet  bean  combination  results 
in  the  production  of  more  feed  to  the  acre  than  can  be  secured  with 
any  one  of  these  crops  alone.  Hogs  will  not  eat  velvet  beans  as  long 
as  peanuts  are  available,  but  after  the  peanuts  have  been  exhausted 
and  the  velvet  beans  have  been  softened  by  rain  or  by  coming  into 
contact  with  the  moist  earth,  the  beaas  will  be  eaten  by  the  hogs  and 
will  furnish  feed  until  about  March  1. 

A  list  of  the  grazing  crops  commonly  used  for  hog  production  in 
the  coastal  plain  is  given  in  Table  1.  This  table  also  shows  the  acres 
of  each  crop  normally  required  to  carry  twenty-five  100-pound  hogs, 
the  usual  planting  date,  the  amount  of  seed  required  to  plant  an  acre, 
stage  of  growth  at  which  grazing  should  begin,  asual  grazing  period, 
and  approximate  number  of  days  grazing  furnished  by  each  crop. 
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FEED  CROPS  FOR  LIVESTOCK  PRODUCTION 

In  addition  to  pasture,  a  certain  quantity  of  roughage  is  needed  to 
carry  livestock  throu«rli  the  winter  and  tlirou<j:h  other  periods  of 
short  <zrazing.  Concentrates  are  essential  for  the  production  of  dairy 
products  and  for  finish in<«  meat  animals  for  market.  Under  most 
conditions  the  feed  re(iuirenients  for  any  specific  livestock  enterprise 
should  be  ])rodu('ed  as  nearly  as  possible  on  the  farm  where  they  are 
needed,  since  it  is  not  economical  to  ship  bull^  feed  from  a  distance 
for  livestock  production. 

The  coastal  plain  is  well  adapted  to  the  production  of  a  wide  range 
of  feed  crops  suitable  for  all  kinds  of  livestock,  but  in  localities  in 
which  cotton  is  the  main  consideraton  the  producton  of  feed  crops 
has  been  limited  chiefly  to  the  needs  of  the  farm  work  stock.  In  years 
following  a  low  price  level  for  cotton,  a  surplus  of  feed  crops  is  often 
grown,  but  the  obvious  result  is  that,  with  no  livestock  to  consume 
this  surplus,  there  is  no  market  for  it.  Fortunately,  most  of  these 
feed  crops  are  legumes  which  serve  a  useful  purpose  in  adding  to  the 
fertility  of  the  soil  even  though  not  utilized  for  feed.  It  may  be  said 
generally  of  this  area  that  more  feed  crops  are  not  grown  because 
there  is  no  livestock  to  consume  them,  and  more  livestock  are  not 
n-oduced  because  there  is  not  feed  to  maintain  them.  That  it  is  possi- 
le  to  produce  an  abundance  of  feed  in  this  area  is  shown  by  the 
achievements  of  many  farmers  throughout  the  area  who  are  success- 
fully engaged  in  livestock  production. 

Winter  roughage  for  cattle  may  consist  of  hay,  coarse  fodder,  or 
silage.  Cottonseed  hulls  are  fed  to  a  considerable  extent  in  winter. 
It  is  desirable  that  at  least  a  part  of  the  winter  roughage  be  legume 
hay,  and  fortunately  many  of  the  hay  crops  that  are  best  adapted 
to  the  area  are  legumes.  In  the  sandy  and  loam  sections  annual  crops 
are  the  main  dependence  for  roughage.  The  principal  of  these  crops 
are  oats  (either  alone  or  combined  with  vetch  or  Austrian  winter 
peas  and  cut  green  for  hnj),  cowpeas,  soy  beans,  peanut  vines,  millet, 
Sudan  grass,  and  sorghum.  Velvet  beans  also  are  used  to  a  limited 
extent  for  hay.  These  same  crops,  with  the  exception  of  peanuts, 
are  adapted  to  the  heavier  soils.  On  some  of  the  more  fertile  low- 
land areas  Lespedeza  can  be  gi'own  to  advantage  for  a  hay  crop. 
In  cases  in  which  Johnson  grass  has  become  established  on  heavy  soil 
it  makes  a  good  hay  crop.  Other  hay  crops  for  sections  having  heavy 
clay  soils  are  sweet  clover  and  Lespedeza,  oats,  and  vetch.  Alfalfa 
is  being  produced  in  some  few  localities.  Silage  is  desirable  for  both 
dairy  cows  and  for  finishing  beef  cattle,  and  may  be  produced  in  all 
parts  of  the  area.  Some  of  the  large  varieties  of  sorghum  are  pre- 
ferred to  corn  for  silage  as  they  produce  a  much  heavier  tonnage  per 
acre. 

The  principal  crops  for  fattening  livestock  in  this  area  are  com, 
velvet  beans,  peanuts,  soy  beans,  and  sweet  potatoes.  Cottonseed  meal 
is  the  most  commonly  used  concentrate  for  dairy  cows,  or  for  dry-lot 
fattening  of  beef  animals.  The  principal  fattening  crops  for  hogs 
are  corn,  cowpeas,  peanuts,  soy  beans,  sweet  potatoes,  and  velvet 
beans. 

The  average  yield  of  com  in  this  area  is  relatively  low  as  compared 
with  that  in  Corn  Belt  States,  but  this  is  largely  due  to  the  fact 
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that  the  corn  crop,  generally  regarded  as  of  secondary  importance, 
is  often  neglected  for  cotton.  There  are  numerous  examples  to  show 
that  excellent  yields  of  corn  can  be  produced  if  proper  cultivation  and 
fertilization  are  given.  The  other  feed  crops  mentioned  are  all 
naturally  adapted  to  this  area,  and  the  production  of  economic  yields 
is  largely  a  matter  of  good  management. 

THE  DAIRY  ENTERPRISE 

Dairying  is  the  most  general  livestock  enterprise  in  the  coastal 
plain.  It  ranges  all  the  way  from  keeping  a  few  cows  supplemental 
to  other  enterprises  to  supply  milk  for  family  use  and  selling  cream 
for  making  butter,  to  highly  specialized  dairies  producing  fluid  milk 
for  the  city  trade. 

For  the  coastal  plain  as  a  w^hole  the  per  capita  consumption  of 
dairy  products  is  low  as  compared  with  that  in  other  parts  of  the 
United  States.  The  production  of  butter  is  lower  in  proportion  to 
consumption  than  in  other  areas,  and  the  production  of  cheese  is 
almost  negligible.  The  price  of  fluid  milk  in  the  coastal  plain  is 
generally  high  as  compared  with  prices  in  other  parts  of  the  country. 
Prices  that  producers  located  near  cities  receive  for  milk  for  consump- 
tion are  governed  largely  by  local  conditions.  The  price  that  cream- 
eries and  condenseries  can  pay  is  determined  largely  by  prices  paid 
for  butterfat.  Butter  and  condensed  and  evaporated  milk  produced 
in  the  South  must  be  sold  in  competition  with  similar  products 
produced  in  other  parts  of  the  country. 

There  are  market  outlets  in  the  coastal  plains  for  an  increased 
production  of  all  dairy  products,  but  dairymen  in  this  area  are 
confronted  with  numerous  obstacles  to  profitable  production.  In 
general,  economical  methods  of  production,  including  the  production 
of  pastures  and  feeds,  must  be  worked  out  and  adopted  if  farmers 
of  the  coastal  plain  are  to  expand  dairying  profitably. 

FLUID-MILK  SITUATION 

With  a  view  to  determining  the  possibilities  of  increasing  the  pro- 
duction of  fluid  milk  in  the  coastal  plain,  a  study  was  made  of  the 
milk  situation  in  the  following  representative  cities:  Albany  and 
Savannah,  Ga. ;  Florence,  S.  C. ;  Montgomery,  Ala. ;  Meridian,  Miss. ; 
and  Jacksonville,  Miami,  Tampa,  Orlando,  and  West  Palm  Beach, 
Fla.  The  milk  situation  in  Florida  cities  differs  considerably  from 
that  of  cities  in  other  parts  of  the  coastal  plain.  Florida  cities  are 
generally  larger,  have  a  large  winter  population  resulting  in  a  heavy 
winter  demand  with  higher  price  levels,  and  in  general  have  more 
stringent  sanitary  regulations.  On  account  of  these  conditions  the 
Florida  situation  will  be  considered  separately  from  that  of  the  rest 
of  the  coastal  plain. 

IN  COASTAL  PLAIN  CITIES  OUTSIDE  OF  FLORIDA 

CONSUMPTION    AND  DEMAND 

Cities  in  the  coastal  plain  outside  of  Florida  are  relatively  small. 
According  to  census  estimates.  Savannah,  the  largest  city  in  the  area, 
had  a  population  of  93,134  in  1925;  Charleston,  S.  C,  73,125;  Mobile, 
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Ala.,  65,955;  Montojomery,  Ala.,  46,481;  Columbus,  Ga.,  44,244;  and 
Columbia,  S.  C,  41,255.  It  is  estimated  that  the  total  urban  popula- 
tion of  the  coastal  plain  area  in  Alabama,  Georgia,  Mississippi,  and 
South  Carolina  was  approximately  870.000  in  1925  {£J  and  'J2). 

The  per  capita  consumption  of  milk  and  cream  in  cities  in  the 
coastal  plain  outside  of  Florida  is  low  in  comparison  with  the  per 
capita  consumption  of  the  country  as  a  whole,  and  in  comparison  with 
that  of  northern  cities  of  similar  size.  The  per  capita  consumption 
of  milk  and  cream  in  terms  of  milk  in  various  cities  (includin<?  two 
Florida  cities)  as  estimated  by  their  health  officers  was  as  follows: 


Pints 

per  day 

Pints  per  day 

1925 

1926 

1926 

1926 

Mobile,  Ala           

0.46 
.30 
.52 
.48 
.60 
.20 
.86 

0.43 
.27 
.64 
.45 
.51 
.22 
.76 

Fort  Wayne,  Ind 

0.56 
.85 
.88 
.96 
1.10 
1-46 

0.65 

Florence,  S.  C 

KalftTnazoo,  TVl ich      .... 

.73 

Tampa,  Fla 

Buffalo,  N.  Y 

Columbus,  Ohio 

.84 

Jacksonville  Fla 

.78 

Augusta,  Qa 

Minneapolis,  Minn 

1.09 

Charleston,  S  C 

Denver,  Colo .  . 

1.33 

Decatur,  111                       

The  averao^e  total  daily  consumption  of  milk  for  the  cities  of 
Charleston,  Mobile,  Augusta,  and  Florence  in  1926  was  less  than  0.4 
pint  per  capita,  and  it  is  not  likely  that  the  per  capita  consumption 
of  milk  for  the  total  urban  population  of  the  coastal  plain  outside 
of  Florida  was  any  greater. 

One  reason  for  the  present  relatively  low  consumption  of  milk  in 
most  cities  in  the  coastal  plain  is  the  difficulty  in  getting  a  good  prod- 
uct at  hotels,  restaurants,  and  soda  fountains,  which  causes  many 
consumers  to  forego  drinking  sweet  milk  during  the  summer.  Low 
consumption  in  this  area  may  also  be  partly  due  to  the  large  number 
of  negroes  who  are  small  users  of  sweet  milk.  Greater  care  in  han- 
dling the  product  to  keep  it  from  souring,  and  an  effort  to  please  the 
trade,  will  tend  to  increase  the  demand  for  sweet  milk. 

Lack  of  understanding  by  the  public  of  the  value  of  good  milk 
as  a  food  is  noticeable  in  this  area,  and  the  value  of  pasteurization  is 
not  generally  appreciated.  As  a  consequence  there  is  more  or  less 
indifference  to  the  enforcement  of  sanitary  regulations  with  regard  to 
the  milk  supply.  Moreover,  health  officers  often  have  little  knowl- 
edge of  producers'  problems  and  promulgate  freak  regulations  that 
have  little  significance  from  the  standpoint  of  public  health. 

The  use  of  condensed  and  evaporated  milk  is  heavy  in  some  cities 
in  the  area  and  tends  to  lower  the  consumption  of  sweet  milk.  Canned 
milk  is  preferred  by  many  who  lack  facilities  for  keeping  sw^eet  milk. 
The  annual  per  capita  consumption  of  canned  milk  in.  several  repre- 
sentative cities  in  1925  was  as  follows  (Table  2)  :  Savannah,  Ga., 
2L6  pounds;  Florence,  S.  C,  16.4  pounds;  Albany,  Ga.,  8.8  pounds; 
Dothan,  Ala.,  6.1  pounds;  Montgomery,  Ala.,  4.1  pounds;  and 
Meridian,  Miss.,  2.8  pounds. 
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Table  2. — Livestock  products:  Local  production,  imports,  and  consumption  in 
various  cities  of  the  coastal  plain,  1925 


Item 


.pounds.. 

do 

..-.do.... 
....do.... 
....do.... 
...do.-.. 


Pork: 

Fresh  1- 

Cured-. 

Dry  salt 

Fresh  beef.. 

Mutton 

Kid 

Canned  meats. --do 

Lardi do 

Lard  substitutes  .do 

Live  poultry do 

Dressed  poultry .  do 

Turkeys do 

Eggs dozen.  _ 

Dairy  products: 
Milk- 
Sweet,  gallons.. 
Canned 

pounds.. 

Powdered 

do..-. 

Sweet  cream 

gallons.. 

Sour  cream 

pounds. - 

Butter      manufac- 
tured— 
From      cream 
I)roduced  lo- 
cally 

pounds.. 

From    sour 
cream  brought 

in pounds.- 

Butter  substitutes 

:..-do--- 

Cheese do 

Ice  cream  3 
gallons. - 


Savannah,  Ga. 


Local  pro- 
duction 


1,  296, 675 


938,  900 
18,018 
7,326 


(') 


(') 


SCO,  059 


80,  640 


28,  800 


196, 183 


Amount 

brought 

in 


850,  355 

3. 125.  941 

6, 104,  893 

7, 501.  449 

20,390 


1, 161,  636 
217,  276 

2,  337,  392 

980,  872 

116,  393 

78.  586 

1.  350, 150 


26,420 

3,  622, 142 

31,  690 

48, 020 


235,  601 
1,  231, 338 


9,600 


Consumption 


Total 


1,  968.  561 

762,  974 

2, 164,  948 

9,  695,  268 

38,  408 

7,326 

445,  818 

(') 
(') 
(') 
(') 


884, 209 
2,  207, 088 


228 


222,  775 
798, 304 


150,  271 


Per 

cap- 
ita 


19.3 

7.5 

21.2 

95.1 

.4 


4.4 


2.2 

7.8 


L5 


Montgomery,  Ala. 


Local  pro- 
duction 


279,000 


2, 923, 680 
16.  230 
4,380 


1.  386. 290 


(0 
144,  970 


51,  775 
265, 560 


225, 365 


Amotmt 

brought 

in 


3,  235, 374 

4,  627, 019 
6,  976,  240 
2,  274.  615 

1,766 


711,  838 

3,  013,  940 

3, 173,  344 

196,  764 

28, 991 

17,  864 

530,  880 


7,843 

1, 057,  666 

116, 116 

743,  568 


318,  349 


143,  543 
2, 423,  507 


Consumption 


Total 


3, 429,  202 
1,  761,  370 

3,  228,  876 

4,  624,  336 

17.996 

4,380 

262,  849 

(') 

1,  555, 844 


1, 187,  505 
289,  948 


(') 


410,  925 


133,  576 
922, 401 


123,  561 


Per 

cap- 
ita 


48.6 
25.0 
45.8 
65.6 
.3 
.1 
3.7 


22.1 


16.8 
4.1 


5.8 


1.9 
13.1 


1  Lard  production  included  in  local  production  of  fresh  pork. 

2  Data  not  sufficient  for  reliable  estimate. 

3  Ice  cream  produced  locally  is  made  from  some  of  the  whole  milk,  poAvdered  milk,  sweet 
roam,  and  sweet  butter,  a  part  of  which  may  have  been  imported. 
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Table  2. — Livestock  pi'oduci»:  Local  production,  imports,  and  oonsumptian  in 
various  cities  of  the  coastal  plains  1025 — Continued 


Item 


Pork: 

Fresh  1 

Cured 

Dry  salt.- 

Fresh  beef 

Mutton 

Kid-. 

Canned  meats 

Lard  • 

Lard  substitute 


pounds 
...do.- 
...do.... 
...do. 
...do. 
...do- 
...do. 
..do.... 
do 


Live  poultry do 

Dressed  poultry. do 

Turkeys do 

Eggs doien.. 

Dairy  products: 
MUk— 

Sweet -gallons.. 
Canned 

pounds.. 

Powdered 

pounds.. 

Sweet      cream 

gallons.. 

Sour       cream 

.- ix)unds.. 

Butter     manufac- 
tured— 
From      cream 
produced  lo- 
cally 

pounds.. 

From     sour 
cream  brought 

in pounds.. 

Butter  substitutes 

pounds.. 

Cheese do 

Ice     cream    * 
gallons.. 


Meridian,  Miss. 


Local  pro- 
duction 


429,000 

"7i7,'396 
108 
95 

— (i)""" 
........ 


1, 138, 800 


(0 
402,  895 


143,  891 
518,  792 


110,823 


Amount 

brought 

in 


320. 496 
1.402,927 
1, 092, 343 

187,  893 
13, 427 


357, 957 

1,532,420 

1,  432, 424 

30, 147 

8,561 

(») 

229,950 


4,294 

253, 464 

18,922 

22,940 

1.  057.  572 


111,  170 


22,659 
661,766 


Consumption 


Total 


Per 

caj)- 
ita 


749, 496 
693,644 
901.686 
882,909 

13,635 

95 

201. 678 

(») 
1,  276, 436 

(') 

(») 

(2) 

(=) 


1,138,800 
88,091 


292, 087 


22,574 
367, 125 

64,  787 


6.3 

(») 
39.9 
(') 
(') 
(') 


35.6 
2.8 


9.1 


Dothan,  Ala. 


Lociil  pro- 
duction 


1L5 
2.0 


361.311 


686, 192 
177 
313 


(0 


(0 
212, 442 


75, 872 
28,128 


Amount 
brought 

iu 


(') 


900.128 

371,  373 

437, 383 

62,101 

237 


167,  632 

169,  361 

487, 021 

3.035 


93.  540 


7,150 

124, 002 

18, 307 

78,  759 


78.  510 


26 
420,922 


Consumption 


Total 


1, 260, 634 
237, 597 
205, 240 
745, 682 
414 
313 
141,  256 

339,665 


(0 
115,  312 


177,434 


26 
330,  764 


Per 
cap- 
ita 


67.1 
12.6 
10.9 
39.7 
.02 
.02 
7.5 


18.1 


0.1 


9.4 


17.6 

(0 


^  Lard  production  included  in  local  production  of  fresh  pork. 
2  Data  not  sufficient  for  reliable  estimate. 

» Ice  cream  produced  locally  is  made  from  some  of  the  whole  milk,  powdered  milk,  sweet 
cream,  uud  sweet  butter,  a  part  of  whicli  may  have  been  imported. 
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Table  2. — Livestock  products':  Local  p7'oduct,ion,  imports,  and  consmnption  in 
various  cities  of  the  coastal  plain,  1925 — Continued 


Florence,  S.  0. 

Albany,  Oa. 

Item 

Local  pro- 
duction 

Amount 

brought 

in 

Consumption 

Local  pro- 
duction 

Amount 

brought 

in 

Consumption 

Total 

Per 

cap- 
ita 

Total 

Per 

cap- 
ita 

Pork: 

Fresh  i pounds.. 

Cured do 

455,  264 

283,984 
769, 713 
886,  670 
693,973 
2,365 

739,  248 
505, 977 
507, 905 
876,  642 
2,365 

42.3 
28.9 
29.1 
50.2 
.1 

143,  325 

189, 830 

956, 168 

2, 122,  862 

115,815 

9,151 

274, 035 

427, 038 
1,  085, 033 

719, 128 

11,431 

1,920 

72,  706 

(2) 

323,453 
(2) 

16.1 
25.1 

Dry  salt    do 

63.8 

Fresh  beef do 

Mutton do 

Kid                       do 

336, 870 

640,  225 
2,280 
1,920 

42.  a 

.7 
.  1 

Canned  meats  .  do 

--—(2)-  — 

........... 

J? 

323, 020 

70,  622 

191,  042 

736, 348 

24,  657 

5,803 

1, 198 

148,890 

6,947 
308,  551 

66,909 
632,  343 

323, 020 

287,  567 

3.8 
0) 
36.2 
(2) 
(2) 
(') 
(') 

18.5 
16.4 

148, 014 

180, 883 

759, 315 

8,073 

4.3 

Lardi do 

Lard  substitute- -do  ... 

(2) 

19.0 

Live  poultry do 

Dressed  poultry -do 

Turkeys do 

Eggs dozen-. 

Dairy  products: 
Milk- 
Sweet -gallons. - 
Canned 
pounds 

(2)- 

(2) 

(2) 
218,  219 

349 
56,  850 

2,880 
149,  669 
4,879 
0) 
68, 404 

94,  868 

(2) 

(2) 

221, 099 
149,  669 

13.1 
8.8 

Powdered 

22, 901 

Sweet      cream 
-     gallons. - 

0) 

113,602 

40,  572 

24,  777 

(2) 
69,  376 

200,  722 

(2) 
133, 196 

47,  570 
24, 430 

(') 

(0 

Sour       ere  am 
pounds 

Butter      manufac- 
tured— 
From      cream 
produced  lo- 
ally. pounds.. 
From       sour 
cream  brought 
in       pounds 

227,  637 

13.0 

153, 063 

9.0 

Butter  substitutes 
pounds 

2,197 
315,813 

2,197 
212, 173 

59,  302 

.1 
12.1 

3.4 

77, 472 
416, 620 

2,268 

46, 161 
245, 171 

58,  359 

2.7 

C^heese           do 

111,  788 

14.4 

Ice      cream  3 
gallons.- 

66, 187 

3.4 

1  Lard  production  included  In  local  production  of  fresh  pork. 

2  Data  not  sufficient  for  reliable  estimate. 

3  Ice  cream  produced  locally  is  made  from  some  of  the  whole  milk,  powdered  milk,  sweet 
cream,  and  sweet  butter,  a  part  of  which  may  have  been  imported. 


PRICES 


Reliable  data  on  milk  prices  were  difficult  to  obtain  in  many 
coastal-plain  cities.  In  general,  however,  retail  prices  for  bottled 
milk  range  considerably  higher  in  cities  located  in  and  near  the 
coastal  plain  than  in  cities  in  other  parts  of  the  country.  (Table  3.) 
The  price  level  remains  fairly  constant  in  some  of  the  larger  cities. 
In  Birmingham  located  just  north  of  the  coastal  plain,  the  price  was 
18  cents  a  quart  during  most  of  1926,  and  17  cents  a  quart  during 
1927.  The  price  in  Savannah  in  1926  was  18  cents  a  quart.  In 
Albany,  Ga.,  through  cooperation  between  producers  and  business 
men,  and  rigid  enforcement  of  sanitary  regulations,  a  year-around 
price  of  18  cents  a  quart  has  been  maintained  since  March,  1925. 
Previous  to  this  time  prices  had  ranged  from  9  to  21  cents  a  quart. 
Retail  prices  in  Meridian,  Miss.,  ranged  from  15  to  I7i/^  cents  a  quart 
in  1926.  In  cities  that  have  a  large  tourist  population  in  winter  there 
is  usually  considerable  pric^  fluctuation  owing  to  seasonal  demand. 
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Price  fluctuations  are  also  common  in  many  of  the  smaller  cities  as 
a  result  of  price  cutting  during  the  surplus  season. 

Table  3. — MiJk:  Retail  price  per  quart  on  routes,  and  dealers'   buying^  price, 
specified  olties  and  dates 

Iln  cents] 


City 


January, 
1025 


Birmingham,  Ala 

Denver,  Colo 

Washington,  D.  C 

Jacksonville,  Fla 

Miami,  Fla 

Tampa,  Fla 

Chicago,  Ul 

Sioux  City,  Iowa 

New  Orleans,  La 

Boston,  Mass 

Kalamazoo,  Mich 

Buffalo,  N.Y 

Asheville.N.  C 


17.75 
12 
14 
17  to  20 
20 
20 
14 
11 
14 

14.5 
13 
13 
16 


July,  January, 
1925     1926 


18 
10 
14 
16  to  20 
25 


18 

12 

15 

18  to  22 

28  to  30 

18  to  25 

14 

11 

14 

13 

13 

13 

17 


July, 


18 

12 

14 
18  to  21 

25 
18  to  25 

14 

10 

14 

14.5 

13 

13 

17 


January, 
1927 


July, 
1927 


17 

17 

12 

15 

15 

20  to  21 

17  to  20 

25 

20  to  22 

18  to  25 

18  to  21 

14 

14 

10 

January, 
1928 


18 
12 
15 

17  to  20 

22 

18  to  21 

14 
10 
14 
16 
13 
13 
17 


Dealers' 
buying  price 
January,  1928 


8.98 

5.27 

7.50 

.17  to  8.98 

.  82  to  12. 49 

10.21 

15.37 

6.37 

6.29 

9.03 

5. 45  to  6. 88 

6.02 

8.17 


From  Crops  and  Markets,  U.  S.  Department  of  Agriculture  (fO). 
1  Price  at  country  plants. 

Prices  that  producers  in  the  coastal  plain  receive  for  fluid  milk 
average  considerably  higher  than  those  received  by  producers  in 
other  parts  of  the  country  and  are  subject  to  much  wider  seasonal 
fluctuations.  Prices  paid  per  gallon  to  producers  in  the  Savannah 
section  in  1925-20  were  about  as  follows :  September  to  January,  40 
cents;  February  and  March,  35  cents;  April  to  June,  30  cents;  and 
July  and  August,  35  cents.  In  Montgomery^  which  is  in  a  relatively 
low-cost  milk  territory,  firms  that  were  manufacturing  ice  cream  and 
butter  and  selling  pasteurized  milk,  paid  30  cents  a  gallon  for  milk 
from  October  to  March  and  25  cents  a  gallon  from  April  to  Septem- 
ber in  1925-26.  Wholesale  prices  in  Meridian  in  1926  ranged  from 
22  cents  a  gallon  for  milk  in  cans  to  40  cents  a  gallon  for  bottled  milk. 


DISTEIBUTION 

Distribution  methods  in  most  cities  of  the  coastal  plain  were  found 
to  be  inefficient  and  expensive  because  of  the  large  number  of  retail 
distributors  and  the  resulting  duplication  of  service  and  equipment. 
In  1926  Savannah  had  44  inspected  dairies  averaging  54  cows  each. 
Many  of  these  dairies  maintained  milk  routes,  and  in  addition  there 
were  10  bottling  plants  and  81  milk  depots  retailing  milk.  There 
was  so  much  competition  that  it  was  practically  impossible  to  have 
bottles  returned  or  to  get  deposits  on  them,  and  the  loss  from  this 
source  was  heavy.  A  somewhat  similar  condition  with  reference  to 
the  number  of  retailers  existed  in  Montgomery,  where  38  of  the  66 
inspected  dairies,  3  ice-cream  plants,  and  numerous  milk  depots  were 
retailing  milk.  In  either  of  these  cities  one  or  two  reliable  firms 
could  handle  the  distribution  and  could  probably  lower  the  price  to 
the  consumer  by  reducing  distribution  costs  through  efficient  business 
practices  and  sanitary  methods  of  handling. 

One  of  the  direct  results  of  inefficient  distribution  is  Usually  too 
wide  a  margin  between  what  the  producer  receives  and  the  price  paid 
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by  the  consumer.  In  most  cities  of  the  coastal  plain  this  martrin 
ranges  from  8  to  10  cents  a  quart,  whereas  in  many  cities  farther 
north  the  distributor's  margin  is  around  6  cents,  or  even  less.  For 
example,  in  Richmond,  Va.,  it  is  only  5I/2  cents  a  quart.  Richmond 
is  in  a  rather  high-cost  milk  territory,  but  because  two  large  concerns 
liandle  all  the  distributing,  milk  is  handled  economically,  and  both 
producers  and  consumers  receive  fair  treatment. 

High  retail  prices,  insanitary  methods  of  handling,  and  inefficient 
systems  of  distribution  are  usually  reflected  in  low  consumption  of 
fluid  milk  and  high  consumption  of  condensed  and  evaporated  milk. 
In  Savannah,  where  the  total  production  of  milk  for  all  purposes 
during  1925  amounted  to  a  daily  per  capita  consumption  of  less  than 
0.2  pint,  the  annual  per  capita  consumption  of  canned  milk  for  the 
same  period  was  21.6  pounds.  Florence,  S.  C,  and  Albany,  Ga.,  are 
large  users  of  canned  milk.  Better  sanitary  measures  and  better 
systems  of  distribution  will  tend  to  narrow  the  distributor's  margin, 
lower  prices  to  consumers,  and  increase  the  consumption  of  fluid 
milk. 

SOTTRCES    Ol'^    SUPPLY 

Milk  for  consumption  in  cities  in  the  coastal  plain  outside  of 
Florida  is  practically  all  produced  by  a  comparatively  few  dairymen 
located  near  the  cities.  The  principal  exceptions  to  this  are  Savannah 
and  Meridian.  In  1925-26  Savannah  was  receiving  approximately 
2,000  gallons  of  milk  a  day  from  middle  Georgia  points,  and  Merid- 
ian was  being  supplied  mainly  from  the  Black  Prairie  Belt  in  east- 
ern Mississippi  and  western  Alabama.  Production  around  Albany, 
Ga.,  was  sufficient  for  city  needs,  and  in  the  spring  there  was  a  sur- 
plus that  was  shipped  to  Jacksonville,  Fla.  Montgomery  was  in  a 
surplus  milk  section,  and  a  number  of  dairymen  were  shipping  to 
other  sections. 

Farms  producing  milk  for  city  trade  vary  widely  as  to  type.  Some 
are  specialized  dairy  farms,  and  others  combine  dairying  with  other 
farm  enterprises.  Many  of  the  dairymen  located  near  the  larger 
cities  have  relatively  large  herds  and  produce  little  to  sell  except 
milk.  In  many  instances  dairymen  of  this  type  purchase  a  large 
proportion  of  the  feed  consumed.  For  example,  of  14  dairy  farms 
near  Savannah  that  Avere  studied  only  1  produced  a  money  crop  in 
1925,  although  several  raised  poultry  and  sold  chickens  or  eggs. 
On  these  farms  93  per  cent  of  the  feed  was  purchased.  A  somewhat 
similar  situation  as  regards  the  proportion  of  feed  purchased  pre- 
vailed around  Columbus,  Ga.  Here  96  per  cent  of  the  feed  consumed 
was  purchased,  but  about  one-third  of  the  farms  were  producing  a 
money  crop.  On  farms  supplying  Charleston  with  milk,  dairying 
was  the  leading,  and  truck  growing  a  secondary  enterprise.  The  14 
farms  studied  in  this  locality  were  purchasing  66  per  cent  of  the 
feed  consumed. 

Production  practices  of  dairymen  supplying  fluid  milk  to  the  city 
trade  in  the  different  sections  studied  are  shown  in  Table  4. 

Around  Savannah  pastures  were  generally  poor  and  furnished  a 
relatively  small  percentage  of  the  feed,  and  the  quantity  of  concen- 
trates fed  per  100  pounds  of  milk  produced  was  high.  The  average 
ration  was  unnecessarily  high  in  grain  and  low  in  succulent  and  dry 
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forage  as  well  as  in  protein  concentrates.  Production  of  the  differ- 
ent herds  ran<red  from  less  than  3,000  to  nearly  6,500  pounds  of  milk 
per  cow,  the  aveiaji^e  being  5,102  j)ounds  i)er  cow.  Production  per 
cow  of  the  five  herds  producing  at  the  lowest  cost  per  100  pounds 
of  milk  was  1,G50  pounds  al)ove  the  average  of  the  four  herds  having 
the  highest  cost  per  100  pounds.  A  balanced  ration  supplemented 
with  productive  permanent  pastures,  home-grown  legume  rougiiage, 
and  silage  would  reduce  costs  materially. 

Table  4. — Coftt  of  milk  product nm.  and  related  data  on  farms  where  millc  icas 
produced  in  territory  tnhutary  to  cities  in  the  coastal  plain 


Georgia 

South  Carolina 

Alabama 

MLssis- 
sippi 

Item 

Savan- 
nah 

Colum- 
bus 

South 
Georgia 
towns 

Colum- 
bia 

Charles- 
ton 

Flor- 
ence, 
Dar- 
ling- 
ton,and 
Orange- 
burg 

Black 
Belt 

South 
Ala- 
bama 
cities 

Brook- 
haven 

Farms  rPiMirtinp... number. - 

Cows,  dairy,  per  bead. do 

Milk: 

Production    per    cow 

pounds.. 

Farms  retailing  all  time 
number 

14 

50 

6,102 

6 
39 

5,692 
4 
2 

167 
31 

42 
8 
3 

7 
15 

5,148 

3 

2 

2 

192 
100 

19 
26 
60 

19 

26 

5,949 

6 

10 

3 

162 
58 

32 
10 
19 

10 

5 
10 

14 
36 

6,104 

3 

2 

9 

271 
62 

88 

1 

16 

6 

4 
3 
6 
3 
11 

24 

18 

5,180 

10 

4 

10 

270 
120 

29 
27 
32 

26 

1 
34 

3 
10 

8 
41 

4,492 

3 

3 

2 

944 
288 

396 
140 

55 

... 

16 
25 

4,604 

9 

5 

2 

192 
87 

56 
25 
23 

5 

7 
7 

25 

18 

4,159 

Farms  retailing  part  time 

number.. 

Farms    wholesaling    all 

time number.. 

Farm  acreage  oiwated 
acres.. 

2 

12 

374 
46 

88 

25 
221 

Crops do 

Permanent  pasture 

_- ..acres.. 

Cotton                    do.  .- 

37 

54 
11 

Com do 

Com  and  velvet  beans 

acres  . 

13 

14 
4 

Corn,  velvet  beans,  and 

Oats  and  rye do 

\'elvet-bean  hay     do 

13 

11 

14 

1 

Soy-bean  hay do 

Cowpeahay do 

Johnson-grass  hay  do 

' 2 

43 
43 

3 
10 

5 
2 

1 

45 
37 

62 
75 

other  crops do 

Percentage  of  farms  raising: 

10 

57 
29 

7 

35 
65 

10 

25 

5 

12 

40 
67 

9 

79' 

19 

66 
75 

6 

19 

31 

11 
76 

Corn do 

Com  and  peanuts 

'^ 

88 

Com  and  velvet  beans 
percent.. 

Corn,  peanuts,  and  vel- 
vet beans percent.. 

14 

71 

14 
14 
14 
71 
14 

13 
13 

67 

14 
4 

33 
12 

Tobacco                  do.  .. 

7" 

21 

29 
29 
43 
14 
14 

Sweet  potatoes do 

Watermelons do 

Cowpea  hay. do 

Velvet-bean  hay.  -do 

15 
10 
35 

40 
33 

57 
13 
40 

7 

46 
11 
32 
4 
W 
18 

""i2" 

60 
12 
19 

60 

4 

4 

Soy-bean  hay do 

(^rabgrass  hay        do 

IV 

29 
14 
14 

15 

12 

19 

33 

Peanut  hay            do 

19 

4 

62 

14 

6 

112 

other  livestock,  per  farm: 
Work  animals. number.. 
Brood  sows do 

3 

2 

37 

1 
62' 

2 

2 

71 

2 

3 

5 

2 

60 

3 

2 

127 

3 

1 

Chickens do.... 

68 

85 

67 

26 
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Table  4. — Cost  of  niilJc  production  ancL  related-  data  on  farms  where  milk  was 
produced  in  territorif  tributanj  to  cities  in  the  coastal  plain — Continued 


Georgia 

South  Carolina 

Alabama 

Missis- 
sippi 

Item 

Savan- 
nah 

Colimi- 
bus 

South 
Georgia 
towns 

Colum- 
bia 

Charles- 
ton 

Flor- 
ence, 
Dar- 
ling- 
ton, and 
Orange- 
burg 

Black 
Belt 

South 
Ala- 
bama 
cities 

Brook- 
haven 

Percentage  of  farms  feeding: 

Mixed  feed per  cent.. 

Corn do 

Cottonseed  meal,  .do 

Bran do 

Cottonseed  hulls.. do 

Silage do 

100 

57 
57 
50 
14 
21 
79 
50 

97 
31 
21 
20 

93 

100 
64 

57 
100 
100 
57 
86 

43 

14 

100 

67' 

95 
42 
74 
26 
68 
11 
37 
84 

96 

10 

4 

81 

89 

75 
40 
30 
10 

93 
57 
79 
21 
21 
36 
50 
93 

60 
33 

7 
56 

66 

40 
67 

96 

54 
58 
4 
54 
17 
17 
96 

75 

23 

3 

66 

73 

68 
61 
46 
14 

12.5 
38 
100 

12.5 
38 
50 

88 

43 

58 

33' 
37 

100 
37 

75 
75 
94 
6 
62 
25 
19 
62 

63 

41 

1 

62 

87 

100 
69 
25 
31 

28 
48 
100 

28 
52 
8 

Beet  pulp do 

Hay do 

Average  quantity  of  feed  fed 
per  100  pounds  milk  pro- 
duced: 
C  oncentrates ...  pounds  - . 

Silage ..do-.._ 

Beet  pulp do 

All  dry  roughage.. do 

Percentage  of  total  feed 
purchased. _.per  cent.. 
Percentage  of  farms  grazing: 
Permanent  pasture 

percent.. 

Woods  pasture 

per  cent. - 

Corn  and  velvet  beans 
.percent 

86 
86 

80 
39 
26 
55 

96 

86 

71 

29 

29 

56 

26" 
26 

93 

86 
71 
14 
14 

20 

44 

67 

19 

1 

28 

91 

92 
62 
44 

Corn,  velvet  beans,  and 
peanuts     . . .  per  cent . 

Cost  of  producing  100  pounds 
of  milk: 
Value  of— 

Concentrates       and 

roughage.. dollars.. 

Pasture do 

2.87 
.12 

2.53 
.17 

1.77 
.28 

2.74 
.16 

2.04 
.14 

2.50 
.33 

.76 
.27 

1.99 
.31 

1.29 

.28 

Total  feed... do 

Labor do 

Equipment.. -do 

Interest ..do 

Miscellaneous.do 

2.99 
.80 
.18 
.14 
.93 

2.70 
.84 
.14 
.12 

1.06 

2.05 
1.13 
.23 
.12 
.71 

2.80 
1.26 
.16 
.13 
.65 

2.18 
.92 
.11 
.12 
.51 

2.83 
1.07 
.19 
.19 
.67 

1.03 
.58 
.16 
.11 
.16 

2.30 
.99 
.17 
.13 
.53 

1.57 
.83 
.12 
.10 
.22 

Total  cost... do 

Credit  per  100  pounds 
milk   produced 
dollars.. 

5.04 
.21 

4.86 
.28 

4.24 
.31 

5.10 
.11 

3.84 
.26 

4.95 
.51 

2.04 
.35 

4.12 
.39 

2.84 
.37 

Net  cost do 

4.83 

5,174 

2,757 

2.30 
46.00 

37.00 
1.09 
4.75 

48.00 

4.5 

4.58 

3.93 

4.99 

3.58 

4.44 

1.69 

3.73 

2.47 

Investment: 

Herd do.... 

Equipment do 

Value  of: 

Permanent  pasture  per 

acre dollars.  . 

Mixed  feed  per  ton 

dollars.. 

Cottonseed  meal  per  ton 

dollars.. 

Corn  per  bushel.,  .do 

Silage  per  ton         do 

2,888 
1,734 

2.75 

50.00 

35.00 
1.00 

1,120 
1,361 

3.00 
50.00 
34.00 

2,756 
2,039 

2.75 

48.00 

34.00 

.98 

7.00 

46.00 

4.9 

3,466 
2,374 

2.05 

46.00 

36.00 

.88 

6.25 

45.00 

4.2 

1,928 
1,163 

2.80 

52.00 

35.00 

.93 

6.60 

54.00 

5.4 

2,141 

1,841 

1.10 

40.00 

32.00 

.80 

5.50 

4.6 

1,739 
1,151 

2.30 

54.00 

36.00 

.98 

5.00 

42.00 

5.1 

958 
403 

1.85 

39.00 

38.00 
1.11 

Beet  pulp  per  ton.. do 

Hours  of  labor  per  100 

pounds  milk  produced 

number.- 

63.00 
5.6 

7.2 

45.00 
5.25 

In  the  Charleston  section  production  practices  were  fairly  good. 
Nearly  all  the  roughage — including  considerable  legume  hay — and 
part  of  the  concentrates  was  home  grown.    The  average  production 
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of  milk  per  cow  was  6,104  pounds.  The  production  of  home-grown 
feed  and  the  high  average  production  per  cow  were  reflected  in  lower 
milk-production  costs  than  prevailed  around  Savannah.  Better 
l^astures  and  a  better  system  of  distribution  are  the  principal  needs 
of  dairymen  in  this  section. 

Around  Columbia,  S.  C,  dairying  was  usually  combined  with  other 
farm  enterprises,  such  as  cotton  or  truck  crops.  Little  of  the  feed 
was  raised  for  tlie  dairy  cows,  96  per  cent  of  feed  consumed  being 
purchased.  Pastures  were  poor,  as  they  are  difficult  to  establish  on 
the  sandy  soil  of  this  section..  Most  of  the  dairymen  were  doing 
their  own  distributing.  An  efficient  system  of  distributing  would 
permit  dairymen  to  devote  more  time  to  the  production  of  feed  and 
the  supervision  of  feeding  and  would  probably  attract  more  side-line 
dairying  from  cotton  farmers  near  thei  city. 

The  cities  of  Florence,  Darlington,  and  Orangeburg,  S.  C,  are 
located  in  one  of  the  best  sections  of  the  State  for  the  production  of 
corn,  cotton,  velvet  beans,  and  soy  beans.  In  general,  the  production 
practices  of  dairymen  in  this  section  were  not  as  good  as  the  feed- 
producing  possibilities  of  the  section  justified.  Of  the  24  farms 
studied  only  4  had  silos,  but  10  raised  all  the  roughage  fed  to  the 
dairy  cows. 

Practices  in  the  production  of  fluid  milk  were  similar  around  small 
cities  in  southern  Georgia  and  southeastern  Alabama.  (Table  4.) 
The  herds  were  relatively  small,  and  most  of  the  dairymen  did  their 
own  retailing.  Dairying  was  usually  combined  with  the  production 
of  cotton  and  other  crops.  Production,  costs  per  100  pounds  of  milk 
were  considerably  lower  here  than  in  the  sections  previously  dis- 
cussed. Tlie  quantity  of  concentrates  a.nd  dry  roughage  fed  was 
reduced  by  permanent  pasture  for  summer  and  grazing  corn  and 
velvet  bean  fields  in  winter.  Cottonseed  meal  was  the  principal  con- 
centrate used,  and  hulls  were  fed  to  considerable  extent.  Peanut  hay 
was  an  important  feed  for  dairy  cows  in  this  section.  Better  bal- 
anced rations  and  increased  production  per  cow  were  the  greatest 
needs  of  dairying. 

In  the  larger  cities,  where  wholesale  markets  are  available,  whole- 
milk  producers  have  been  shifting  from  retailing  to  wholesaling  dur- 
ing the  past  few  years.  Wholesaling  requires  considerably  less  labor 
and  equipment  than  retailing  and  is  usually  attended  with  less  risk. 
Moreover,  it  permits  the  producer  to  give  his  entire  attention  to  his 
dairy  and  to  the  economies  of  production.  Retailing  on  an  extensive 
scale  is  a  busine.ss  in  itself  and  ordinarily  is  l)est  done  by  a  firm 
organized  and  equipped  to  handle  the  product  in  an  economical  and 
sanitary  manner.  In  cities  not  large  enough  to  support  a  large  dis- 
tributor each  producer  usually  does  his  own  retailing.  In  general, 
wholesaling  is  advisable  where  an  efficient  distributing  agency  is 
available.  Retailing  is  advisable  where  the  producer  has  an  estab- 
lished trade  and  produces  a  quality  that  enables  him  to  command  a 
fancy  price  for  his  product. 

The  cost  per  hundred  pounds  of  milk  is  given  in  Table  4  for  the 
purpose  of  showing  the  relative  importance  of  the  different  items 
entering  into  the  production  of  milk  and  to  show  the  effect  of  various 
production  practices  within  a  section  or  area  upon  the  cost.  Any 
comparison  of  cost  among  sections  of  the  coastal  plain  should  be  made 
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with  the  understanding  that  the  vakies  of  the  items  entering  into 
cost  of  production  are  determined  largely  by  the  returns  from  the 
dairy  enterprise  and  competing  enterprises;  that  is,  by  the  returns 
from  the  farm  as  a  whole.  For  instance,  in  Georgia,  permanent 
pasture  may  be  grazed  by  hogs  or  other  livestock,  or  the  land  may 
be  used  for  producing  corn,  cotton,  or  other  crops.  If  this  land  is 
valued  at  $75  per  acre  for  these  other  uses,  the  dairy  herd  will  have 
to  be  charged  with  the  use  of  this  $75  land  when  this  land  is  pastured 
by  cows.  Thus  a  major  item  in  the  cost  of  producing  milk  may  be 
determined  by  the  value  of  land,  which  in  turn  is  largely  determined 
by  the  returns  from  the  farm  as  a  whole. 

Before  the  boll  Aveevil  and  Johnson  grass  became  serious  pests  in 
the  Black  Prairie  Belt,  farm  land  Avas  valued  much  higher  than  at 
present  because  the  returns  from  cotton  production  were  much  larger 
than  at  present  and  were  reflected  in  the  values  put  on  farm  land. 
Crop  land  used  for  pasture  at  that  time  Avould  have  been  valued 
on  the  basis  of  its  value  for  cotton  production.  Since  the  decline  in 
returns  from  cotton  production  in  this  section,  no  system  of  farming 
for  the  section  has  been  widely  developed  that  will  bring  as  large 
returns  as  a  whole  as  it  formerly  received.  Consequently,  land  values 
have  declined  even  though  scattered  farms  may  be  returning  satisfac- 
tory incomes.  The  low  land  values  are  reflected  in  low  grazing  costs 
for  milk  production. 

POSSIBILITY   OF   INCREASING   DEMAND    FOB    AND    CONSUMPTION    OF    FLUID   Mn>K 

From  the  relatively  low  consumption  of  fluid  milk  in  cities  in  the 
coastal  plain  as  compared  with  consumption  in  cities  in  other  parts 
of  the  country,  it  would  see«i  that  there  are  possibilities  of  increasing 
the  demand  for  and  consumption  of  milk  in  coastal-plain  cities. 
The  adoption  of  distribution  methods  that  would  eliminate  some  of 
the  needless  duplication  of  service  and  equipment  and  the  enforcement 
of  sanitary  measures  tending  to  keep  down  the  bacterial  count  and 
minimize  spoilage  and  the  resulting  waste,  would  probably  result  in 
stabilized  prices  and  lowTr  milk  costs  to  the  consumer.  Such  reduc- 
tion in  price,  together  with  some  publicity  relative  to  the  value  of 
milk  as  a  food,  would  tend  to  increase  the  demand  for  milk  in  these 
cities  and  stimulate  production  in  favorable  sections. 

It  is  obvious  that  there  are  possibilities  for  increasing  consumption, 
but  it  must  be  borne  in  mind  that  such  an  increase  would  offer 
opportunity  to  a  comparatively  few  of  the  total  number  of  farmers 
in  the  area.  A  considerable  increase  in  consumption  could  be  taken 
care  of  by  increasing  production  per  cow  or  by  increasing  the  size 
of  present  herds.  The  average  daily  consumption  of  milk  in  four 
rej)resentative  cities  is  shown  to  have  been  slightly  less  than  0.4  pint 
per  capita.  Should  the  daily  consumption  be  increased  to  0.5  pint 
per  capita,  such  increase  for  each  1,000  persons  could  be  supplied  by 
20  cows  having  an  annual  production  of  4,000  pounds  of  milk  each. 

IN   FLORroA 

The  population  of  Florida  cities  constitutes  a  much  greater  per- 
centage of  the  total  population  of  the  State  and  is  increasing  at  a 
more  rapid  rate  than  is  urban  population  in  other  parts  of  the 
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coastal  plain.  None  of  the  larger  Florida  cities  are  located  in  milk- 
surplus  sections,  and  all  are  dependent  on  shipped-in  milk  for  at 
least  a  portion  of  their  supply.  This  condition  makes  the  securing 
of  an  adequate  supply  of  fluid  milk  a  real  problem  in  practically 
all  Florida  cities,  even  in  normal  seasons,  and  during  the  winter- 
tourist  season  the  situation  becomes  acute.  Nor  is  this  situation 
likely  to  change  radically  in  the  near  future,  for  Florida  conditions 
are  such  that  local  production  can  hardly  be  expected  to  keep  pace 
with  the  normal  increase  in  urban  population. 

The  urban  population  of  Florida  was  355,825  in  1920.  According 
to  the  Bureau  of  the  Census  estimates  for  January  1,  1926,  the  popu- 
lation of  Jacksonville  was  137,100;  Miami,  129,100;  Tampa,  102,200; 
St.  Petersburg,  45,800 ;  and  Orlando,  22,225.  The  population  of  these 
five  cities  increased  over  216,000,  or  more  than  113  per  cent  between 
1920  and  1926,  and  the  population  of  many  smaller  towns  also 
increased  tremendously  during  this  period.  On  the  basis  of  these 
increases  the  total  urban  population  of  Florida  was  probably  con- 
siderably in  excess  of  600,000  in  1926. 

CONSUMPTION  AND  DEMAND 

The  daily  per  capita  consumption  of  milk  in  Florida  cities  is  about 
on  a  i)ar  with  consumption  in  cities  in  other  parts  of  the  coastal  plain 
(see  p.  19),  and  considerably  below  that  of  cities  outside  of  the 
coastal  plain.  Low  consumption  in  Florida  cities  is  largely  attrib- 
utable to  high  prices,  to  the  difficulty  of  keeping  milk  sweet  during 
warm  weather,  and  to  the  large  quantity  of  shipped-in  milk  that 
comes  from  a  distance,  which  is  generally  regarded  as  less  desirable 
Ihan  fresh  local  milk.  Increased  production  of  milk  locally  or  in 
near-by  sections  and  greater  care  in  handling  would  probably  tend 
to  lower  prices  somewhat  and  increase  the  consumption  of  fluid  milk 
in  Florida  cities.  It  is  significant,  however,  that  the  rapid  increase 
in  Florida's  population  will  necessitate  procuring  an  increased 
supply  of  milk  even  though  there  is  no  increase  in  the  per  capita 
consumption. 

PRICES 

Retail  milk  prices  in  Florida  cities  ranged  higher  than  in  cities  in 
other  parts  of  the  coastal  plain  and  were  considerably  above  those  in 
northern  and  western  cities.  (Table  3.)  When  Miami  was  paying 
25  cents  and  Tampa  18  to  25  cents  a  quart  for  milk,  Chicago,  Boston, 
and  Buffalo  were  paying  13  to  14.5  cents.  Prices  to  consumers  in 
Florida  cities  were  subject  to  rather  wide  fluctuations  on  account  of 
the  quality  of  product  and  seasonal  demand.  They  were  possibly 
more  stable  in  Jacksonville  than  in  Miami  and  other  cities  having  an 
exceptionally  large  winter-tourist  population.  The  peak  in  prices 
occurred  in  1926.  In  this  year  consumers  were  paying  from  18  to 
22  cents  a  quart  in  Jacksonville;  from  28  to  30  cents  in  Miami;  and 
from  18  to  25  cents  in  Tampa.  The  character  of  the  population  in 
Florida  during  the  tourist  season  makes  it  j)Ossible  to  charge  high 
l)rices  for  milk,  for  with  this  class  of  trade  quality  is  more  of  a  con- 
sideration than  price. 
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Prices  paid  to  local  producers  for  milk  delivered  at  distributors' 
plants  from  April,  1925,  to  April,  1926,  had  a  range  of  from  35  to  45 
cents  a  gallon  in  Jacksonville ;  from  40  to  50  cents  in  Tampa ;  and 
from  40  to  60  cents  in  Orlando.  During  this  period  the  wholesale 
price  in  Miami  remained  fairly  constant  at  65  cents  a  gallon.  (Table 
5.)  The  distributor's  margin  during  this  period  ranged  from  8  to 
9%  cents  a  quart  in  Jacksonville;  from  6  to  12  cents  in  Orlando; 
from  10  to  121/2  cents  in  Tampa ;  and  from  8%  to  13%  cents  a  quart 
in  Miami. 


Table  5. — Milk:  Price  of  milk  per  ffoMon,  specified  cities  in  Florida 
RETAIL  PRICE  PAID  BY  CONSUMER  FOR  BOTTLED  MILK 


City 

1925 

1926 

January 

AprU 

July 

October 

January 

April  ■ 

Cents 
72 
88 
80 
100 

Cents 
72 
88 
80 
100 

Cents 
72 
64 
80 
100 

Cents 
82 
88 
88 
120 

Cents 

84 
84 
100 
120 

Cents 
84 

Orlando                                       -  

84 

Tampa.         .. 

100 

Miami                          -  

100 

PRICE  PAID  BY  DISTRIBUTORS  TO  LOCAL  PRODUCERS  FOR  MILK  DELIVERED  AT 

THE  PLANT 


^  Jacksonville 

Orlando 

Tampa 

Miami 


40 

40 

35 

45 

45 

60 

4p 

40 

60 

60 

40 

40 

40 

42^ 

50 

66 

66 

66 

65 

65 

DISTRIBUTION 


In  1925,  Jacksonville  had  95  inspected  dairies  having;  a  total  of 
4,851  cows  and  about  500  family  cows  supplying  milk  to  the  city. 
(Tables  6  and  7.)  Approximately  one-half  of  the  producers  were 
retailing  their  own  milk;  four  distributors  handled  the  remainder 
of  the  retailing.  Three  distributors  handled  52  per  cent  of  the  city's 
milk  trade,  one  of  these  handling  32  per  cent.  Competition  was  keen, 
and  some  price  cutting  was  prevalent.  In  1926,  108  herds  hav- 
ing a  total  of  6,477  cows  were  producing  milk  for  Tampa.  About 
one-third  of  these  dairymen  did  their  own  retailing;  the  others  sold 
the  milk  through  six  distributors.  Three  of  these  distributors 
handled  about  80  per  cent  of  the  milk  not  retailed  by  producers. 
Orlando  had  50  herds  with  a  total  of  1,928  cows.  About  half  of  the 
producers  retailed  their  milk,  and  three  distributors  handled  the 
product  of  the  other  herds.  In  Miami  the  bulk  of  the  retail  trade 
was  handled  by  six  distributors.  There  were  48  dairymen  with  a 
total  of  5,000  cows,  but  only  9  were  retailing  milk. 
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Taklk  6. — Distribution  of  dairies  hy  number  of  coica,  Jacksonville,  Fla.,  June 

1,  1926 


Number  of  cows  per  dairy 

Dairies 

Total 
cows 

Whole- 
salers 

Retailors 

Wholc- 
sixlers  and 
re  trailers 

1  to  15     

Number 
9 
15 
25 
12 
12 
3 

Number 
120 
369 
909 
549 
689 
189 
382 
360 
495 
110 
117 
161 
191 
210 

Number 
6 
9 
13 

8 

7 
1 
1 
1 
1 

Number 

I 

11 
4 

\ 

3 
3 
3 

1 

Number 

16  to  30                                             .      .          

1 

31  to  40 

1 

41to50              

61  to  60                                                    

1 

61  to  70 

71  to  80                                                 

1 

81  to  90 

91  to  100                   

1 

101  to  110                                             

Ill  to  120 

I 



1 
1 

Over  120                                                 .... 

Total 

96 

4,851 

47 

42 

6 

Table  7. — Distribution  of  local  milk  producers,  number  of  distributers,  and 
number  of  cows  in  Florida  cities,  1926 


Producers 

Distrib- 
utors 

City 

Total 

Whole- 
salers 

RetaUers 

Whole- 
salers 
and 
retailers 

Cows 

Jacksonville- 

Number 
95 
108 
50 
48 

Number 
47 
74 
24 
39 

Number 
42 
34 
26 

Number 
6 

Number 
4 
6 
3 
6 

Number 
4, 851 

Tampa 

6,477 

Orlando 

1,928 

Miami 

9 

5,000 

In  general,  conditions  with  respect  to  distribution  were  much  the 
same  m  Florida  cities  as  in  most  cities  in  other  parts  of  the  coastal 
plain.  Too  many  producers  were  also  engaged  in  retailing.  Duplica- 
tion of  equipment  and  the  covering  of  the  same  territory  by  several 
distributors  resulted  in  w4de  distribution  margins.  It  is  probable  that 
in  each  city  of  100,000  population  two  large  distributors  could  handle 
all  the  milk,  could  pasteurize  more  economically,  and  would  have  a 
volume  of  business  large  enough  to  enable  them  to  reduce  the  price  to 
consumers,  and  stilJ  earn  a  satisfactory  return  for  themselves.  The 
producers  would  be  able  to  devote  more  attention  to  production  prob- 
lems and  would  operate  more  efficiently  if  they  sold  their  milk  whole- 
sale to  reliable  distributors. 

Milk  shipped  into  Florida  from  northern  sections  is  practically 
all  distributed  by  distributing  firms.  Very  little,  if  any,  of  this 
shipped  milk  is  distributed  in  Jacksonville  as  most  of  it  is  sent  to 
other  Florida  cities.  In  many  instances  the  shipped-in  milk  is  mixed 
w  ith  that  produced  locally  before  being  bottled  for  retailing. 


SOURCES  OF  SUPPLY 


Local   dairies  were  inadequate  to  supply  the  demand  for  milk  in 
Florida  cities.      This  condition  made  necessary  the  shipping  in  of 
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considerable  quantities  from  surplus-milk  sections.  During  the  18- 
month  period  from  January,  1925,  to  June,  1926,  milk  was  shipped 
from  as  far  as  Wisconsin  into  Florida.  Practically  all  of  this  was 
shipped  in  carload  lots.  Table  8  gives  some  idea  of  the  wide  terri- 
tory drawn  upon.  About  75  per  cent  of  the  total  number  of  cans  of 
milk  and  cream  were  of  milk.  December,  January,  and  February 
were  the  months  of  heaviest  receipts.  Table  9  shows  the  monthly 
variation  of  milk  and  cream  received  during  this  18-month  period. 

Table   8. — Milk   and   cream:  Percentage   of   the    total   quantity    shipped,   into 
Florida,  ly  districts,  January,  1925-June,  1926 


[Quantity  shipped  from  each  district  expressed  as  a  per  cent  of  the  total  amount  for  all  districts] 

District 

Milk 

Cream 

District 

Milk 

Cream 

Per  cent 

Per  cent 
11 
10 
15 
9 
1 
13 
2 
7 

Per  cent 
1 

12 
18 
2 
12 
2 

Per  cent 
1 

North-central  Wisconsin      . 

5 
1 
2 
2 

21 

Shenandoah  Valley,  Va 

3 

Southern  Wisconsin  . 

Richmond,  Va.  

18 

Illinois              

Charlotte,  N.  C 

1 

East-central  Indiana 

Selma,  Ala 

4 

Other  points 

5 

Total 

Southeastern  Pennsylvania 

100 

100 

Table  9. 


-Milk  and  cream:  Percentage  of  the  average  monthly  receipts  shipped 
into  Florida,  by  months,  January,  1925^un€>,  1926 


Year  and  month 

Milk 

Cream 

Year  and  month 

Milk 

Cream 

1925 
January 

Per  cent 
56 
92 
64 
13 
14 
17 
48 
95 
122 
160 

Per  cent 
83 
94 
100 
70 
51 
■     73 
49 
73 
101 
100 

1925 
November    _  _ 

Percent 
160 
196 

193 
253 
170 
89 
39 
20 

Per  cent 

111 

December 

113 

March                                   .  .  .  . 

1926 
January     

April-  

Mav                                -    -- 

177 

June 

February 

200 

July                             

149 

August 

April 

95 

M^y...:_:::::::-:-:..: 

June 

106 

October 

54 

Long-distance  car-lot  shipments  were  usually  made  in  refrigerator 
cars  holding  two  hundred  10-gallon  cans  covered  with  broken  ice. 
The  temperature  of  the  milk  in  these  cans  usually  rises  only  a  few 
degrees  during  the  trip.  Insulated  tanks  holding  6,000  gallons  have 
been  used  to  a  limited  extent  and  were  satisfactory  for  holding  the 
temperature  in  transit.  Special  receiving  tanks  are  required  for 
this  large  quantity  of  milk  and  are  in  themselves  a  large  investment. 
Shipping  milk  long  distances  (taking  from  36  to  72  hours  in  transit 
in  addition  to  several  hours  in  assembling  at  shipping  point)  has 
certain  disadvantages,  even  though  a  low  temperature  is  maintained. 

Health  authorities  have  little  or  no  control  over  sanitary  conditions 
at  shipping  points  in  distant  States,  and  as  a  consequence  it  is  usually 
required  that  milk  be  pasteurized  both  at  its  origin  and  at  its  destina- 
tion. This  double  pasteurization  is  likely  to  detract  from  the  quality 
of  the  milk.  At  the  time  of  this  study  several  health  authorities 
stated  that  milk  shipped  long  distances  ripened  very  quickly  Avhen 
removed  from  refrigerators  and  required  very  careful  handling  to 
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avoid  heavy  loss,  and  that  such  milk  does  not  stand  bottling  and 
retailing  as  well  as  docs  the  fresh  local  milk. 

The  importance  of  the  importation  of  milk  into  Florida  is  shown 
in  Table  10.  In  most  cities  local  production  was  nearly  ade(|uate 
to  supply  the  demand  during  the  summer,  but  during  the  wmter 
months  practicallv  all  Florida  cities  have  to  depend  on  shipped-in 
milk  for  a  considerable  proportion  of  their  supply.  In  January, 
1926,  over  200,000  gallons  of  milk  were  shipped  into  Miami  alone. 
This  was  nearly  as  much  as  was  produced  by  local  dairymen  during 
the  same  period.  Miami  was  the  largest  consumer  of  shipped-in 
milk,  and  from  September,  1925,  to  June,  1926,  received  approxi- 
mately 49  per  cent  of  the  milk  and  20  per  cent  of  the  cream  shipped 
into  Florida  in  carload  lots.  Jacksonville  during  the  same  period 
received  19  per  cent  of  the  milk  and  50  per  cent  of  the  cream,  and 
West  Palm  Beach  took  14  per  cent  of  the  milk  and  12  per  cent  of 
the  cream.  Nearly  all  of  the  shipments  credited  to  Jacksonville  were 
redistributed  in  less  than  carload  lots. 


Table  10. 


-31  ilk:  Percentage  of  total  cmisumption,  produced  locally,  November 
and  Deccmher,  1025,  and  May,  1926 


City 

Novem- 
ber and 
Decem- 
ber, 
1925 

May, 
1926 

City 

Novem- 
ber and 
Decem- 

l)er, 

1925 

May, 
1926 

Jacksonville     . 

Per  cent 
83 
89 

Per  cent 
98 
97 

Orlando 

Per  cent 

8S 

Percent 
97 

Tampa 

87 

The  local  supply  of  milk  for  Jacksonville  came  from  the  95  in- 
spected dairies  located  within  a  radius  of  30  miles  from  the  city. 
Additional  supplies  of  milk  and  cream  were  shipped  into  Jackson- 
ville in  less  than  carload  lots  from  dairies  in  southwestern  Georgia 
and  north-central  Florida,  points  from  150  to  200  miles  distant. 
However,  these  shipments  were  a  very  small  part  of  the  city's  total 
consumption. 

Local  production  of  milk  around  Tampa  was  supplemented  by 
shipments  from  northern  Florida,  especially  from  Tallahassee,  Madi- 
son, Monticello,  and  Summerville  sections  where  more  economical 
production  is  possible  than  around  Tampa. 

Orlando  for  several  years  has  found  it  necessary  to  import  most 
of  its  usual  cream  supply  and  the  additional  supplies  of  milk  and 
cream  required  for  the  winter  population.  One  of  the  larger  dis- 
tributors was  making  an  effort  to  develop  a  supply  of  milk  in  Marion 
County,  where  the  possibilities  for  cheaper  production  were  more 
favorable. 

From  September,  1925,  to  July,  1926,  approximately  72  per  cent 
of  the  milk  consumed  in  Miami  was  produced  by  local  dairies,  but  at 
no  time  during  this  period  was  local  production  sufficient  to  meet  the 
city's  demands.  During  the  height  of  the  winter-tourist  season — 
December  to  March — about  48  per  cent  of  the  supply  was  imported. 

44922°— 29 3 
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PRODUCTION    METHODS 


Production  methods  were  similar  among  dairymen  around  the 
larger  Florida  cities.  With  most  of  these  producers  dairying  was 
a  specialized  business  and  was  seldom  combined  with  other  farm 
enterprises.  As  a  rule  these  dairymen  were  merely  converters,  buy- 
ing all  their  concentrates  and  nearly  all  their  roughage  the  year 
around.  Of  the  95  dairies  within  30  miles  of  Jacksonville,  12 
attempted  to  produce  their  roughage,  about  15  grew  small  quantities, 
and  the  others  made  no  attempt  to  produce  feed  of  any  kind.  Con- 
ditions were  much  the  same  around  Orlando  and  Tampa.  Around 
Miami  the  price  of  land  was  so  high  that  to  utilize  it  either  for 
pasture  or  for  the  production  of  forage  was  out  of  the  question,  and 
practically  all  of  the  feed  was  purchased. 

Table  11  shows  the  local  production  of  Jacksonville  and  other 
cities,  by  months.  Production  was  noticeably  low  in  September, 
October,  and  November,  and  high  in  March,  April,  and  May. 

Table  11. — Local  production  of  milk  for  Florida  cities,  l)y  month.s,  expressed  as 
percentages  of  an  average  month  ^ 


Year  and  month 

Jack- 
son- 
ville 

Or- 
lando 

Tampa 

Miami  2 

Year  and  month 

Jack- 
son- 
ville 

Or- 
lando 

Tampa 

Miami' 

1925 
January.. 

Per  cent 
105 
91 
97 
103 
113 
103 
105 
105 
76 
85 

Per  cent 
112 
110 
112 
101 
94 
81 
84 
80 
74 
84 

Per  cent 
85 
80 
90 
88 
92 
89 
94 
94 
93 
97 

Per  cent 

80 

98 

1925 

November 

December 

1926 
January 

Per  cent 
67 
76 

107 
97 
105 
138 
127 

Per  cent 
94 
108 

119 
110 
117 
108 
112 

Per  cent 
95 
109 

117 
115 
120 
121 
121 

Per  cent 

85 

February.. 

March 

95 

April 

May 

99 

June 

February 

March 

88 

July 

108 

August 

April 

119 

September 

May 

128 

October 

1  Average  production  per  month  for  the  entire  period  is  considered  as  100,  and  the  quantity  produced 
in  any  given  month  is  shown  as  a  percentage  of  this  figure. 

2  9-month  average;  no  data  available  January  to  August,  inclusive,  1925, 


POSSIBILITIES  FOR  INCREASING  PRODUCTION 

There  is  already  a  demand  for  increased  production  of  milk  in 
Florida,  but  possibilities  for  expanding  dairying  in  this  State  are 
not  as  promising  as  in  other  parts  of  the  coastal  plain. 

Florida  is  greatly  handicapped  in  herd  improvement  because  of 
the  cattle  tick.  It  is  foolhardy  to  bring  in  high-priced  bulls  and  cows 
from  tick-free  States  and  turn  them  with  tick-infested  cattle,  and 
it  is  difficult  to  keep  isolated  herds  entirely  free  from  ticks.  But  a 
great  deal  can  be  done  to  improve  production  by  building  up  the 
herds  from  within  the  State. 

Weather  conditions  are  not  suited  to  the  easy  curing  of  roughage. 
The  heaviest  rainfall  occurs  from  May  to  September — during  the 
period  when  hay  and  forage  crops  are  usually  harvested.  As  a 
consequence  it  is  usually  difficult  to  save  dry  roughage  in  good  con- 
dition. This  does  not  apply  to  silage  and  soiling  crops,  however, 
and  the  use  of  silage  and  green  feed  should  become  more  general. 

Land  capable  of  being  converted  into  reasonably  good  pasture  or 
of  producing  economical  yields  of  feed  crops  is  scarce  near  most  of 
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the  centers  of  greatest  consumption.  There  are  several  sections  of 
Florida  that  have  reasonable  possibilities  for  developing  good  pas- 
tures and  growing  feed  crops,  however,  and  in  some  of  these  consider- 
able development  in  dairving  is  taking  place. 

It  does  not  appear  likely  that  Florida  will  be  able,  during  the 
next  few  3'ears,  to  do  more  than  supply  the  milk  for  its  permanent 
population.  Local  producers  have  little  opportunity  to  utilize  pas- 
tures or  home-grown  feed  in  an  economical  way  and  must  necessarily 
continue  to  purchase  most  of  their  feed.  They  may  increase  produc- 
tion to  some  extent  by  weeding  out  cows  of  low  productivity  and  by 
better  feeding  practices,  but  any  considerable  expansion  of  the  dairy 
industry  in  Florida  must  be  developed  in  some  of  the  more  favorable 
sections,  as  Brooksville,  Ocala,  or  north  Florida.  A  relatively  large 
production  in  these  sections  will  help  to  supply  the  present  milk 
deficiency  in  the  larger  cities. 

Some  of  the  more  progressive  dairymen  are  adjusting  production 
to  conform  with  seasonal  demand  for  milk.  Having  the  cows  freshen 
in  the  fall  brings  the  peak  of  production  at  the  time  of  greatest 
demand.  This  offers  a  possibility  of  improving  the  milk  situation 
to  some  extent,  but  if  enough  cows  should  be  kept  to  supply  the 
tourist  trade  there  would  be  considerable  surplus  of  milk  to  dispose  of 
during  the  slack  season. 

Obviously,  Florida  will  continue  to  draw  heavily  upon  outside 
sources  of  supply  to  meet  the  extra  winter  demand  for  milk.  In 
recent  years  most  of  this  supply  has  come  from  Northern  States, 
but  there  are  sections  capable  of  supplying  this  demand  within  a 
reasonably  short  distance  of  Florida.  There  is  land  in  southern 
Georgia  that  could  be  utilized  economically  for  milk  production, 
and  the  Black  Prairie  Belt  in  Alabama  is  outstanding  in  this  respect. 
The  latter  is  a  relatively  low-cost  milk  section,  and  the  milk  can  be 
shipped  from  Montgomery  or  Selma  to  Florida  points  more  cheaply 
and  in  much  less  time  than  from  any  of  the  northern  milk-producing 
sections. 

COMMERCIAL  MILK  PRODUCTION 

"  Commercial  milk  production,"  as  used  here,  refers  to  the  produc- 
tion of  fluid  milk  by  a  large  number  of  farmers  in  a  community  or 
section  for  shipment  to  consuming  centers  some  distance  away,  or 
for  sale  to  condeaseries,  ice-cream  plants,  or  cheese  factories  in  the 
section.  A^Tiere  production  possibilities  in  a  section  are  favorable  and 
transportation  facilities  available  there  are  usually  a  great  many 
farmers  who  can  produce  whole  milk  to  advantage  if  they  have  a 
market  for  their  product.  For  example,  around  Brookhaven,  Miss., 
and  other  near-by  towns  on  the  Illinois  Central  Railroad,  a  supply  of 
fluid  milk  has  been  developed  for  the  New  Orleans  market  {11), 
Advantages  enjoyed  by  this  section  were  fairly  good  production 
possibilities,  a  stable  market,  and  good  transportation  facilities.  Milk 
is  sold  wholesale  to  a  distributor  who  ships  it  to  New  Orleans  in 
tank  cars. 

A  study  was  made  of  25  farms  in  the  Brookhaven  section  in  1926. 
On  these  farms  the  dairy  herds  averaged  18  cows  each.  (Table  4.) 
The  crop  area  was  small,  averaging  only  37  acres  to  the  farm,  or 
less  than  20  per  cent  of  the  farm  area.    The  principal  crops  grown 
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were  cotton,  and  corn  interplanted  with  velvet  beans.  A  small 
acreage  was  devoted  to  truck  crops,  and  on  a  few  farms  a  consider- 
able amount  of  Lespedeza  hay  was  produced.  Permanent  pasture 
averaged  3  acres  to  the  cow  and  furnished  grazing  from  April  to 
November.  No  special  winter-grazing  crops  were  grown,  but  on 
practically  all  farms  cornstalks  and  velvet  beans  were  grazed  during 
the  winter.  A  considerable  acreage  of  woods  pasture  was  available, 
but  it  was  of  little  use. 

On  account  of  the  large  amount  of  pasture  per  cow  the  total 
quantity  of  concentrates  fed  was  relatively  low.  Cottonseed  meal 
was  the  principal  concentrate  used,  with  corn  meal  and  prepared 
dairy  feeds  coming  next.  Only  two  men  fed  silage,  the  principal 
roughage  being  cottonseed  hulls.  The  production  per  cow  was 
relatively  low,  averaging  only  4,159  pounds,  but  the  feed  cost  per 
100  pounds  of  milk  was  low  in  spite  of  poor  production.  Most  of  the 
dairy  work  on  these  farms  was  performed  by  family  labor.  Pro- 
duction in  this  section  could  be  increased  by  herd  improvement,  by 
growing  more  feed,  and  by  better  feeding  practices. 

Other  sections  of  the  coastal  plain  possess  potential  possibilities 
for  developing  commercial  milk  production.  Mention  has  been  made 
of  sections  of  southern  Georgia  and  the  Black  Prairie  Belt  in 
Alabama  as  having  possibilities  for  producing  milk  for  Florida  cities. 
Dairies  in  the  Black  Prairie  Belt  are  already  shipping  milk  to 
Birmingham  and  Meridian,  and  supplying  condenseries  and  ice-cream 
plants  and  cheese  factories. 

PRODUCTION  OF  MILK  FOR  CONDENSERIES 

Mention  has  been  made  of  the  large  quantities  of  condensed  and 
evaporated  (canned)  milk  consumed  in  many  cities  in  the  coastal 
plain.  In  general,  the  bulk  of  this  comes  from  outside  areas;  but 
recently  condenseries  have  been  established  at  Starkville  and  Tupelo, 
Miss.,  on  the  edge  of  the  Black  Prairie  Belt.  In  the  summer  of  192G 
the  plant  at  Starkville  was  receiving  milk  from  TOO  producers, 
although  it  was  paying  no  more  for  milk  than  were  other  plants  of 
the  same  company  in  the  North  and  was  buying  milk  in  competition 
with  a  local  creamery  that  had  been  operating  for  several  years. 

ICE   CREAM 

The  consumption  of  ice  cream,  although  not  as  important  as  that 
of  whole  milk  or  butter,  is  increasing  rapidly  in  the  coastal  plain. 
As  near  as  it  was  possible  to  determine,  consumption  in  the  six  cities 
studied  varied  from  1.5  gallons  per  capita  in  Savannah  to  3.4  gallons 
per  capita  in  Albany.  (Table  2.)  In  each  of  these  cities  one  or 
more  companies  were  manufacturing  ice  cream.  In  several  cases 
butter  and  ice-cream  production  were  combined,  especially  by  the 
smaller  concerns.  In  most  instances  the  city's  ice-cream  supply  was 
produced  by  local  companies  that  shipped  in  sweet  butter  and  mixed 
it  with  locally  produced  milk  to  make  ice  cream.  A  large  company 
with  branches  throughout  the  East  and  South  is  developing  a  supply 
of  milk  in  the  Black  Prairie  Belt  for  shipment  to  its  bj;anches  in 
other  cities  for  conversion  into  ice  cream,  . 
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There  appears  to  be  no  established  standard  of  prices  for  ice 
cream  as  each  city  has  its  own  scale  of  prices,  which  are  usually 
graduated  according  to  quality  of  product.  Ice  cream  is  a  much 
less  standardized  product  than  butter  and  is  more  difficult  to  ship. 
These  conditions  are  partly  responsible  for  the  wide  variation  in 
prices  in  different  places. 

The  demand  for  ice  cream  is  heaviest  in  summer,  and  this  helps  to 
utilize  the  surpluses  of  milk  that  exist  at  that  time.  Florida,  in 
addition  to  the  summer  demand,  has  a  heavy  demand  for  ice  cream 
during  the  tourist  season.  It  appears  likely  that  the  consumption 
of  ice  cream  will  continue  to  increase  as  people  become  better 
acquainted  with  its  value  as  a  food. 

CHEESE 

Table  2  shows  that  considerable  quantities  of  cheese  are  consumed 
in  coastal-plain  cities,  and  it  is  probable  that  the  per  capita  consump- 
tion is  as  great  for  other  cities  and  towns  in  the  area.  Practically 
all  of  this  is  shipped  in  from  the  North  or  imported,  as  the  quantity 
of  cheese  manufactured  in  the  coastal  plain  is  comparatively  negli- 
gible. However,  nationally  known  concerns  have  recently  estab- 
lished cheese  factories  in  several  localities  in  the  area  where  possi- 
bilities of  low-cost  milk  production  are  apparent. 

ESSENTIALS  OF  ECONOMICAL  MILK  PRODUCTION 

Low-cost  production  is  especially  important  to  producers  who  are 
shipping  fluid  milk  for  city  consumption  or  selling  to  condenseries, 
ice-cream  plants,  or  cheese  factories.  Pastures  and  a  well-balanced 
ration  of  cheap  feeds  are  important  factors  of  economical  produc- 
tion. Labor  is  another  item  of  importance,  for  dependable  labor  is 
absolutely  essential  in  the  dairy  business.  Many  dairymen  com- 
plained of  the  unsuitability  of  negro  laboi"  for  the  dairy,  although 
there  were  striking  examples  to  the  contrary.  If  most  of  the  dairy 
work  is  done  by  members  of  the  family  the  labor  problem  is  not 
likely  to  be  troublesome,  but  entire  dependence  on  hired  labor  is  often 
a  serious  consideration  with  southern  dairymen.  The  cows  have  to 
be  milked  twice  a  day,  the  milk  cooled,  and  hauled  at  least  once  a 
day,  each  day  in  the  year,  with  no  holidays,  and  when  labor  leaves 
unexpectedly  it  puts  an  added  burden  on  the  operator. 

Milking  machines  were  generally  reported  as  saving  considerable 
labor  with  a  herd  of  15  to  20  or  more  cows,  but  it  requires  careful 
attention  to  operate  and  clean  them.  Barns  necessary  for  a  dairy 
in  the  coastal  plain  region  are  much  less  expensive  than  in  the  North, 
as  they  are  generally  used  only  for  feeding  and  milking,  and  the 
cows  are  turned  out  the  remainder  of  the  time.  The  essentials  of  a 
1-story  structure  are  a  cement  floor,  screened  windows  and  doors, 
and  a  feed  room  for  concentrates  at  one  end.  Barns  are  frequently 
built  to  accommodate  only  one-half  of  the  herd  at  a  time,  the  cows 
being  fed  and  milked  in  relays.  Running  w^ater  and  the  use  of  a 
hose  to  wash  the  floor  are  desirable.  The  milk  house  is  usually  re- 
quired by  sanitary  regulations" to  be  built  a  short  distance  from  the 
cow  barn;  to  be  screened;  to  have  a  place  to  cool  milk;  and  to  have 
equipment  for  sterilizing  milk  utensils.  A  considerable  item  of 
expense  is  represented  by  ice  for  cooling,  as  even  running  water  is 
seldom  cold  enough  for  cooling  milk  in  summer. 
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In  the  production  of  fluid  milk  isolated  dairymen  are  at  a  dis- 
advantage in  some  ways  when  compared  with  dairymen  in  a  com- 
munity in  which  dairying  is  a  dominating  or  important  enterprise. 
Silage  is  a  necessary  part  of  an  economical  dairy  ration  in  nearly 
any  secton,  but  silo  filling  equipment  is  relatively  expensive.  A 
small  dairyman  can  hardly  afford  to  oAvn  all  the  equipment  necessary 
for  putting  up  silage,  but  a  community  of  dairymen  can  own  the 
binders,  silo  fillers,  and  power  machinery  with  only  a  small  cost  to 
each  individual,  and  they  can  interchange  work  in  filling.  Several 
dairymen  in  a  community  can  cooperate  in  other  ways,  such  as  ex- 
changing bulls,  hauling  milk,  etc.  There  is  little  opportunity  for 
cooperation  of  this  kind  among  whole-milk  producers  around  the 
smaller  cities  as  they  are  few  in  number  and  perhaps  are  located 
far  apart,  but  in  large  dairy  communities  it  is  an  important  element 
of  economical  production. 

THE  BUTTER  SITUATION 


CONSUMPTION  AND  DEMAND 

The  consumption  of  butter  in  the  coastal  plain  is  considerably 
lower  than  in  other  parts  of  the  country.  The  average  yearly  per 
capita  consumption  for  the  United  States  is  about  17.5  pounds.  The 
per  capita  consumption  in  1925  for  some  of  the  coastal-plain  cities 
studied  was  as  follows : 

Pounds 

Dothan,   Ala —  9.  4 

Montgomery,    Ala 5.  8 

Albany,    Ga — 9.  0 

Savannah,  Ga 9.  8 

Meridian,    Miss 9. 1 

Florence,   S.  C 13.  0 

For  the  same  year  the  average  per  capita  consumption  of  butter 
substitutes  averaged  about  2.15  pounds  for  Montgomery,  Albany, 
and  Savannah,  and  only  about  0.5  pound  for  Meridian  and  Florence. 

PRICES 

Butter  prices  are  so  well  standardized  that  there  is  little  difference 
between  prices  of  comparable  grades  in  different  parts  of  the 
country.  For  example,  the  monthly  average  wholesale  price  of  fresh 
creamery  butter  (92  score)  in  five  important  centers  for  January, 
1926  and  1927,  is  shown  in  Table  12. 

TablB   12. — Butter,    92-score   creamery:  Averaffe   wholesale    price    at    leading 
markets,  January,  1926,  and  January,  1921 


January,  1926. 
January,  1927. 


New 
York 


Cents 

44.87 
49.  15 


Chicago 


Cents 
43.01 


Boston 


Cents 
45.25 
49.53 


Phila- 
delphu 


Cents 
45.50 
60.04 


San  Fran- 
cisco 


Cents 
43.? 
47.^ 


Prices  paid  by  creameries  in  the  coastal  plain  for  butterfat  and 
prices  they  receive  for  butter  are  usually  based  on  current  Chicago 
prices. 
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SOURCES  OF  SUPPLY 

Butter  is  a  product  of  rather  hifjh  value  per  pound  and  is  readily- 
stored  and  shipped  for  long  distances.  Consequently  the  bulk  of 
the  supply  tends  to  come  from  those  areas  best  adapted  to  its  produc- 
tion. Such  States  as  Wisconsin,  Minnesota,  and  Iowa  are  large  sur- 
plus producers  of  butter.  In  general,  butter  may  be  divided  into  two 
classes:  Creamery  butter,  made  from  sweet  cream  delivered  by  the 
farmer  to  the  creamery  three  or  four  times  a  week;  and  centralized 
butter,  made  from  sour  cream  delivered  to  the  creamery  usually  not 
oftener  than  once  a  week.  The  centralizer  receives  cream  in  small 
lots  from  a  wide  territory.  A  large  quantity  of  centralized  butter 
comes  from  the  small  herds  of  cows  on  Corn  Belt  farms.  The  pro- 
duction of  sour  cream  on  these  farms  is  largely  a  side  line  of  corn  and 
hog  production.  Butter  made  from  sweet  cream  is  of  better  quality 
and  on  the  large  market  sells  for  considerably  more  than  that  made 
from  sour  cream.  Local  production  of  butter  in  the  coastal-plain 
area  must  compete  with  the  great  surplus  areas. 

As  a  whole  the  coastal  plain  is  a  butter-deficit  area.  The  per- 
centage that  the  total  local  production  was  of  the  local  consumption 
in  1926  for  the  cities  studied  was  as  follows : 

Per  cent 
Dothan,  Ala 57 

Montgomery,  Ala 77 

Albany,  Ga 47 

Meridian,   Miss 228 

Florence,  S.  C 18 

Figures  on  local  production  in  Savannah  were  not  obtained,  but  it 
is  known  to  be  a  relatively  small  part  of  the  total  consumption.  In 
all  the  other  cities  studied  there  were  companies  that  manufactured 
butter  and  as  a  rule  their  sour  cream  came  from  a  wide  territory. 
In  Meridian  there  is  a  large  centralizer  making  butter  froni  cream 
gathered  from  about  160  towns  located  over  a  wide  territory,  only 
from  15  to  20  per  cent  of  the  sour  cream  handled  being  produced 
locally.  Meridian  was  the  only  one  of  these  six  cities  that  produced 
a  surplus  of  butter;  production  amounted  to  more  than  two  and 
one-fourth  times  the  local  consumption.  The  creamery  in  Florence 
received  sour  cream  from  64  towns,  and  Albany  and  Dothan  brought 
in  sour  cream  from  a  radius  of  50  miles. 

POSSIBILITIES  AND   PROBLEMS   OF   INCREASING  PRODUCTION   OF   BUTTER 

From  cream  shipped  in  small  lots  from  a  wide  territory  it  is  im- 
possible to  make  a  quality  of  butter  equal  to  that  made  from  sweet 
cream  and  that  is  carefully  graded  and  put  up  in  uniform  packages. 
It  is  difficult  even  to  compete  with  the  large  centralize rs  which  have 
certain  advantages  in  size,  selling  organizations,  and  brands.  Local 
creameries  (fig.  9)  have  to  sell  their  product  on  the  same  price  basis 
as  the  shipped-in  butter  of  compara])le  grade  and  must  pay  the  pro- 
ducer enough  to  keep  him  in  the  business.  When  cotton  is  profitable 
creameries  often  have  difficulty  in  securing  a  supply  of  cream.  At 
best  the  margin  of  profit  is  narrow,  and  the  numl)er  of  failures  among 
small  creameries  is  very  high  in  the  South.  One  outstanding  reason 
for  failure  is  the  small  volume  of  business.  One  town  gets  a  creamery 
started  with  apparent  success,  then  the  next  town  thinks  it  must 
have  one.    Where  there  had  been  ample  business  for  one  plant  there 
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is  not  enough  for  two^  and  probably  both  fail.  An  understanding 
between  the  business  men  of  adjoining  towns  relative  to  the  estab- 
lishment of  such  enterprises  would  obviate  this  difficulty.  It  is 
difficult  to  maintain  a  supply  of  cream  in  a  section  where  the  creamery 
is  continually  changing  hands  or  going  bankrupt. 

Small  creameries  frequently  add  other  enterprises  such  as  the 
distribution  of  whole  milk  and  cream,  production  of  ice  cream,  buy- 
ing poultry  and  eggs,  and  the  handling  of  ice.  This  appears  to  be 
a  desirable  practice  within  certain  limits,  the  enterprises  to  be  added 
depending  upon  local  conditions. 


+    Creameiy 

O    Ice-cream  plant 

_  *  Creamertj  and  icecream 
plant  combined 


Q       Figure  indicates  numbers  of 
2    ice-cream  plants  in  some  to  wn 
Ti'ck-infesfed  area  under  Federal 


auaraniine 
Border  of  coastal  plain  in  these  States 


Figure  9.— Creameries,  Ice-Gream  Plants,  and  Condenseries 

Croamerie-;  in  the  coastal  plain  are  most  numerous  in  and  near  the  Black  Prairie 
belt  of  Alabama  and  Mississippi.  Ice-cream  plants  are  distributed  over  the  entire 
rigion.     The  cattle  tick  limits  beef  production  in  a  large  part  of  the  coastal  plain. 

In  the  production  of  butter  it  w^ould  probably  be  desirable  to  pack 
at  least  two  grades — one  made  from  sweet  cream  and  of  quality  to 
compete  with  sweet-cream  butter  from  the  North,  and  the  other  made 
from  sour  cream  io  compete  with  centralizer  butter.  Distinctive 
brands  and  strict  adherence  to  a  certain  standard  of  quality  are 
essential  to  success. 

It  is  difficult  to  say  just  how  large  a  business  is  necessary  for  a 
creamery  in  this  area  to  be  profitable  because  of  the  many  factors 
besides  volume  that  determine  profits.  It  would  not  seem  desirable, 
however,  to  start  a  creamery  without  other  side  lines  unless  it  were 
assured  of  a  production  of  150,000  pounds  of  butter  the  first  year  and 
an  increase  the  second  year,  which  would  mean  the  product  of  about 
750  good  cows  at  the  beginning. 
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PRODUCTION  OF  SOUR  CREAM 

In  Table  13  is  presented  a  suniniary  of  data  secured  from  farms  in 
five  different  sections  of  the  coastal  plain  that  produced  sour  cream 
to  sell  to  creameries  for  makin*^  butter.  In  the  southern  Georgia 
and  southeastern  Alabama  sections  only  a  few  cows  were  kept  to  the 
farm,  and  dairying  was  supplemental  to  other  lines  of  production. 
Cotton  was  the  main  dependence  on  most  of  these  farms,  with  small 
acreages  of  tobacco,  i)eanuts,  and  truck  crops  as  secondary  money 
crops.  Most  of  these  farms  also  raised  a  fcAv  hogs  for  market.  The 
dairy  work  was  done  mostly  with  family  labor.  Most  of  the  feed 
was  home  grown,  and  its  production  did  not  compete  with  labor  used 
on  other  enterprises. 

On  the  Mississippi  farms  the  dairy  enterprises  occupied  about  the 
same  relative  j^osition  in  the  farming  system,  but  the  farms  were 
much  smaller  than  in  Alabama  and  Georgia,  and  the  dairy  receipts 
were  less. 

Table  Vl. — Net  income  from  cows  and  anfiociated>  factors  on  farms)  producing 
sour  cream  m  Georgia,  Alabama,  and  Mississippi,  1925 


Item 


Georgia 


South- 
east 


South- 
west 


Alabama 


Black 
Bolt 


South- 
east 


Missis- 
sippi 


Shortleaf 

pine 
section 


Farms  reporting 

Cows,  dairy,  per  head 

Cream: 

Production  per  cow,  milk  basis.. 

Farms  selling  sour  cream 

Farms  selling  some  butter 

Farm  acreage  operated 

Crops 

Permanent  pasture 

Woods  pasture.. 

Woods  not  pastured 

other  land 

Crop  acreage: 

Cotton 

Corn  solid 

Corn  and  velvet  beans 

Corn  and  peanuts 

Corn,  iKjanuts,  and  velvet  beans. 

Oats. 

Rye 

Cowpeahay.- 

Soy-bean  hay.- 

Johnson-grass  hay 

other  hay 

Tobacco.. 

Peanuts  solid.. 

Truck  crops.. 

Fruit  and  nuts 

other  crops 

Percentage  o(  farms  raising- 
Cotton 

Corn 

Corn  and  velvet  beans 

Com  and  peanuts 

Corn,  velvet  beans,  and  peanuts. 

Oats. 

Rye 

('0wi)eahay 

Soy-bean  hay 

Johnson-grass  hay 

Other  hay 

Tobacco 

Peanuts 

Truck 

Fruit  and  nuts 

Other  crops 


.number. 
....do... 


.. pounds, 
.per  cent. 

do... 

acres. 

do... 


.do... 
.do... 
-do... 
.do... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
-do. 


.per  cent. 

do... 

do... 

do... 

.....do... 

do... 

...-do... 
do... 


-do. 
.do. 
.do. 
-do. 
.do- 


92 
25 
306 
157 
21 
42 
57 
29 

48 
68 
27 

4 
33 
15 

7 
71 

6 


2 

9 

100 
100 
55 
8 
45 
91 
73 
55 
27 


21 
10 

,697 

95 

14 

3S6 

194 

22 

110 

37 


15 
41 

3,542 

87 

20 

624 

258 

269 

37 

64 

6 


33 


3.172 
38 
82 
290 
152 
79 
1 
23 
35 

62 
42 
20 
3 
11 


27 


76 


22 


,994 
91 


230 
76 


100 

100 

4 


4 
100 
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Table  13, — Net  income  from  coivs  and*  associated  factors  on  farms  producing 
sour  cream  in  Georgia,  Alalyama,  and  Mississippi,  1925 — Continued 


Georgia 

Alabama 

Missis- 
sippi 

Item 

South- 

South- 

Black 

South- 

Shortleaf 

pine 
section 

east 

west 

Belt 

east 

Livestock,  per  farm: 

Work  animals 

number 

5 

6 

11 

8 

9 

Cows.. 

do.... 

9 

10 

41 

7 

8 

Heifers 

do.... 

5 

5 

27 

2 

3 

Sows 

do.... 

3 

4 

1 

2 

2 

Chickens 

do.... 

148 

77 

168 

46 

62 

Months  of  labor,  per  year,  per  farm 

do.... 

27 

34 

30 

22 

18 

Number  of  croppers,  per  farm 

do.... 

2 

1 

2 

1 

1 

Percentage  of  farms  feeding  dairy  cattle: 

Mixed  feed 

..percent.. 

36 

14 

20 

38 

36 

Corn 

do.... 

do.... 

45 
100 

38 
95 

62 
100 

45 

Cottonseed  meal 

87 

100 

Bran 

do.... 

5 

7 

62 

18 

Cottonseed  hulls 

do.... 

73 

52 

27 

62 

82 

Silage.. 

do.... 

do 

9 

10 

20 
13 

Beet  pulp 

Hay 

do..-- 

64 

81 

93 

62 

86 

Average  quantity  of  feed  fed  per  100  pounds  milk 

Concentrates 

...  pounds.. 

32 

35 

18 

58 

37 

Silage 

do.... 

do.. 

15 

22 

30 

1 

62 

Beet  pulp 

Dry  roughage 

do.... 

49 

41 

86 

53 

Percentage  of  farms  grazing: 

Permanent  pasture 

..percent.. 

100 

52 

100 

88 

96 

Woods  pasture 

do.... 

64 

62 

13 

25 

26 

Cornstalks . . 

do  . 

10 
33 
62 

40 

25 
27 
62 

Corn,  peanuts,  and  velvet  beans 

do.... 

do.... 

....  do 

45 
65 

Corn  and  velvet  beans 

35 

Corn  and  peanuts 

4 

Oats 

do.... 

do.. 

36 

24 

7 

27 
9 
9 

Peanuts,  solid 

llye 

do.... 

73 

33 

7 

Cost  of  producing  100  pounds  of  milk: 

' 

Value  of- 

Feed 

...dollars.. 

.89 

1.00 

.98 

1.61 

1.04 

Pasture 

do 

.63 

.  72 

.30 

.88 

.30 

do.... 

Total  feed 

1.52 

1.72 

1.28 

2.49 

1.34 

Labor 

do.... 

.66 

.68 

.74 

.97 

.73 

Equipment. 

do.... 

.41 

.34 

.14 

.24 

.17 

Interest 

do.... 

.15 

.12 

.18 

.17 

.17 

Miscellaneous 

do.... 

do.... 

.40 

.19 

.16 

.53 

.08 

Total  cost 

3.14 

3.05 

2.50 

4.40 

2.49 

Credit  per  100  pounds  milk  produced 

l.-..d0.-.. 

do.... 

.64 

.65 

.81 

.62 

.68 

Net  cost  per  100  pounds 

2.50 

2.40 

1.69 

3.78 

1.81 

Total  sales  all  dairy  products,  per  farm.. 

do.... 

885 

814 

2,  580 

695 

554 

Value  products  for  home  use 

do.... 

256 

214 

126 

188 

84 

Value  skimmed  milk  fed  on  farm. 

do.... 

62 

79 

226 

48 

75 

Net  income  from  cows,  per  farm 

do.... 

84 

126 

1,455 

69 

178 

Average  price  received  per  gallon,  sour  cream. .do 

1.12 

1.12 

1.16 

1.21 

1.13 

Herd.- 

....-do_... 

820 

616 

2,  314 

466 

834 

Equipment 

.....do.... 

730 

391 

1,529 

210 

653 

Percentage  of  total  feed  purchased 

Dcr  cent 

66 

44 

38 

75 

62 

Hours  of  labor  per  100  pounds  milk  produced 

..number.. 

4.4 

4.6 

5.5 

7.2 

4.9 

For  manure  produced  and  increase  in  inventory. 


In  the  Black  Prairief  Belt  of  Alabama  production  of  sour  cream  is 
a  secondary  enterprise  on  many  farms.  These  were  mostly  large 
farms  on  which  cotton  and  Johnson  hay  were  important  enterprises. 
Good  pastures  and  home-grown  feeds  resulted  in  low  production 
costs.     Sales  from  all  dairy  products  averaged  $2,580  per  farm. 
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The  production  of  sour  cream  as  a  side  line  to  other  enterprises 
is  capable  of  considerable  expansion  in  sections  of  the  coastal  plain 
where  creameries  are  available.  It  is  especially  suitable  for  farms 
on  which  most  of  the  dairy  work  can  be  done  with  family  labor.  It 
gives  a  better  distribution  of  income,  utilizes  labor  to  better  advan- 
ta<re,  and  utilizes  more  fully  tlie  feed  crops  <rrown  on  the  farm. 
Sour-cream  production  has  a  place  as  a  major  enterprise  on  many 
farms  in  the  Black  Prairie  Belt,  althou^^h  whenever  possible  the  sale 
of  whole  milk  at  prices  generally  prevailing  is  more  profitable. 

SUMMARY  OF  THE  DAIRY  SITUATION 

Local  production  is  sufficient  to  meet  the  present  demands  for  fluid 
milk  in  most  cities(  and  towns  of  the  coastal  plain,  but  there  is  a 
potential  market  for  increased  production  of  all  dairy  products.  In 
this  area  the  per  capita  consumption  of  milk  and  other  dairy  prod- 
ucts is  relatively  low  as  compared  with  that  in  other  parts  of  the 
country.  Consumption  of  and  demand  for  fluid  milk  can  be  in- 
creased by  better  and  more  efficient  methods  of  distributing,  by  the 
adoption  of  more  sanitary  practices  of  handling  to  prevent  souring, 
and  by  educational  campaigns  emphasizing  the  food  and  health  value 
of  dairy  products. 

The  winter  demand  for  fluid  milk  in  Florida  cities  already  ex- 
ceeds local  production  and  must  be  supplied  by  sections  from  outside 
the  State.  This  market  offers  an  opportunity  to  farmers  in  near-by 
sections  that  have  possibilities  for  economical  milk  production. 
Furthermore,  the  establishment  of  large  ice-cream  factories,  con- 
denseries,  and  cheese  plants  in  certain  sections  of  the  area  provides  a 
steady,  year-round  market  for  large  quantities  of  fluid  milk. 

In  communities  where  creameries  are  located  and  w^here  there  is  no 
available  market  for  fluid  milk,  there  is  room  for  considerable  ex- 
pansion in  the  production  of  cream  for  butter  making.  As  a  rule, 
the  profits  from  cream  production  are  appreciably  less  than  where 
fluid  milk  is  sold,  but  cream  production  is  usually  supplemental  to 
other  farm  enterprises  and  as  such  sei'ves  to  utilize  more  effectively 
home-gi-own  feeds  and  family  labor  and  gives  a  better  distribution 
of  farm  income. 

THE  HOG  ENTERPRISE 
PORK  CONSUMPTION  IN  THE  COASTAL  PLAIN 

In  comparison  with  pork  consumption  in  the  United  States  as 
a  whole  the  per  capita  consumption  of  pork  in  the  South  is  high, 
and  production  in  proportion  to  consumption  is  strikingly  low. 
Data  on  tlie  per  capita  consumption  of  pork  in  some  southern  cities 
and  the  per  cent  of  total  consumption  that  was  produced  locally  are 
shown  in  Table  14. 

The  consumj)tion  of  pork  in  most  of  these  cities  i^  relatively  high, 
except  in  Savannah,  where  the  consumption  of  beef  is  high.  Prob- 
ably the  high  rate  of  consumption  in  Montgomery  and  All)any  is 
caused  by  tlie  heavy  purchases  by  farmers  and  planters  on  surround- 
ing farms.  It  was  impossible  to  separate  the  quantity  thus  con- 
sumed from  that  consumed  by  the  town  population.  Not  much  pork 
is  produced  in  the  sections  in  which  these  two  cities  are  located.    The 
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number  of  negro  croppers  and  tenants  is  large,  and  these  people  are 
large  consumers  of  dry  salt  pork.  There  does  not  seem  to  be  any 
probability  of  much  increase  in  the  per  capita  consumption  of  pork 
in  the  South  as  it.  i^  now  one  of  the  staple  articles  of  food.  But 
the  fact  that  the  bulk  of  the  pork  used  is  shipped  in,  even  in  sections 
that  produce  a  large  number  of  hogs,  shows  that  the  area  is  a  long 
way  from  supplying  its  own  needs. 


Table  14.- 

-'Per  capita  consumption 

of  porh 

m  coastal  plain  cities,  1925 

City 

Fresh 

Cured 

Dry  salt 

Total 

Produced 
locally 

Pounds 
48.6 
19.3 
42.3 
67.1 
16.1 
23.4 
54.3 

Pounds 
25.0 
7.5 
28.9 
12.6 
25.1 
21.7 
22.3 

Pounds 
45.8 
21.2 
29.1 
10.9 
63.  8 
28.2 
45.6 

Pounds 
119.4 

48.0 
100.3 

90.6 
105.0 

73.3 
122.2 

77.1 

Per  cent 
3.3 

26.5 

Florence  S  C                            .  .  

25.9 

Dothan  Ala                                                        .  .  .  . 

21.2 

8.0 

JVleridian,  ]VIiss                                   -  - 

18.3 

Atlanta  Qa 

United  States 

An  attempt  was  made  to  determine  the  percentage  of  the  total 
consumption  of  pork  that  came  from  local  production  or  was  slaugh- 
tered in  other  places  in  the  South  and  shipped  in  to  the  cities  men- 
tioned.    The  results  for  1925  were  as  follows: 

Total  consumption  of  porlc  produced  in  the  South 

I'or  rent 

Albany 25.  5 

Dothan 22.5 

Florence 27.  2 

Meridian 18.3 

Savannah 44. 1         i 

Montgomery 5.8 

Atlanta 11.0 

From  all  the  evidence  avaihible  it  would  seem  that  a  large  part  of 
the  pork  now  shipped  in  could  be  economically  produced  in  the  area, 
but  to  what  extent  production  could  be  carried  it  is  impossible  to 
say.  The  economical  production  of  pork  in  this  area  requires  in  a 
measure  the  use  of  peanuts  or  soy  beans.  These  crops  produce  a 
carcass  that  is  more  or  less  soft,  depending  upon  the  proportion  of 
these  feeds  in  the  ration.  From  the  experimental  evidence  available 
(9)  there  is  little  possibility  of  economically  hardening  hogs  that 
have  put  on  much  growth  from  peanuts  or  soy  beans  fed  without  corn 
supplement.  Consequently  a  very  large  percentage  of  hogs  in  this 
area  grade  either  soft  or  oily  (^).  The  data  on  soft  pork  at  one  pack- 
ing plant  are  shown  in  Table  15. 

Table  15. — Percentage  of  hogs  of  different  grades  of  firmness  Idlled  at  one 

southern  paclcinff  plant 


Grade 

Winter 

Summer 

Oily 

Per  cent 

92 

6 

2 

Percent 
70 

Soft 

20 

Medium  hard 

5 

Hard 

5 

LIVESTOCK   IN   THE   COASTAL  PLAIN 


45 


.  A  larger  percentage  that  grades  soft  is  received  during  the  winter 
because  the  hogs  are  fattened  during  the  fall  and  winter  to  a  large 
extent  on  peanuts.  About  80  per  cent  of  the  year's  supply  of  hogs 
is  received  during  the  winter  so  that  the  large  proportion  of  soft  and 
oily  hogs  from  the  area  is  more  evident. 

PRICES 

Hog  prices  are  generally  lower  in  the  coastal  plain  than  in  Com 
r>elt  States.  The  average  price  that  producers  in  coastal-plain  States 
received  for  hogs  in  19i25  as  compared  with  prices  received  l)y  pro- 
(hicers  in  Corn  Belt  States  is  shown  in  Table  16.  This  price  difference 
Avas  due  in  part  to  the  fact  that  only  a  small  percentage  of  hogs 
produced  in.  the  coastal  plain  can  be  classed  as  hard  hogs. 

'J'ABLE   16. — Hofjs:  Average   price   per   100    pounds   received   hy   producers   in 
speoified  States,  by  months,  1025 


state 


IiKlinna 

Illinois. 

Iowa. 

South  Carolina 

(lOorRia 

Florida 

Alabama 

Mississippi 


Jan. 


Dolls. 

10.  (X) 
9.50 
9.50 
9.20 
8.90 
8.00 
8.70 
8.40 


Feb. 


Dolls. 

10.  M) 
9.1K) 
9.80 
9.90 
9.00 
8.80 
8.60 
8.50 


Mar. 


Dolls. 
12.  «0 
12.60 
12.60 
9.70 
9.20 
8.60 
8.90 
9.70 


Apr. 


Dolls. 
12.  50 
12.00 
12.20 
10.00 
10.00 
9.80 
9.90 
9.10 


May 


Dolls. 
11.90 
11.10 
11.20 
10.  (\0 
10.20 
8.:«) 
9.00 
8.60 


June 


July 


Dolls  J  Dolls. 


11.70 
11.00 
11.10 
9.60 
10. 00 
9.00 
9.90 


13.20 
12.  60 
12.  50 

9.50 
10.  50 

9.60 
10.00 


9.60  10.20 


Aug. 


Dolls. 
13.  30 
12.  90 
12.  40 
10.60 
10.80 
10.  .50 
10.  20 
10.20 


Sept. 


Dolls. 
12.  10 
12.10 
11.50 
10.70 
11.00 
10.00 
10.  .50 
10.40 


Oct. 


Dolls 
11.60 
11.. 50 
10.90 
11., 50 
11.20 
9.30 
11.00 
10.10 


Nov. 


Dolls. 
11.00 
10.80 
10.30 
11.30 
10.70 
10.40 
11.10 
10.40 


Dec. 


DolU 
10.90 
10.  .50 
10.20 
11.90 
10.10 
9.50 
10.50 
10.50 


Aver- 
age 


Dolls. 
11.81 
11.38 
11.18 
10.38 
10.13 
9.32 
9.86 
9.64 


U.  S.  Dcpt.  Agr.  Yearbook,  1925  (;7  ;?.  //?.9). 

The  difference  in  })rice  paid  by  packers  for  soft  hogs  in  the  South 
and  for  hard  hogs  in  Chicago  is  shown  in  Table  17.  The  figures 
given  represent  the  difference  between  the  average  cost  of  hogs  by 
months  for  a  packing  plant  in  Chicago  and  one  in  the  Southeastern 
States.  For  example:  In  February,  1925,  the  Chicago  plant  paid 
$1.67  more  per  100  pounds  for  hogs  than  did  the  southern  plant,  and 
in  August,  1925,  the  Chicago  plant  paid  $0.73  less  than  the  southern 
plant. 

During  most  of  the  summer  months,  when  few  hogs  come  to  market 
in  the  coastal  plain  the  southern  plant  paid  somewhat  above  the 
average  Chicago  price,  biit  during  the  winter  months  it  paid  less, 
averaging  about  $1  less  per  100  pounds  for  the  winter  months  of 
the  two  years  1924  and  1925.  The  hogs  received  at  Chicago  were 
much  heavier,  however,  averaging  255  pounds  as  compared  with  184 
pounds  for  those  received  at  the  southern  plant  durmg  the  winter 
months  of  1925-26  and  224  pounds  as  compared  with  179  pounds  in 
1924-25.  The  average  weight  at  the  southern  plant  varied  from 
about  165  pounds  during  the  summer  months  to  180  or  185  pounds 
during  the  winter  months.  The  dressing  percentage  at  the  Chicago 
])lant  was  0.8  per  cent  higher  than  at  the  southern  plant.  As  a 
Turther  illustration  of  the  price  differential  between  the  average  run 
of  southern  hogs  and  those  at  Chicago,  the  range  of  prices  on  Mon- 
days of  each  week  during  two  winters,  of  160  to  200  pound  hogs  at 
Atlanta,  and  the  same  weight  class  at  Chicago,  as  well  as  the  200  to 
250  pound  class  at  Chicago,  is  shown  in  Table  18. 
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Table  17. — Price  differevtial  between,  the  averaffe  cost  per  100  pounds  of  hogs, 
in  Chicago  and  the  Southeastern  States,  ty  months,  1024-1026 


Month 

1924 

1925 

1926 

Month 

1924 

1925 

1926 

January            

Dollars 

Dollars 
+0.95 
+1.67 
+2.85 
+1.61 
+1.30 
-0.31 

Dollars 
+1.  50 
+1.38 
+0.92 

July 

Dollars 
-0.42 
-0.78 
-0.23 
-0.43 
-0.18 
+0.05 

Dollars 
-0.67 
-0.73 
-0.63 
-0.19 
-0.31 
+0.71 

Dollars 

February  

August..     

March 

September    . 

April     -  - 

October 

May.-.. 

November 

June 

Table  18.- 


-Comparison  of  hog  prices  per  100  pounds  in  Chicago  and  Atlanta 
during  the  winter,  1924  and  1925 


Atlanta 

Chicago 

Date 

160  to  200 
pounds 

160  to  200 
pounds 

200  to  250 
pounds 

Low 

High 

Low 

High 

Low 

High 

1924 
Jan.  7 

$7.00 
7.50 
7.00 
7.25 
7.50 
7.25 
7.25 
7.50 
7.50 
7.50 
7.50 
9.75 

10.00 
9.50 
9.50 
9.50 
9.75 
10.00 
10.00 

n.oo 

12.50 
12.00 
12.50 
12.00 

$7.10 
6.90 
6.90 
6.75 
6.50 
6.80 
6.90 
6.95 
7.00 
6.80 
7.25 
9.25 

9.10 
9.25 
9.00 
9.40 
9.50 
9.85 
10.10 
11.85 
13.50 
13.  55 
13.30 
12.60 

$7.50 
7.30 
7.15 
7.20 
6.90 
7.20 
7.30 
7.50 
7.50 
7.25 
7.60 

10.50 

10.50 
10.50 
10.35 
10.50 
10.50 
11.00 
11.10 
12.50 
14.00 
14.00 
14.05 
13.15 

$7.  30 
7.05 
7.00 
7.10 
6.75 
7.05 
7.10 
7.15 
7.35 
7.10 
7.40 

10.10 

9.90 
9.85 
9.65 
10.00 
10.00 
10.40 
10.40 
12.15 
13.65 
13.85 
13.85 
12.90 

$7.60 

Jan.  14 : 

$7.25 

7.35 

Jan. 28             .                          .    

7.25 

Feb.  4 

7.00 
7.25 
7.00 

7  30 

Feb.  11 

6.95 

Feb.  18 

7.25 

Feb.  25 . 

7.30 

Mar.  3        

7.25 

7.35 

Mar.  m 

7.55 

Mar.  17 

7.30 

Mar.  24 

7.55 

Dec.  29 

9.50 
9.50 

10  90 

1925 
Jan.5 

10.95 

Jan. 12 

10.  95 

Jan.  19 .- 

9.00 

10.80 

Jan.  26 .                

10.90 

Feb.  2 

9.50 
9.50 
9.50 
10.50 
12.00 

10.75 

Feb.9  _     

11.25 

Feb.  16 

1L35 

Mar.  2 

12.65 

Mar.  9          

14.20 

Mar.  16 

14.15 

Mar.  23 

14.10 

Mar.  30 

13.25 

When  hogs  were  cheap  in  the  winter  of  1923-24  there  was  little 
difference  in  prices  of  hogs  at  Atlanta  and  Chicago.  When  hogs 
were  much  higher  priced,  as  in  the  winter  of  1924-25,  a  considerable 
difference  in  favor  of  Chicago  hogs  existed. 

The  question  naturally  arises.  Why  should  not  the  price  of  hogs 
in  the  Southeastern  States  be  somewhere  near  the  price  at  Chicago, 
plus  the  cost  of  transportation  from  Chicago  (or  the  nearest  surplus 
center)  to  this  area?  One  reason  is  that  the  more  or  less  soft  and 
oily  pork  produced  in  this  area  will  not  sell  for  enough  in  comparison 
with  hard  pork  to  pay  this  differential.  The  appearance  of  the  soft 
pork  on  the  counter  is  not  as  attractive  as  that  of  hard  pork.  The 
bacon  does  not  slice  readily;  the  hams  are  likely  to  be  flabby  and 
oilv  when  sliced;  the  lard  lacks  body;  and  the  bellies  are  oily  and 
soft  even  when  kept  in  a  cooler.  The  housewife  depends  a  great  deal 
upon  appearance,  and  products  of  soft  and  oily  hogs  are  not  attrac- 
tive, especially  when  shown  with  pork  from  corn-fed  hogs. 
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It  appears  that  some  price  concessions  must  be  made  to  move  the 
soft  pork,  especially  in  the  larjrer  cities  where  the  people  are  gen- 
erally more  familiar  with  meat  from  the  hard  ho<i^.  Possibly  this  is 
wliy  cmly  11  per  cent  of  Atlanta's  pork  supply  and  6  per  cent  of 
M(mt^omery's  is  produced  in  the  South.  No  data  are  available  on 
the  normal  ditFerence  in  the  retail  prices  of  cuts  from  hard  and  soft 
ho^s,  but  one  instance  of  this  kind  will  illustrate  the  point.  A  dealer 
in  Atlanta  was  sellino^  standard  hard  hams  for  40  cents  a  pound  and 
at  the  same  time  offering  soft  hams  for  35  cents.  The  prices  of 
sliced  bacon  from  hard  and  soft  hogs  were  40  cents  and  25  cents, 
respectively.  Many  dealers  dislike  to  handle  these  soft  products 
and  in  some  cases  do  not  carry  them  at  all.  However,  in  cases  in 
which  the  quality  of  hams  from  peanut- fed  hogs  is  known  by  the  con- 
sumer and  the  hams  are  marketed  as  such,  they  often  command  a 
price  above  hams  from  the  corn-fed  hogs. 

Another  and  less  important  cause  for  a  lower  price  to  producers 
is  the  fact  that  a  large  percentage  of  livers  and  kidneys  has  to  be 
condemned  because  of  worms.  At  a  packing  plant  in  southern 
Georgia  in  one  year,  87  per  cent  of  the  livers  and  68  per  cent  of  the 
kidneys  were  condemned. 

Thus  there  are  real  reasons  for  a  difference  in  price  to  the  pro- 
ducers of  hard  and  soft  pork  as  now  produced  and  marketed.  A 
problem  worthy  of  study  is  to  find  out  what  classes  of  people  are 
the  consumers  of  soft  pork  and  what  are  the  limits  of  their  consump- 
tion. Increasing  numbers  of  southern  hogs  are  going  into  the  Cuban 
trade.  (Tables  19  and  20.)  Nothing  is  known  of  the  possibilities 
for  expansion  of  this  trade  in  other  Latin-American  countries  as 
well  as  other  parts  of  this  country.  At  present  this  pork  is  put  on 
the  market  without  any  distinctive  brands  and  w^ithout  advertising 
calling  attention  to  its  particular  merits.  What  may  be  the  possi- 
bilities of  building  up  a  demand  for  such  products  as  "  peanut 
hams  "  ?  There  seems  to  be  an  opportunity  for  study  of  this  problem 
by  some  research  organization. 

Table  19. — Hogs  and  pork:  Exports  of   the   United  States  to  Cuba   through 
Florida,  Mobile,  and  New  Orleans,  by  months,  January,  1926,  to  May,  1927 


Live 
hogs 

Fresh 
pork 

Hams,  shoulders,  bacon,  and 
pickled  pork 

Florida 
ports 

Mobile 

New 
Orleans 

1928 
January    .                  ..    .    .      

Number 

4,3<)9 

3,902 

4,(505 

3,610 

2,256 

1,196 

1,225 

301 

563 

443 

1,312 

1,026 

2,781 
2,684 
3,716 
4,396 
4,229 

Pounds 
218, 935 
202,  493 
234,  593 
193,  524 
130,212 
161,  780 
147,928 
132,  178 
161,868 
115.673 
155,  141 
158,  749 

187, 622 
127,118 
109,  475 
110,972 
118,967 

Pounds 
2,  999.  748 
2,179,072 
2,  379, 003 
2,899,093 
1,803,725 
2,  785,  635 
1,577,127 
1, 835, 438 
2,  ZiO,  219 
2, 047, 885 
2,  226, 107 
2,  522,  215 

2,  575, 659 
2, 004, 905 
2,141,040 
2, 582,  755 
2,847,760 

Pounds 

8,845 

Pounds 
99,916 

February                                                          . 

109,983 

March. 

323 

76, 592 

April -       ..            

80,076 

May 

281, 976 

219, 834 

July                                          .      .                     

74,220 

288 

58,548 

109,334 

October 

November 

15, 877 

65,984 
151, 106 

December 

1927 
January 

319 

22,230 
317 
311 
621 
613 

66,428 

142, 019 
26,  729 

March 

April 

May 

96,901 
93,671 
76, 670 

Department  of  Commerce. 
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Table  20. — Hogs  and  porTc:  United  States  exports  to  Cuba,  1921-1926 


Year  ended  Dec.  31— 

hive 
hogs 

Pork, 
fresh 

Hams,  and 
shoulders  i 

Bacon  2 

Pickled 
pork 

Total 
pork  3 

1921 

Number 
98, 015 
67,395 
80, 100 
75,  642 
41,110 
24,811 

Pounds 

973, 925 
2,  723,  999 
2,  332, 882 
2, 016,  533 
2, 026,  096 
2, 100, 878 

Pounds 
9,  222,  358 
10,  242,  415 

13,  835,  912 
15,  376,  654 

14,  538,  942 
7,  280, 846 

Pounds 
13,  980, 969 
23,  859,  716 
25,  531,  313 
28, 672, 922 
22,  704,  027 
20,  631, 047 

Pounds 
1,  375,  787 
1,  540,  677 
3,  332,  528 

3,  388,  437 

4,  702,  205 
7,  627,  221 

Pounds 
25,  576, 014 

1922 

38,  411,  080 

1923            

45,  048,  348 

1924 

49,  515,  090 

1925 

1926  -       

43,  994,  961 
37,  666, 199 

Department  of  Commerce. 

1  Includes  Wiltshh-e  sides. 


2  Includes  Cumberland  sides. 


3  Includes  canned. 


MARKETS  AND  MARKETING 


The  principal  public  stockyards  in  or  near  the  area  are  shown  in 
Table  21.  The  receipts  of  hogs  at  these  public  stockyards  are  almost 
insignificant  when  compared  with  those  at  some  of  the  great  live- 
stock markets^  such  as  Chicago.  They  do  not  offer  the  farmer  a  very 
satisfactory  market  for  his  hogs  because  the  small  numbers  that  are 
likely  to  be  brought  in  on  any  one  day  attract  very  few  buyers. 

For  this  reason  the  cooperative  sale  has  been  rather  successful  in 
the  area.  (Table  22.)  A  date  is  set  when  farmers  may  bring  their 
hogs  to  a  certain  place,  have  them  sorted  into  grades,  and  sold  to  the 
highest  bidder.  Usually  enough  buyers  are  attracted  to  insure  that 
the  hogs  bring  what  they  are  worth.  These  sales  are  held  frequently 
throughout  the  winter  months  at  different  points  in  the  area. 

At  Moultrie,  Ga.,  there  is  a  modern  packing  plant  that  is  capable 
of  handling  a  large  number  of  hogs  and  cattle  daily.  At  Atlanta, 
Ga.,  and  Birmingham,  Ala.,  there  are  other  large  packing  plants.  All 
of  these  have  Federal  meat  inspection  of  animals.  In  many  of  the 
smaller  cities,  as  well  as  the  larger  ones,  there  are  municipal  abattoirs 
w^here  all  local  slaughter  has  to  be  done  under  the  inspection  of  a 
veterinarian.  (Table  23.)  These  are  not  regular  markets,  as  the 
animals  slaughtered  are  usually  bought  in  the  surrounding  country  or 
are  shipped  or  brought  in  by  local  butchers. 

Table  21. — Hogs:  Receipts  at  certain  puhlic  stockyards,  1915-1925 

[In  thousands] 


Market 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

Atlanta 

36 
7 
14 
16 
15 
C) 
10 

47 
8 
13 
72 
12 
3 
48 

83 
9 
14 
78 
37 
11 
171 

68 
7 

11 
100 

42 

30 
109 

91 
10 
17 
99 
14 
8 
97 
42 
50 
170 

124 
11 
13 
81 
57 
10 
95 
52 
41 

219 

201 
11 
16 

107 
44 
85 
73 
33 
48 

273 

159 
7 
19 
86 
52 
80 
62 
30 
50 

329 

124 

Augusta,  ---  -    _.  

4 

Chattanooga 

16 

12 

11 

1 

20 

Jacksonville 

64 

Knoxville 

11 

38 

Memphis 

C6 

Montgomery 

47 

Moultrie. 

38 

New  Orleans 

61 
99 

58 
78 

50 
00 

63 

156 

63 
212 

30 

Kichmond 

73 

197 

U.  S.  Department  of  Agriculture  Yearbook,  1925  (17,  p.  1120). 
1  Not  over  500 
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Tabij]  22. — Hog  sales:  Hartford   Hog   Oroioers'   Aaaooiation,   Hartford,   Ala. 

1928-1020 


No.  I's 

No.  2's 

No.  3'8 

No.  4's 

Roughs 

Date 

Hogs 

Price 
per 
hun- 
dred 
pounds 

Hogs 

Price 
per 
hun- 
dred 
pounds 

Hogs 

Price 
per 
hun- 
dred 
pounds 

Hogs 

Price 
per 
hun- 
dred 
pounds 

Hogs 

Price 
per 
hun- 
dred 
pounds 

Total 
hogs 

1923 
Jan. 4 

No. 

139 

326 

161 

79 

97 

147 

97 

47 

10 

11 

90 
96 
54 
27 

111 
298 
216 
377 

10 
138 
180 

95 

55 
147 
108 

88 

$6.80 
6.67 
6.77 
6.65 
6.80 
6.65 
6.70 
6.77 
6.77 
6.80 

6.35 
6.30 
6.40 
7.12 

9.12 
9.00 
8.90 
9.42 
9.42 
11.70 
11.52 
12.05 

9.70 
10.60 
10.75 
10.85 

No. 
70 

166 
90 
68 

110 
88 

109 

81 

40 

2 

23 

98 
45 
25 

16 

79 

76 

219 

7 

139 

195 

100 

11 
87 
68 

$6.30 
6.17 
6.27 
6.15 
6.20 
6.15 
6.20 
6.27 
6.27 
6.30 

6.85 
6.80 
6.90 
6.62 

8.12 
8.00 
7.90 
8.42 
8.42 
10.70 
10.  52 
11.05 

8.70 
10.10 
10.25 

No. 

65 

187 

113 

<iO 

55 

65 

95 

111 

72 

17 

33 
99 
29 

8 

11 
37 
31 
156 
9 
81 
176 
100 

4 
178 
96 

$6.05 
5.67 
6.77 
5.65 
6.80 
6.65 
5.70 
6.77 
5.52 
6.55 

4.86 
4.80 
4.65 
6.12 

7.12 
7.00 
6.90 
7.17 
7.17 
9.20 
8.77 
9.30 

7.70 
10.10 
10.50 

No. 
12 
38 
22 
63 
49 
31 
16 
13 
28 

$5. 5.') 
4.92 
6.02 
4.90 
5.05 
4.90 
4.95 
6.02 
4.52 

No. 
3 

16 
8 

12 
8 
2 
9 
6 
8 
1 

1 
2 

$5.05 
4.92 
6.02 
4.90 
6.05 
4.90 

4.  95 
5. 02 

5.  02 
5.05 

4.86 
6.05 

279 

Jan.— > 

733 

Feb.— 

394 

Feb.— 

282 

Feb.— 

319 

Feb.  — 

333 

Mnr.—. 

Mar.- 

Mar.  29 

325 
257 
158 

Apr.  1 

31 

1924 
Jan. 10 

7 
14 

4.35 
4.30 
4.15 
4.37 

154 

Jan. 31 

Feb. 7 

309 
129 

Feb.  20 

8 

2 

6 

10 

13 

1 

15 
58 
40 

1 

6.27 

7.12 
7.00 
6.90 
7.14 
7.42 
9.17 
9.52 
10.06 

7.70 

74 

1925 
Jan.  15     .        ..      . 

140 

Jan. 29 

4 
10 

25 

6.00 
6.90 
6.17 

424 

Feb.  12 

343 

Feb,  27  . 

790 

Mar.— 

27 

Mar.  12 

30 

48 
19 

8.20 
7.77 
8.30 

403 

Mar.  26 

657 

Apr.  17 

364 

1926 
Dec.31 

71 

Feb.  25     . 

100 

106 

17 

8.60 
10.  .50 
9.60 

612 

Feb.— 

5 

18 

8.75 
9.10 

383 

Feb.— 

123 

Average  class  weight 

Pounds 

208 

Po 

unds 
140 

Pc 

unds 
110 

Pounds 

72 

1  Records  do  not  show  specific  dates. 

Table  23. — Animals  dress^ed  at  the  abattoir,  Savannah,  Qa.,  hy  months,  January^ 

1925,  to  July,  1926 


Year  and  month 

Cattle 

Calves 

Sheep 

Goats 

Hogs 

1925 
January 

Number 

1,114 

1.004 

1,249 

720 

602 

697 

889 

8:m 

967 

1.276 

1,  105 

894 

1,212 
725 
980 
816 
827 
625 
620 

Number 
66 
108 
ISO 
2:i5 
270 
160 
165 
142 
210 
248 
167 
98 

136 
117 
177 
246 
202 
201 
197 

Number 

Number 
15 
3 

22 

62 

2 

8 

6 

28 

35 

56 

69 

37 

73 
25 
41 
39 
38 
12 
17 

Number 
2,569 

February... 

14 
38 
183 
109 
94 
165 
57 
86 
24 
24 
25 

13 
8 
6 

11 
134 

26 

23 

1,730 

March 

1,758 

April 

806 

May.-.. 

274 

June... 

98 

July 

112 

August 

96 

September 

409 

October. 

2,088 
3,519 
3,840 

3,417 
2  895 

November.- 

De(«nibor 

1926 
January 

P'ebruary 

March 

2  065 

April 

1,360 

May .               .... 

166 

June 

282 

July.. 

222 

44922"— 21)- 
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HOME  CURING  OF  PORK 

In  some  sections  of  the  coastal  plain  a  considerable  quantity  of  pork 
is  cured  at  home  for  the  use  of  the  family  and  farm  hands  and  for 
sale.  In  South  Carolina  an  average  of  19  hogs  per  farm  were  butch- 
ered on  the  farms  studied.  In  addition  to  live  hogs  sold,  nearly 
one-half  of  this  butchered  pork  was  sold  off  the  farm.  This  method 
of  marketing  pork  is  adaptable  to  sections  where  but  few  hogs  are 
raised,  and  where  the  farmer  is  experienced  in  the  home  curing  of 
meat.  In  general,  however,  the  home  curing  of  pork  in  the  coastal 
plain  is  attended  by  considerable  risk  because  of  the  uncertainty 
of  having  weather  cold  enough  to  chill  freshly  slaughtered  carcasses, 
effectively.  In  sections  in  which  a  large  number  of  farmers  are  rais- 
ing hogs  on  a  commercial  scale  it  is  usually  more  satisfactory  to  mar- 
ket the  animals  on  foot.  In  several  localities  in  the  area  there  were 
community  cold-storage  and  curing  plants  (sometimes  cooperatively 
owned)  where  farmers  could  cure  and  store  their  meat  until  needed. 
Many  farmers  take  advantage  of  these  plants  for  curing  the  pork 
needed  for  the  farm  supply  and  market  their  surplus  on  foot. 

POSSIBILITIES  AND  LIMITATIONS  OF  EXPANDING  HOG 
PRODUCTION 

A  comparison  of  the  importance  of  hog  production  in  the  Southern 
States  with  hog  production  in  Corn  Belt  States  is  shown  in  Figure 
6  and  Table  24.  The  number  in  the  Southern  States  is  small.  There 
is  every  reason  to  believe  that  hog  production  could  profitably  be 
greatly  expanded  in  certain  parts  of  the  coastal  plain. 

The  sections  most  favorable  to  this  expansion  in  hog  production 
are  the  sections  to  which  the  peanut  seems  best  adapted,  notably 
southwestern  Georgia  and  southeastern  Alabama.  Most  of  the  pork 
is  produced  from  forage  crops  of  some  kind,  and  little  corn  on  the 
ear  is  fed.  Only  about  2  bushels  of  corn  are  fed  per  100  pounds 
of  pork  in  the  coastal  plain,  as  compared  with  7  or  8  bushels  per  100 
pounds  in  the  Corn  Belt. 

Table  24. — Hogs:  Numl)er  on  farms,  speoified  States,  January  1,  1924-i926 

[In  thousands] 


State 

1924 

1925 

1926 

Indiana                                                        --         __.              .-. 

3,  5,50 

5, 625 

11,415 

830 
1,520 

640 
1,049 

900 

3,100 

4,  725 

9,633 

580 

1, 275 

650 

845 

729 

2,890 

Illinois        - - - 

4,631 

9,440 

South  Carolina                                          -       -       -- ..    . 

435 

1,109 

Florida                           -           --- 

506 

Alabama                                      .              .                 ....__-. 

776 

^Mississippi 

678 

U.  S.  Department  of  Agriculture  Yearbook  1927  (19,  p.  1001). 


Normally  the  price  of  corn  is  considerably  higher  in  the  coastal 
plain  than  in  the  Corn  Belt.  (Table  25.)  If  hogs  in  the  coastal  plain 
were  fed  almost  entirely  on  corn,  as  in  the  Corn  Belt,  the  7  or  8 
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bushels  used  per  100  pounds  of  gain  would  cost  from  $7  to  $8  or 
more.  In  the  discussion  of  prices  it  is  noted  that  prices  at  packing 
plants  and  other  markets  in  the  South  are  somewhat  lower  on  the 
average  than  in  Chicago.  Hogs  at  Chicago  for  the  period  1921-1925 
averaged  only  about  $9  per  hundred  pounds.  If  the  corn  used  in 
making  100  pounds  of  pork  in  the  coastal  plain  cost  $7  or  $8  this 
would  leave  a  margin  for  other  expenses  entirely  too  small  for 
profitable  production.  Obviously  feeds  other  than  corn  must  be  used 
to  put  on  most  of  the  growth  and  fat.  This  does  not  mean  that  corn 
has  no  place  in  the  production  of  hogs  in  the  South  but  rather  that 
its  use  should  be  supplementary  to  other  feeds  that  can  be  eco- 
nomically produced.     (Table  26.) 

Table  25. — Com:  Estimated  average  price  per  hushel  received  hy  producers, 
specified  States,  December  1,  1921-1925 

[In  cents] 


State 

Average 
1921- 
1925 

1921 

1922 

1923 

1924 

1925 

Indiana 

61 
63 
59 
58 
100 
92 
90 
96 
94 

37 
38 
30 
27 
74 
53 
53 
62 
56 

56 
60 
56 
58 
87 
86 
87 
90 
85 

62 
65 
62 
53 
105 
107 
100 
108 
107 

94 
95 
93 
91 
123 
112 
112 
122 
126 

55 

Illinois 

58 

Iowa                    .--            

56 

Nebraska 

61 

South  Carolina 

110 

Georgia                              

100 

Florida 

100 

Alabama 

100 

Mississippi 

94 

Table  26. — Relation  of  quantity  of  corn,  fed  to  cost  of  producing  pork  on  82 

coastal-plain  farms 


Com  fed  as  a  percentage  of  total  feed  cost 


Farms 
rejwrting 


Total  cost 
per  100 
pounds 
market- 
able pork 


0  to  15  i)er  cent. 
16  to  31  i)er  cent 
31  to  51  per  cent 
51  to  70  per  cent 


Number 

21 

31 

21 

9 


$8.16 
7.38 
8.21 
8.67 


Efficient  production  of  pork  in  the  coastal  plain  depends  largely 
upon  growing  a  pig  to  a  weight  of  100  pounds  as  cheaply  as  possible 
and  putting  on  the  last  80  to  100  pounds  of  gain  by  utilizing  such 
finishing  crops  as  peanuts,  soy  beans,  velvet  beans,  etc.  (Table  27.) 
A  description  of  these  finishing  crops  and  good  combinations  for  dif- 
ferent parts  of  the  coastal  plain  are  given  on  pages  11-15.  According 
to  the  experiments  of  Grimes  and  Salmon  {8)  it  requires  about  3.6 
pounds  of  peanuts  fed  in  the  dry  lot,  supplemented  with  minerals,  to 
produce  1  pound  of  gain  in  hogs.  Other  experiments  show  that  it 
takes  about  3.8  pounds  of  corn  and  0.4  pound  of  tankage  to  produce 
1  pound  on  hogs  fed  in  the  dry  lot. 
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Table  27. — Relation  of  amount  of  pasture  and  forage  crops  to  cost  of  producing 
pork,  Georgia  and  Alahatnd 


Percentage  that  jiasture  and  forage  is  of  total  feed  cost 


Less  than  50  per  cent 

51  to  75  per  cent 

76  to  100  per  cent 


Farms 
report- 
ing 


Total  cost 
per  100 
pounds 
market- 
able pork 


7.89 
7.37 


Farm  organization  and  cost-of-production  data  for  113  farms  in 
four  sections  of  the  coastal  plain  that  were  producing  hogs  are 
given  in  Table  28.  On  most  of  these  farms  hog  raising  was  com- 
bined with  other  lines  of  production.  Cotton  production  was 
important  on  nearly  all  farms.  There  was  a  wide  variation  in  hog- 
production  methods  in  the  different  sections.  The  cost  data  for  the 
sections  are  not  comparable,  because  the  hogs  grown  on  the  Georgia 
and  Alabama  farms  weighed  from  45  to  50  pounds  more  than  those 
grown  on  the  South  Carolina  and  Mississippi  farms.  In  Table  29 
is  shown  the  distribution  of  farms  by  cost  of  production.  The  wide 
I'ange  in  cost  indicates  that  some  farmers  have  found  low-cost  meth- 
ods of  production  but  that  there  is  room  for  improvement  on  a 
large  percentage  of  the  farms. 

Table  28. — Organization  of  farms  pvoduoing  hogs  and  co^st  per  100  pounds  of 

marketaNe  pork,  1925 


Item 


Fanns  reporting _    _.     .. 

Farm  acreage  operated i . 

acres 

Crops 

Permanent  pasture 

do.-.. 

do.... 

Woods  pastured      

do 

Woods  not  pastured 

do 

other  land- 

do 

Acreage  in  crops:  i 

Cotton.-. 

.do  ... 

Corn. 

do 

Com  and  peanuts 

do 

Corn  and  velvet  beans 

Com,  peanuts,  and  velvet  beans 

Com  and  soy  beans 

Rye 

..- do.... 

do--.. 

do.... 

do 

Oats 

Cowpeahay 

...do.... 

do  .  . 

Velvet-bean  hay 

do 

Other  hay 

do 

Peanuts,  solid 

Tobacco 

do.... 

do 

Truck  crops.   

do.-.. 

Fruit  and  nuts.   

do 

Other  crops 

do 

Percentage  of  farms  growing: 
Cotton.                       

.  percent.. 

Corn 

Com  and  peanuts       

do.... 

do.... 

Com  and  velvet  beans... 

Corn,  peanuts,  and  velvet  beans. 

Com  and  soy  beans 

do-..- 

do.... 

-do.... 

Rye 

do...- 

» "Acreage  in  crops"  does  not  always  chepk  with  "crop  acres' 
are  grown  after  oats  or  rye. 


South- 
west 
Georgia 


37 
405 
182 

22 
107 

76 

18 

40 

44 

6 

24 

14 
1 
1 

14 

1 


South 
Carolina 


13 

'115 

2S2 

16 

37 

71 

9 

82 
91 


Shortleaf 
pine  sec- 
tion in 
Missis- 
sippi 


18 
383 
100 

81 

65 
125 

12 

24 
30 


South- 
east Ala- 


359 
19.-? 
45 

75 
38 
8 

82 
9 
4 
14 
38 

"i 

3 
I 


33 


24 


because  of  a  duplication  where  cowj)eas 
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'V\iiLE  28. — Organisation  of  farms  producing  hogs  aud  cost  per  JOO  pounds  of 
marketaUe  poi'k,  1925 — Continued 


Item 


South- 
west 
Georgia 


South 
Carolina 


Shortloaf 
jiine  sv.c- 
tion  in 
Missis- 
sippi 


South- 
east Ala- 
bama 


Peropntage  of  farms  growing— Continued. 

Oats percent.. 

Cowpcahay do 

Velvft-bean  hay „ do 

Other  hay do.... 

Peanuts do 

Tobacco do 

Truck do 

Fruit  and  nuts.. do 

Other  crops,  do 

Livest(K'k  on  farms: 

Work  stock number.. 

Dairy  cows do 

Heifers.- do 

Beef  cattle do 

Hogs- 
Sows.- do 

Gilts.- do.... 

Boars do 

Other  hogs , do 

Pigs do... 


Total  hogs. 


.do. 


Chickens .do... 

Crop|)ers .*. do... 

Months  of  labor  for  ye-jir do... 

Hours  of  man  labor  on  hogs. do... 

Perc-entagc  of  farms  feeding  hogs  by  stated  methods: 
Grazing— 

Permanent  pa^'ture percent. 

Woods  i)asture..  - do... 

Corn  hogged  down do... 

Peanuts  in  corn ,... do... 

Soy  beans  in  corn .do... 

Soy  beans  and  velvet  beans  in  corn. do... 

Velvet  beans,  i)eanuts,  and  corn ..do... 

Velvet  beans  and  cornstalks do... 

Peanuts,  solid... do... 

Oats  in  winter do... 

Rye  in  winter. do... 

Sweet  potatoes do... 

Feeding- 
Prepared  feeds do... 

Shorts _ do... 

Skim  milk do... 

Some  corn .do... 

Tankage. do... 

Corn  fed  i)er  farm  «.. .bushels. 

Concentrates  used  ]^r  100  pounds  of  pork  produced... pounds. 

Total  j)ounds  of  niarketahle  pork  produced do... 

Percenla^e  of  i)ork  produced  on  forage  crops per  cent. 

Percentage  of  pork  cured  on  farms  that  was: 

Sold  on  market do... 

I'sed  by  family .....doV.. 

Used  by  tenants IdoII! 

Hogs:  • 

Bought number 

Died do.- 

Butchered do 

Sold do... 

Average  weight  when  sold pounds. 

( "ost  of  producing  100  pounds  marketable  pork: 

Purchased  concentrates  fed dollars 

Home  raised  concentrates  fed do. 

All  forage  and  pasture do. 


Total  feed  cost do. 

Labor do 

Equipment do 

Interest do 

Miscellaneous  including  taxes do. 


Total  cost do. 


61 
46 
41 
16 
64 

22 
35 
46 
89 
43 
429 
197 
13, 057 
66 


13 
66 
21 

14 
4 
13 

58 
185 

0.36 
2.16 
3.42 


6.94 
.71 
.68 
.29 
.23 


7.86 


92 


54 


14 

5 

54 

673 


23 


8 
92 
15 
196 
120 
10, 133 
71 

23 
72 
6 


1 
14 
62 
166 

0.36 
2.82 
2.37 


6.55 
1.16 
.62 
.44 
.22 


7.89 


28 


56 
66 
94 
6 
156 
191 
,838 
53 

21 
61 
18 


20 
137 

0.37 
4.31 
1.13 


5.81 
1.  U 
.08 
.25 
.19 


7.44 


37 


4 
24 

463 


66 
29 
69 
16 
22 
11 

4 
44 
16 
98 
11 
133 
104 
8,580 
77 

11 
63 
26 


3 

16 
33 
180 

0.44 
1.85 
3.70 


7.71 


Including  amount  hogged  down. 
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Table  29. — Percentaffe  distribution  of  farms,  by  cost  of  producinff  100  pounds 
marketable  hogs,  live  weight 


Farms  in  each  cost  dass  in — 

Range  in  cost 

South- 
west 
Georgia 

South- 
east 
Alabama 

South 
Carolina 

Missis- 
sippi 

Less  than  $3.00 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

$3.01  to  $4.00                   

3 
11 

5 

19 
13 
16 
14 
11 

8 

2 
11 
16 
13 
13 
13 
11 
6 
5 
11 

$7.71 

$4.01  to  $5.00 

8 
15 
23 
15 
8 
8 

22 

$5.01  to  $0.00 

6 

$6.01  to  $7.00 

11 

$7  01  to  $8.00 

28 

$8.01  to  $9.00 

11 

$9.01  to  $10.00 

6 

$10  01  to  $11  00 

11 

$11.01  to  $12.00 ..- 

15 
8 

$7.89 

5 

Over  $12.00 

$7.85 

$7.44 

Another  type  of  ho^  production  that  is  common  in  many  parts  of 
the  South  but  on  which  there  is  little  information  is  what  may  be 
called  range-hog  production.  This  type  is  common  in  Florida,  south- 
eastern Georgia,  and  southern  parts  of  Alabama  and  Mississippi  where 
there  are  large  acreages  of  open  woods-  The  general  plan  is  to  allow 
the  hogs  to  run  wild,  raise  their  litters  in  the  woods,  live  on  roots  and 
grass,  and  fatten  in  the  fall  on  mast.  The  hogs  are  rounded  up  in 
the  winter  and  sold.  They  are  usually  small,  even  though  perhaps 
several  years  old.  The  meat  from  these  animals  is  generally  cred- 
ited with  being  excellent.  Where  conditions  are  such  that  hogs  can 
be  handled  in  this  way,  it  is  perhaps  one  of  the  most  economical 
methods  known,  for  there  is  practically  no  feed  and  no  work  other 
than  the  gathering.  The  income  from  the  hogs  is  all  profit  as  even 
the  range  used  may  belong  to  someone  else. 

DISEASES  AND  PARASITES 

Cholera  is  probably  causing  the  greatest  loss  among  hogs  in  the 
coastal  plain,  but  here,  as  in  other  areas,  it  can  be  controlled  if  the 
hogs  are  treated  properly  with  serum.  The  next  largest  sources  of 
loss  are  intestinal  parasites,  lung  w^orms,  etc.  Sanitation  methods 
have  been  worked  out  for  the  Corn  Belt  that  will  reduce  losses  from 
these  sources  tremendously.  The  Bureau  of  Animal  Industry  is  now 
working  on  a  project  in  southern  Georgia  that  should  develop  meth- 
ods of  parasite  control  applicable  to  the  entire  coastal  plain.  On  the 
whole,  the  diseases  and  parasites  that  trouble  the  pig  producer  in  this 
area  are  only  slightly  greater,  if  any,  than  in  the  Corn  Belt  and  are 
not  insurmountable  hindrances  to  the  raising  of  hogs  as  a  permanent 
enterprise.  The  fact  that  annual  crops  are  used  so  largely  in  raising 
and  fattening  hogs  should  make  it  easier  to  control  parasites. 

THE  BEEF-CATTLE  ENTERPRISE 

CONSUMPTION  AND  MARKETS  FOR  BEEF 

In  1925  about  one-half  as  much  beef  as  pork  was  consumed  in  the 
cities  studied  in  the  coastal  plain,  with  the  exception  of  Savannah, 
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Per  cent 
Savannah,  Ga 33 

Montgomery,  Ala 64 

Atlanta,  Ga 42 


where  the  people  seem  to  be  very  large  consumers  of  beef.  (Table 
2.)  Possibly  part  of  the  apparent  consumption  in  Savannah  was 
used  in  provisioning  shij)s  leaving  that  port.  The  quantity  of  beef 
that  was  slaughtered  locally  and  to  a  lesser  extent  produced  locally 
may  be  seen  in  Table  2.  An  estimate  made  as  to  what  percentage 
of  the  quantity  of  beef  consumed  was  produced  in  the  South  is  as 
follows : 

Per  cent 

Albany,  Ga 93 

Dothan,  Ala 92 

Florence,   S.   C 40 

Meridian,  Miss 81 

Although  a  much  larger  proportion  of  the  beef  consumed  than  of 
the  pork  consumed  is  produced  in  the  South,  the  percentage  is 
small  for  the  larger  cities. 

Nearly  all  of  the  better-quality  beef  is  shipped  in  from  middle- 
western  points.  Most  of  the  beef  cattle  in  the  South  are  small  and  of 
very  low  grade.  This  is  shown  by  a  comparison  of  the  monthly 
average  data  on  cattle  slaughtered  for  21  months  from  July,  1924, 
to  March,  1926,  by  a  packing  plant  in  this  area  with  those  of  a  large 
packing  plant  in  Chicago.  During  this  period  the  average  live 
weight  of  cattle  slaughtered  at  the  southern  plant  was  613  pounds, 
the  dressing  percentage  47,  and  the  cost  $3.54  per  100  pounds,  as 
compared  with  an  average  weight  of  1,034  pounds,  a  dressing  per- 
centage of  54.9,  and  a  cost  of  $7.61  per  100  pounds  in  the  Chicago 
plant. 

Table  30. — Percentage  distrihution^  Jyy  weight  of  steers  and  cows,  received  at  a 
southern  packing  plant,  1925 


Weights                      Steers 

Cows 

Weights 

Steers 

Cows 

Per  cent 
Over  1,000  pounds                                 5 

Per  cent 

600  to  700  i)ounds      

Percent 
25 
20 

10 

Per  cent 
15 

900  to  1  000  pounds                                  5 

6 
10 
5 

500  to  600  pounds 

30 

800  to  900  pounds                                    25 

400  to  500  pounds 

35 

700  to  800  pounds 10 

The  wide  differences  in  weight,  dressing  percentage,  and  price  be- 
tween cattle  received  at  the  two  })lants  are  typical  of  the  differences 
between  cattle  from  the  South  and  those  from  the  Middle  West. 
The  large  percentage  of  lightweight  cattle  received  at  the  southern 
plant  is  shown  in  Table  30. 

PRICES 

Average  prices  received  by  [)roducers  in  the  South  as  com])ared 
with  prices  received  in  other  sections  of  the  country  for  beef  cattle 
over  a  period  of  years  are  shown  in  Table  31.  Prices  in  these  South- 
ern States  averaged  consistently  lower  than  those  in  the  Middle  West- 
ern States,  and  even  lower  than  in  the  range  States  during  years  of 
extreme  depression.  This  is  due  largely  to  a  difference  in  quality 
and  grade  of  cattle.     The  small,  thin  animals  of  dairy  conformation, 
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or  the  native  range  cattle  of  the  South,  lack  most  o.f  the  attributes 
that  are  demanded  of  modern  beef -producing  animals.  Casual  ob- 
servation at  any  market  in  the  coastal  plain  is  sufficient  evidence 
to  show  that  the  average  run  of  southern,  cattle  is  of  extremely  low 
grade. 

Table  31. — Beef  cattle:  Estimated,  average  price  per  100  pounds  received  Vy 
producers,  in  specified  States,  192S-192G 

[In  dollars] 


State 


South  Carolina 

Georgia 

Florida 

Alabama 

Mississippi 

Nebraska 

Kansas 


1923 

1924 

1925 

1926 

4.02 

4.16 

4.34 

4.52 

3.48 

3.64 

4.05 

4.28 

4.50 

4.37 

3.99 

4.58 

3.00 

3.26 

3.52 

3.99 

2.90 

2.87 

3.22 

3.82 

6.79 

7.22 

8.09 

7.96 

5.91 

6.08 

7.19 

7.32 

State 


Iowa 

Illinois 

New  Mexico 

Arizona 

Colorado 

Wyoming... 
Montana 


1923       1924       1925       1926 


7.34 
6.60 
4.20 
5.10 
5.91 
6.21 
6.88 


7.43 
6.  51 
4.62 
6.52 
5.85 
5.92 
5.58 


8.52 
7.58 
6.15 
5.72 
6.62 
6.37 
6.10 


00 


6.27 
6.  97 
6.48 
6.28 


U.  S.  Department  of  Agriculture  Yearbooks,  1923-1926  {15,  p.  893;  16,  p.  862;  17,  p.  1052;  18,  p.  10^7). 

There  seems  to  be  a  rather  consistent  differential  between  the 
price  of  one  grade  of  cattle  at  Atlanta  and  the  same  grade  in  Chicago. 
For  the  two  years  1924  and  1925  the  difference  between  the  Atlanta 
and  Chicago  prices  for  the  various  grades  was  about  as  follows,  the 
Atlanta  prices  being  lower:  For  steers  of  1,100  pounds  and  under, 
medium  grade,  $1.75  to  $2;  common  grade,  $1  to  $1.50;  canner  and 
cutter  grade,  $0.50  to  $1.25.  For  cows,  common  and  medium  grades, 
$0.25  to  $0.50;  canner  and  cutter  grade,  $0.30  to  $0.65. 

East  St.  Louis  is  the  nearest  major  market.  Atlanta,  Mont- 
gomery, and  New  Orleans  are  the  principal  markets  immediately 
adjacent  to  or  in  the  coastal  plain  (Table  32).  The  figures  quoted 
will  probabW  be  representative  of  the  situation.  The  supply  of  good 
cattle  from  this  area  is  small  and  seasonal,  and  although  the  demand 
is  not  large,  it  is  rather  constant.  As  a  result,  the  spread  between 
the  prices  of  the  cattle  grading  medium  and  good  and  those  grading 
common  and  lower  is  much  less  than  is  the  case  in  a  large  livestock 
market  such  as  Chicago  or  St.  Louis.  The  better  the  quality  of 
cattle  the  greater  the  differential  between  the  Chicago  price  and 
the  price  paid  in  this  area.  This  is  a  real  handicap  to  improve- 
ment in  beef  animals.  This  spread  in  the  prices  of  better  animals 
would  seem  to  be  unjustified,  as  this  area  is  clearly  a  deficit  area  as 
far  as  the  grades  of  medium  beef  and  better,  are  concerned,  and  the 
prices  for  these  grades  should  be  about  equal  to  the  prices  at  the 
nearest  surplus  point  plus  the  transportation  cost  there. 

Instead  of  producers  of  good  cattle  having  to  ship  them  to  St. 
Louis  to  get  a  fair  price,  they  should  be  able  to  sell  at  near-b}^ 
points  for  at  least  as  much  as  is  received  at  St.  Louis.  There  is  no 
economy  from  a  national  standi)oint  in  shipping  the  live  animal 
north  and  returning  the  carcass  over  the  same  line  such  a  long 
distance.  Probably  as  beef  production  expands  in  some  of  the 
favored  sections  of  this  area,  some  cities — Montgomery  for  instance — 
may  become  better  markets  for  the  higher  grades  of  cattle. 


LIVESTOCK    IN    THE    COASTAI,   PLAIN 


57 


Table  32. — Cattle  and  calves:  Rcc<ipt><  at  certain  public  .stockyardn,  1D23-1027 

[In  tliousands] 


Market 


Atlanta,  On 

Augusta,  (la 

Chattanooga,  Tenn 
Jacksonville,  Fla... 
Knoxville,  Tenn.... 

Memphis,  Tenn 

Montgomery,  Ala. . 

Moultrie,  Ga 

Nashville,  Tenn 

New  Orleans,  La... 

Richmond,  Va 

liicago,  111 


1923 

1924 

1925 

1920 

r,'j 

50 

65 

56 

12 

9 

9 

9 

17 

15 

15 

14 

7 

6 

7 

9 

22 

25 

27 

20 

22 

19 

21 

48 

75 

77 

73 

94 

5 

7 

6 

8 

96 

100 

116 

109 

207 

212 

205 

202 

32 

33 

39 

37 

3,918 

3,997 

3,871 

4,012 

1927 


97 

8 

12 

31 

23 

107 

153 

15 

91 

185 

34 

3,583 


U.  S.  Dept.  Agr.  Yearbook  (19,  p.  9S6). 

Tliere  are  packing  plants  at  Moultrie  and  Atlanta,  Ga.,  Birming- 
ham, Ala.,  and  other  points.  Much  of  the  fresh  beef  used  in  the 
smaller  towns  is  from  cattle  purcliased  by  local  butchers  from  the 
surrounding  country  and  slaughtered  in  local  abattoirs. 

PRODUCTION  OF  BEEF  CATTLE 

One  of  the  limiting  factors  of  beef-cattle  production  in  the  coastal 
plain  is  the  Texas-fever  tick.  Tick  eradication  is  progressing  rapidly 
and  the  quarantine  line  is  being  pushed  farther  south  every  year. 
The  area  remaining  under  quarantine  on  December  1,  1928,  is  shown 
in  Figure  9.  Little  progress  can  be  made  in  improving  cattle  in  the 
quarantine  area;  consequently,  no  great  improvement  can  be  looked 
for  in  the  native  cattle  of  much  of  Florida  and  a  large  part  of 
southern  Mississippi  until  the  cattle  tick  is  eradicated. 

That  part  of  the  coastal  plain  that  is  released  from  quarantine 

f     may  be  divided  into  three  general  divisions  as  far  as  the  production 

^  ■  of  beef  cattle  is  concerned:  (1)  The  piney  woods  sections;   (2)  the 

middle  coastal  plain  of  South  Carolina  and  Georgia  and  the  lower 

coastal  plain  and  clay  hills  sections  of  Alabama  and  Mississippi; 

(3)  the  Black  Prairie  Belt  of  Alabama  and  Mississippi. 

The  piney  woods  sections  comprise  parts  of  the  coastal  flatwoods 
of  South  Carolina  and  Georgia  and  the  long-leaf  pine  sections  of 
the  lower  coastal  plain  of  Alabama  and  Mississippi.  These  sections 
may  be  characterized  largely  as  open  range,  as  the  relatively  small 
acreage  in  crops  is  usually  fenced.  Until  recently  livestock  were  per- 
mitted to  run  at  large  over  a  considerable  portion  of  this  region, 
but  the  adoption  of  "no-fence"  laws^  is  rapidly  restricting  the  free 
range.  The  native  grasses  that  occur  furnish  good  grazing  for  about 
three  months  in  the  spring  but  for  the  other  nine  months  of  the 
year  will  not  provide  even  a  maintenance  ration.  It  is  possible  to 
I  develop  good  pastures  in  those  parts  of  tlie  section  having  low,  moist 
land  or  a  fairly  heavy  type  of  upland  soil.     (Figs.  7  and  10.) 

'  In  the  constal-plain  area  the  form  "  no-fenro  law"  doos  not  mpnn  a  law  airainKt  having 
r<>nces,  but  nithor  a  law  against  having  '•  no  fcncos."  For  example,  a  crop  farmir  Is  not 
nqulred  to  fence  his  farm  to  pn)tect  Ills  crops  from  bis  neighbcrs*  livestock,  but  a  livestock 

J      farmer  must  fence  his  pasture  or  range  to  prevent  his  livestock   from  ranging  on   his 

I      neighbors'  farms. 
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In  the  middle  coastal  plain  of  South  Carolina  and  Georgia  a  con- 
siderable portion  of  the  lower  coastal  plain  of  Alabama  and  Missis- 
sippi, and  in  the  clay  hills  section  of  Alabama  and  Mississippi  beef- 
cattle  production  has  some  possibilities  on  farms  where  lowland 
pastures  can  be  developed  cheaply.  Although  only  a  relatively  small 
portion  of  the  total  land  area  in  these  sections  is  capable  of  such 
development,  there  are  many  farms  along  streams  and  rivers  that 
have  a  considerable  acreage  of  land  that  can  easily  be  made  into  good 
pasture. 

The  Black  Prairie  Belt  with  its  cheap  and  excellent  grazing  and 
abundance  of  hay  for  winter  roughage  is  outstanding  in  its  possibili- 
ties for  economical  production  of  beef  cattle.  As  a  rule  the  farms  in 
this  section  are  large,  and  the  majority  have  a  considerable  acreage 
of  land  already  in  pasture.     These  pastures  generally  have  a  high 


Figure  10. — Improved  pasture  in  cut-over  section.  When  carpet  grass  and  Les- 
pedeza  have  become  established  in  the  cut-over  pine  sections,  pastures  of  high 
carrying  capacity  may  be  had  for  eight  months  of  the  year 

carrying  capacity  and  will  furnish  grazing  from  9  to  10  months  of 
the  year. 

The  possibilities  of  beef-cattle  production  in  each  of  these  sections 
are  discussed  later  in  this  bulletin. 

THE  SHEEP  ENTERPRISE 

The  consumption  of  lamb  and  mutton  in  comparison  with  that  of 
beef  and  pork  is  almost  negligible  in  cities  of  the  coastal  plain.  The 
demand  for  lamb  is  on  the  upward  trend,  but  there  is  no  immediate 
outlook  for  any  great  increase  in  consumption  in  this  area.  The  per 
capita  consumption  of  lamb  in  the  United  States  is  small,  and  the 
principal  market  is  in  the  large  cities  of  the  North  and  East. 

RANGE  SHEEP  PRODUCTION 

Although  there  is  little  prospect  of  an  appreciable  increase  in  the 
consumption  of  lamb  and  mutton  in  the  South,  the  sheep  industry 
occupies  a  place  in  the  agriculture  of  certain  sections  of  the  coastal 
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Elain.  Ranore  sheep  production  in  the  piney  woods  sections  of  Ala- 
ama,  Florida,  Georgia,  and  Mississippi,  although  not  important  as 
far  as  the  industry  as  a  national  enterprise  is  concerned,  is  important 
to  the  men  engaged  in  it.  In  these  sections  the  sheep  are  allowed  to 
run  wild  in  the  woods  and  cut-over  districts  with  practically  neither 
care  nor  expense.    They  are  rounded  up  for  shearing,  and  for  gather- 


'j^i^rlt  't^  ^!^4  "'ti-k  .MA. I 


"^^P^l^ 


^^^r  ^l! 


Figure  11. — Ran^e  sheep  in  Mississippi.  Range  sheep  such  as  these  in  the  cut-over 
sections  of  southern  Mississippi  are  used  sucessfully  as  foundation  stock  for  flocks 
in  the  Black  I'rairie  Belt 


FiorRK  12. — Early  lauilis  in  the  Black  i'rairie  Belt.     A  wniall  tlock  of  sheep  for  the 

Eroduction  of  early  lambs  has  a  place  in  the  organization  of  most  farms  in  the 
lack  I'rairie  Belt 

ing  the  sheep  and  lambs  to  be  sold.  Losses  are  high,  but  the  income 
from  the  enterprise  is  practically  all  net  except  for  the  small  cost  of 
rounding  up,  shearing,  and  marketing.  The  range  is  not  fenced,  so 
the  sheepman  does  not  even  have  to  own  the  land  over  which  his 
flocks  graze. 

Formerly  these  range  sheep  were  raised  mostly  for  their  wool,  but 
during  recent  years  a  demand  has  developed  for  young  native  ewes 
for  breeding  purposes.     (Figs.  11  and  12.)     These  native  ewes  are 
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not  of  prepossessing  appearance  from  an  animal-husbandry  stand- 
point, but  years  of  acclimatization  have  made  them  hardy  and  ad- 
mirably adapted  for  use  as  breeding  stock  in  southern  States  where 
sheep  from  the  North  or  West  are  more  susceptible  to  parasites  and 
other  troubles. 

No  data  were  obtained  on  range  production,  but  it  would  seem  that 
it  might  be  worth  while  to  give  these  range  ewes  and  their  lambs 
some  shelter  from  the  cold  winter  rains  and  possibly  some  roughage 
for  winter  feed.  A  few  more  lambs  saved  would  soon  pay  for  this 
extra  cost. 

FARM  PRODUCTION  OF  SHEEP 

Sheep  are  relatively  unimportant  on  farms  in  most  sections  of  the 
coastal  plain,  and  in  most  crop-producing  sections  they  have  little 
to  recommend  them  as  a  part  of  the  farm  business.  On  occasional 
farms  a  small  flock  is  sometimes  kept,  mainly  for  utilizing  waste 
feed.  During  the  crop  season  they  have  to  be  kept  out  of  cultivated 
fields  and  if  confined  to  small  pastures  are  likely  to  become  infested 
with  parasites.  Data  on  a  few  small  flocks  of  this  kind  in  the  short- 
leaf  pine  section  of  Mississippi  are  given  in  Table  33. 

Successful  and  economical  production  of  sheep  in  this  area  neces- 
sitates having  sufficient  grazing  land  to  permit  of  frequent  change 
of  pasture  in  order  to  minimize  the  danger  from  internal  parasites. 
The  Black  Prairie  Belt  is  the  only  section  in  the  area  in  which  a 
large  number  of  farms  have  extensive  acreages  in  pasture.  This  sec- 
tion offers  possibilities  for  economical  sheep  raising,  especially  early- 
lamb  production,  and  considerable  progress  has  been  made  with  the 
enterprise  during  the  past  few  years.  Sheep  production  in  the  main 
crop-producing  sections  should  be  confined  to  small  flocks  on  farms 
w^here  there  is  considerable  summer  pasture  and  where  the  farmer 
can  give  them  the  attention  they  deserve. 

Table  33. — Organization  of  farms  raising  sheep  and  income  from  the  sheep 

enterpri.se,  192o 


Item 

Black 

Belt  in 

Alabama 

Shortleaf 
pine  sec- 
tion In 

Missis- 
sippi 

Farms 

_ number.. 

5 
746 
352 

80 
100 

59 
26 
14 
47 
15 
15 
238 

100 

8 

Acreage  operated  . 

acres.. 

643 

Acreage  in  crops 

do 

159 

Farms  raising: 

Cotton 

per  cent 

100 

Corn     . 

do 

100 

Livestock: 
Sheep — 
Ewes 

number 

16 

.      do.... 

18 

Work  animals 

do 

10 

Dairy  cows.. ._  ._     

do.... 

10 

Beefcattle  ....                       

do.... 

10 

Hogs 

do 

17 

Chickens 

do.-.. 

90 

Farms  having: 

6  or  more  dairy  cows 

25  or  more  beef  cows 

.percent.. 

do 

100 

12.5 
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Table  33. — Organization  of  farms  raising  sheep  and   income  from  the  sheep 
enterprise,  ld45 — Continued 


Item 

Black 

Bolt  in 

Alabama 

Shortleaf 
pine  sec- 
tion in 
Missis- 
sippi 

Cost  and  income  per  flock: 
Cost— 

Feed  and  pasture 

doUars.. 

do.... 

147 
24 
29 
8 

50 

15 

ICquipnient 

do..-. 

8 

h\  iscullaneous 

.    .do..  - 

2 

do-... 

Total 

208 
41 

75 

Decrease  inventory 

do.... 

13 

do.... 

Total  expense  - 

249 

88 

-do- 

Income — 

Sale  ot'  sheep 

5C3 
161 

91 

Sale  of  wool 

do.... 

40 

do-... 

Total 

724 

131 

.do.... 

Net  income                      .. 

475 
690 

43 

Total  investment  in  sheep 

do.... 

168 

THE  POULTRY  ENTERPRISE 

Reliable  data  were  not'  obtainable  on  the  local  production  and  con« 
sumption  of  poultry  and  eggs  in  the  cities  studied.  Probably  Dothan, 
Ala.,  Albany,  Ga.,  and  Meridian,  Miss.,  came  nearer  supplying  their 
needs  from  local  production  than  the  other  cities.  It  is  obvious  that 
the  production  of  poultry  and  eggs  in  the  coastal  plain  falls  con- 
siderably short  of  supplying  the  demand.  From  1919  to  1924  there 
was  a  decrease  in  egg  production  per  capita  in  all  coastal-plain 
States  except  Florida,  which  showed  an  increase  of  17.5  per  cent. 
(Table  34.)  This  decrease  was  probably  due  in  part  to  the  sharp 
decline  in  the  farm  price  of  eggs  during  this  period. 

There  is  need  for  expansion  of  the  poultry  enterprise  both  on  a 
commercial  scale  and  on  farms  to  supply  local  needs  of  the  coastal 
plain.  The  large  winter  population  of  Florida  makes  that  State  a 
good  market  for  both  poultry  and  eggs,  for  in  spite  of  increased 
production,  Florida  in  1925  received  32  carloads  of  eggs  from  Cali- 
fornia alone  {2r^), 

Considerable  expansion  in  i)oultry  production  has  taken  place 
during  the  past  few  years.  This  has  been  brought  about  by  a  con- 
certed effort  on  the  i)art  of  the  State  institutions,  and  as  a  result 
live  poultry  iu  carload  lots  are  being  shipped  at  intervals  from  many 
sections  in  the  area. 
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Table  34. — Eggs:  Per  capita  production,  J02-'i,  and  percentage  increase,  1919-192^ 


Region  and  State 

Egg  production 
per  capita 

Region  and  State 

Egg  production 
per  capita 

1924 

Increase 
1919-1924 

1924 

Increase 
1919-1924 

United  States                     

Number 
202 
115 
316 
137 
211 
302 

95 
217 
218 

94 
214 

Per  cent 
8.0 
26.4 
4.6 
11.6 
17.2 
39.8 
32.4 
23.3 
60.3 
88.0 

Illinois- - 

Number 

194 

664 

485 

74 

78 

95 

94 

108 

340 

292 

290 

Per  cent 
-1.0 

East 

Iowa 

10.3 

Mid-west 

Nebraska  .-  

6.6 

South 

South  Carolina 

-18.7 

Mountain 

Georgia 

-18.8 

Pacific 

Alabama  

-20.8 

New  York 

Florida  ..           .... 

17.5 

Vermont  

Mississippi 

-32.5 

Washington 

Oregon 

80.8 

New  Jersey 

30.4 

Ohio 

California.- 

29.5 

Statistics  of  the  poultry  industry  with  special  reference  to  11  Western  States,  Bureau  of  Agricultural 
Economics. 

The  coastal  plain  has  certain  advantages  such  as  favorable  climate 
during  the  winter  season  (fig.  13  and  Table  35),  fair  transportation 
to  the  great  consuming  centers,  and  the  possibility  of  year-long  green 
crops.  It  also  has  certain  disadvantages  such  as  high  grain  prices 
and  a  long,  hot  summer  season.  Farm  flocks  in  the  Southeastern 
States  are  small  in  comparison  with  farm  flocks  of  Middle  Western 
States.  Probably  one  reason  for  this  is  scarcity  of  grain  and  other 
feeds  so  abundant  on  most  farms  in  the  Corn  Belt,  where  a  small 
flock  of  poultry  can  live  largely  by  picking  up  waste  feed. 

Table  35. — Freight  and  express  rates  on  eggs  to  New  York  from  various  stations,^ 

Septemt)er,  1926 


Freight 

Express 

Station 

Per  100 
pounds 

Per 
dozen  2 

Per  100 
pounds 

Per 
dozen  2 

Pacific  Coast: 

Seattle,  Wash.. 

Cents 
260 
260 
260 
260 

1421^ 
174 
198 

149H 
185 
104 

im 

f 

Cents 
4.5 
4.5 
4.5 
4.5 

2.4 
29 
3.3 

2.6 
3.1 

1.7 
1.2 

.7 
.8 
L2 
.9 

Cents 

Cents 

Petaluma,  Calif 

Salt  Lake,  Utah 

Pocatello,  Idaho 

South: 

Nashville,  Tenn 

311 

5.4 

Fayetteville,  Ark     

Fort  Worth,  Texas...                        

617 

360 
405 
292 
255 

109 
116 
169 
139 

8.9 

Mid- West: 

Des  Moines,  Iowa 

6.2 

6.9 

Bloomington,  111 

6.0 

Washington  Court  House,  Ohio.. 

4.3 

East: 

Vineland,  N.  J.... 

L7 

Syracuse,  N.  Y -.. 

2.2 

Harrisonburg,  Va                                           .           ... 

2.9 

Manchester,  N.  H 

2.4 

Statistics  of  the  poultry  industry  with  special  reference  to  the  11  Western  States,  Bureau  Agricultural 
Economics. 

1  Freight  rates  are  for  car-lot  shipments;  express  rates  for  less  than  car  lot;  icing  charges  not  included. 
Icing  charges  from  the  Pacific  coast  to  New  York  are  $90  per  car  or  about  0.006  cent  per  dozen  for  500-case 
cars. 

2  Cents  per  dozen  figured  at  the  rate  of  52  pounds  per  30-dozen  case. 
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Larger  poultry  enterprises  would  seem  a  profitable  addition  on 
many  farms  in  the  coastal  plain  even  though  some  time  had  to  be 
given  to  raising  feed  for  the  flock  and  some  feed  had  to  be  purchased. 
It  is  probably  true  that  on  many  farms  there  is  no  one  enterprise 
that  would  add  more  income  to  the  farm,  considering  the  investment, 
than  a  moderate-sized  flock  of  poultry  properly  cared  for.  This  is 
especially  true  if  some  member  of  the  family  other  than  the  operator 
can  give  the  required  attention  to  the  flock. 

In  Table  36  are  given  the  results  of  the  poultry  records  taken  in 
different   sections.     The   records  have   been   divided   into   two   size 
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Figure  13— Normal  Temperature  in  Selected  Localities 

Mild  winters  are  a  distinct  advantaj^re  to  tlie  economical  production  of  winter  eggs. 
(Mim.  report.  Bur.  Agr.  Econ.,  Statistics  of  tlio  poultry  indu.stry  witli  special 
reference  to  11  Western  States.) 

groups — those  with  less  than  500  hens  and  i)ullets  and  those  over 
this  number.  The  first  group  may  be  considered  as  farm  flocks  and 
the  latter  group  as  representing  the  commercial  type  of  production. 
These  flocks  were  a  source  of  substantial  income  as  the  sales  of 
poultry  and  eggs  on  these  moderate-sized  flocks  averaged  from  $600 
to  $900.  The  labor  expended  on  these  flocks  was  largely  family 
labor,  and  some  of  the  feed  was  home  grown.  Most  of  the  flocks  with 
more  than  500  hens  and  pullets  were  a  part  of  a  farm  organization ; 
a  few  were  specialized  businesses.  Flocks  with  700  to  800  hens  and 
pullets  would  require  somewhat  more  time  than  the  smaller  flock 
but,  generally  speaking,  the  time  spent  would  be  well  paid  for. 
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Table  36. — Farm  data  on.  poultry  production 


Farms  having  less  than  500  hens  and 

Farms  having  500 

or  more 

Item 

pullets  in— 

hens  and  pullets  in- 

South 
Carolina  1 

Georgia 

Missis- 
sippi 

Alabama 

South 
Carolina  1 

Georgia 

Alabama 

Farms number.. 

15 

20 

32 

16 

10 

7 

5 

On  hand  at  end  of  year: 

Old  hens do 

123 

115 

103 

116 

768 

457 

635 

Pullets do 

53 

142 

29 

52 

325 

407 

120 

Males do 

19 

13 

12 

7 

44 

37 

12 

Broilers do 

56 
17 

158 

12 
3 

305 
81 

64 

40 

Others--. do 

2 

Poultry  sold: 

liens.  -do  . 

50 
16 

183 
21 

668 

39 
12 

132 
8 

216 

33 

14 

121 

6 

194 

181 
293 
754 

157 

Pullets do 

5 

Broilers do 

448 

Males.  do 

6 

Chicks,  day  old do 

4,118 

140 

Equipment dollars-. 

462 

607 

222 

283 

3,771 

1,428 

573 

Poultry do 

298 

627 

299 

328 

1,  706 

1,428 

1,086 

Hours  of  labor ...number.. 

1,111 

1.  209 

488 

763 

5,  502 

2,378 

1,195 

Cost  and  income  per  flock: 

Cost- 

All  feed dollars.. 

424 

445 

222 

340 

3,  355 

1,  476 

968 

Labor.- do 

222 

242 

98 

153 

1,100 

476 

2.39 

Equipment do 

•     55 

62 

22 

47 

345 

151 

75 

Miscellaneous do 

9 

49 

13 

14 

70 

167 

20 

Total do_... 

710 

798 

355 

554 

4, 870 

2,270 

1,302 

Income- 

Poultry  sales do 

219 

334 

289 

167 

3,064 

1,652 

444 

Egg  sales do 

640 

600 

306 

439 

3,849 

2,722 

1,746 

Eggs  and  poultry,  home 

use dollars.. 

65 

87 

104 

76 

113 

249 

128 

Increase      inventory 

dollars.. 

39 

151 

50 

76 

314 

342 

227 

Total do.-.. 

963 

1,172 

749 

758 

7,340 

4,965 

2,545 

Net  income. 

2o3 

374 

394 

204 

2,470 

2,  695 

1,243 

Farms  feeding- 

Wheat. per  cent.. 

23 

20 

30 

14 

20 

Corn do 

54 

60 

69 

44 

70 

71 

20 

Oats do 

38 

30 

16 

20 

70 

57 

40 

Mash do 

77 

65 

62 

72 

100 

86 

100 

Mixed  feeds do 

15 

35 

16 

24 

20 

29 

20 

Skim  milk do.... 

23 

65 

91 

56 

40 

43 

80 

Cottonseed  meal do.    . 

"23' 

30' 

9 
16 

4 
24 

10 
30 

20 

Meat  scrap do 

14 

20 

Purina  feed do..  . 

15 
15 

10 

65 

6 

56 

8 
76 

20 
40 

14 

86 

Oyster  shell do 

80 

Scratch  feed do 

31 

30 

28 

24 

50 

43 

20 

i  Number  sold  not  reported. 

A  considerable  use  of  green  feeds  was  made  by  poultry  on  most  of 
these  farms.  Sometimes  such  feeds  as  oats,  rye,  rape,  cabbage, 
turnips,  collards,  millet,  vetch,  and  native  grass  were  planted  espe- 
cially for  chickens,  but  often  they  were  used  incidentally  only  by  the 
poultry.  The  coastal  plain  is  admirably  adapted  to  the  production 
of  green  feeds  during  the  winter  season,  when  it  is  desirable  to  have 
the  greatest  production  of  eggs;  but  it  has  long,  hot  summers,  when 
poultry  do  not  do  so  well  unless  they  have  plenty  of  green  feed,  shade, 
and  water. 

The  principal  mash  feeds  were  corn  meal,  shorts,  bran,  and  com- 
mercial mash.  The  principal  scratch  feeds  were  corn,  wheat,  oats, 
rye,  and  mixed  feed.  Oyster  shell,  skim  milk,  buttermilk,  and  meat 
scraps  were  common  feeds.  A  large  part  of  the  mash  and  scratch 
feeds  was  purchased.  Ready-mixed  poultry  feeds  were  commonly 
used.  Probably  in  many  instances  home-raised  feeds  could  be  mixed 
and  fed  with  equally  good  results. 
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Many  methods  of  marketing  eggs  and  poultry  were  followed,  de- 
pending upon  local  circumstances.  The  tendency  in  marketing  eggs 
and  poultry  in  this  country  seems  to  be  toward  greater  standardiza- 
tion of  product.  This  is  not  so  important  a  consideration  for  the 
coastal  plain  when  supplying  only  local  needs,  but  its  need  is  felt  in 
selling  in  competition  with  strictly  graded  eggs  in  the  Florida 
and  northern  markets. 

No  livestock  products  of  the  coastal  plain  need  cooperative  effort 
more  than  do  poultry  and  eggs,  if  they  are  to  be  a  real  source  of 
income.  An  example  of  what  can  be  done  in  this  respect  is  found  in 
the  cooperation  of  producers  on  the  Pacific  coast  who,  through  a 
uniform  grading  system,  command  high  prices  for  their  product  in 
eastern  cities.  Individual  producers  do  well  when  they  are  supply- 
ing local  markets  with  which  they  are  in  personal  touch,  but  organ- 
izations that  have  a  large  volume  of  business,  a  standardized  product, 
and  a  selling  organization  in  touch  with  the  market  have  the  ad- 
vantage in  the  large  eastern  markets. 

The  status  of  the  poultry  industry  in  the  coastal  plain  may  be 
seen  from  Table  37.  Here  are  shown  from  11  counties  in  5  States 
the  number  of  farms  reporting  chickens,  the  distribution  of  these 
farms  by  size  of  flocks,  and  the  scarcity  of  flocks  large  enough  to 
mean  any  appreciable  source  of  income.  The  scarcity  of  commercial 
flocks  is  apparent,  as  in  several  of  these  counties  there  are  no  flocks 
with  more  than  450  hens. 

The  raising  of  turkeys  for  the  holiday  trade  has  become  important 
in  some  sections.  This  enterprise  appears  to  be  especially  adapted 
to  sections  like  the  Black  Prairie  Belt,  where  there  are  large  tracts  of 
open  land  for  the  turkeys  to  range  over. 

Table  37. — Distribution  of  poultry  flocks,  by  size  per  farm,  in  certain  counties 

of  the  coastal  plain 


Orangeburg  County,  S.  C. 

Berkeley  County,  S.  C. 

Hens  per  farm 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
duced 

Chick- 
ens raised 

Number 

4,097 

1,618 

216 

35 

16 

6 

2 

1 

Number 
15 
45 
100 
151 
200 
25)2 
500 
700 

Dozen 

34 

123 

278 

389 

557 

704 

1,400 

1,000 

Number 

25 

69 

129 

187 

266 

300 

250 

1,200 

Number 

2,018 

382 

25 

4 

Number 
13 
41 
97 
151 

Dozen 

37 

107 

321 

275 

Number 
25 

1  to  25 

28  to  75 

49 

76  to  125 

123 

126  to  175 

85 

176  to  225 

226  to  450 

4 

314 

1,475 

308 

451  to  675 

676  to  900 

901  to  1,125 

1,126  and  over 

1 

1,500 

4.500 

1.500 

Liberty  County,  Ga. 

Laurens  County,  Ga. 

Hens  per  farm 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
duced 

Chick- 
ens raised 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
duced 

Chick- 
ens raised 

1  to  25 

Number 

679 

189 

14 

3 

1 

Number 

14 

42 

97 

1.50 

200 

400 

Dozen 
27 
95 
315 
208 
150 
800 

Number 
20 
68 
194 
141 
600 
300 

Number 

2.385 

1,223 

66 

18 

8 

5 

2 

Number 
16 
40 
100 
150 
205 
330 
500 

Dozen 
42 
107 
288 
440 
940 
680 
1,200 

Number 
32 

26  to  75 

69 

76  to  125 

143 

126  to  176... 

240 

176  to  225 

115 

228  to  450 

420 

451  to  675 

750 

44922°— 29- 
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Table  37. — Distribution  of  poultry  flocks,  &j/!  si^e  per  farm,  in  certain  counties 
of  the  coastal  plain — <:!ontinued 


Colquitt  County,  Ga. 

Hens  per  farm 

Colquitt  County,  Ga.— 
Continued 

Hens  per  farm 

Farms 
report- 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens 
raised 

Farms 
report- 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens 
raised 

1  to  25 

Number 

971 

1,101 

101 

19 

Number 

17 

43 

99 

151 

Dozen 

41 

112 

308 

416 

Number 
42 
66 
152 
199 

176  to  225— 

Number 

13 

13 

2 

1 

Number 

205 

318 

575 

4,000 

Dozen 

747 

1,047 

2,760 

60,000 

Number 
167 

26  to  75 

226  to  450 

290 

76  to  125    . 

451  to  675 

350 

126tol75 

1, 126  and  over 

3,000 

Jackson  County,  Fla. 

Marion  County,  Fla. 

Hens  per  farm 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

1  to25 

N^imber 

1,481 

1,560 

216 

30 

10 

4 

1 

Number 
18 
43 
99 
152 
200 
325 
500 

Dozen 
66 
145 
235 
362 
341 
450 
200 

Number 
25 
60 
64 
73 
134 
512 
30 

Number 

1,115 

729 

113 

25 

16 

6 

4 

Number 
15 
46 
100 
148 
202 
280 
671 

Dozen 
40 
153 
370 
558 
539 
1,621 
1,325 

Number 
18 

26  to  76  __ -- 

44 

76  to  125       

89 

126  to  175.. - 

147 

176  to  225     _ 

438 

226  to  450. 

169 

451  to  676 

425 

676  to  1,125 

1 126  and  over. 

3 

1,067 

7,833 

1,900 

Pike  County,  Ala. 

Fayette  County,  Ala. 

Hens  per  farm 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

1  to25       - 

Number 

2,554 

1,347 

41 

16 

7 

3 

Number 
17 
40 
96 
148 
195 
350 

Dozen 
40 
94 
297 
217 
792 
2,600 

Number 
48 
64 
153 
203 
207 
133 

Number 

1,107 

1,207 

28 

6 

1 

Number 
18 
40 
94 
156 
200 

Dozen 
67 
124 
273 
362 
360 

Number 
29 

26  to  75              

66 

76  to  125 

100 

126  to  175     

172 

176  to  225 

1,600 

226  to  460 

451  to  900       - 

901  to  1,125              _  _ 

1 

1,000 

1,500 

300 

Jones  County,  Miss. 

Noxubee  County,  Miss. 

Hens  per  farm 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
duced 

Chick- 
ens raised 

Farms 
report- 
ing 

Chick- 
ens on 
hand 

Eggs 
pro- 
duced 

Chick- 
ens raised 

1  to  25 

Number 

1,134 

1,261 

99 

20 

8 

11 

2 

Number 
18 
43 
97 
154 
199 
300 
500 

Dozen 

61 

160 

364 

489 

778 

2,104 

4,364 

Number 
25 
54 
117 
162 
223 
660 
560 

Number 

2,769 

634 

43 

14 

Number 

13 

42 

97 

147 

Dozen 

39 

146 

314 

496 

Number 
26 

26  to  75 

82 

76  to  125       - 

186 

126  to  175 

243 

176  to  225 

226  to  450       

1 
1 

250 
500 

1,000 
1,000 

400 

461  to  675 

300 

Data  from  the  Bureau  of  the  Census,  1925  (22). 
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AGRICULTURAL  DIVISIONS  OF  THE  COASTAL  PLAIN 

For  the  purpose  of  this  study  it  was  deemed  advisable  to  divide 
the  coastal  plain  into  the  natural  divisions  that  occur  by  reason  of 
soil,  topography,  and  other  conditions.  Figure  14  shows  the  11  divi- 
sions into  which  the  area  was  divided.  A  brief  description  of  the 
soil,  topography,  and  native  vegetation  of  each  division  follows : 

COASTAL  FLATWOODS  IN  SOUTH  CAROLINA  AND  GEORGIA 

The  coastal  flatwoods  of  South  Carolina  and  Georgia  are  nearly 
flat,  with  only  a  slight  elevation  above  sea  level.     The  drainage  is 


Figure  14.— Divisions  of  the  Coastal  Plain  of  the  Southeastern  States 

This  area  has  been  divided  into  sections  to  facilitate  the  discussion  of  the  live- 
stock problems.  The  division  was  based  on  soil-type,  topography,  and  vegetation  of 
the  area  as  shown  in  various  publications  of  the  States  and  the  Bureau  of  Soils. 

generally  poor.  The  sandy  soils  belong  largely  to  the  Norfolk,  Cox- 
ville,  and  Portsmouth  series.  Heavily  forested  swamps  and  tidal 
marshes  are  numerous  along  the  ocean.  The  uplands  are  forested 
with  pine.  In  South  Carolina,  the  flatwoods  section  occupies  over 
half  of  the  coastal  plain,  but  in  Georgia  it  is  of  much  less  impor- 
tance?. Most  of  this  country  in  both  States  is  unfenced  range  land 
covered  with  a  scant  growth  of  grass,  sedges,  and  other  herbaceous 
vegetation  which  supports  some  piney  woods  cattle.  Only  a  small 
part  of  this  section  is  in  cultivation. 
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FLORIDA  FLATWOODS  AND  EVERGLADES 

The  Florida  flatwoods  section  is  a  continuation  of  the  coastal  flat- 
woods  section  of  Georgia  and  differs  little  from  it  except  in  vegeta- 


FiGURE  15. — Flatwoods  range,  Florida.  The  upland  cut-over  sections  of  the  coastal 
flatwoods  of  South  Carolina,  Georgia,  and  Florida  are  of  but  little  pasture  value, 
as  the  native  grasses  and  other  vegetation  are  scant  and,  except  for  a  short 
time  in  the  spring,  are  too  tough  and  unpalatable  for  grazing 


Figure  16. — Cut-over  range  of  lower  coastal  plains,  Mississippi.  On  the  typical 
cut-over  pine  range  of  the  middle  coastal  plains  of  South,  Carolina  and  Georgia 
and  the  lower  coastal  plains  of  Alabama  and  Mississippi  cattle  will  put  on  rapid 
gains  from  the  middle  of  March  to  around  July  1.  but  after  the  latter  date  will 
gradually  lose  weight  unless  such  grazing  is  supplemented  with  other  feed 

tion.     Some  palmettos  among  the  pines  characterize  this  flat,  poorly- 
drained  section  (figs.  15  and  16),  a  small  percentage  of  which  was 
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used  for  growing  truck  crops  at  the  time  of  this  study.  Most  of  the 
range  cattle  of  Florida  were  in  this  section.  The  Everglades  consti- 
tute an  area  of  peat  muck  and  sandy  soil,  which  is  generally  suit- 
able, when  drained,  for  growing  certain  truck  crops. 

MIDDLE  COASTAL  PLAIN  OF  SOUTH  CAROLINA  AND  GEORGIA 

The  soils  of  the  middle  coastal  plain  section  are  mostly  sandy 
and  belong  to  the  Norfolk,  Tifton,  and  Riiston  series.  The  topog- 
raphy is  level  to  rolling,  and  the  drainage  is  generally  adequate. 
This  section  occupies  a  large  part  of  the  coastal  plain  of  Georgia 
and  is  a  part  of  the  principal  crop-producing  section  of  the  coastal 
plain.  Tliere  is  practically  no  open  range  in  this  section,  as  nearly 
all  the  wooded  land  is.  fenced  as  a  pai-t  of  farms.  Corn,  cotton, 
and  peanuts  are  among  the  principal  crops.  Tobacco,  watermelons, 
and  various  truck  crops  are  important  in  certain  localities. 

FLORIDA   LIMESTONE,   LIMESTONE   SINK,   HAMMOCK   LAND,   AND 

LAKE  SECTION 

These  Florida  sections  form  a  continuation  of  the  middle  coastal 
plain  of  Georgia.  The  soil  is  sandy,  and  the  topogi-aphy  is  for  the 
most  part  gently  rolling.  Not  as  much  of  this  land  is  in  cultivation 
as  in  the  corresponding  section  in  Georgia  as  it  is  not  as  well  adapted 
to  general  farming.  The  lake  section,  however,  is  the  center  of  the 
citrus  fi-uit  and  truck  production  of  the  State.  Many  small  lakes 
are  scattered  over  this  section.  The  counties  adjoining  the  northern 
border  of  the  State  are  much  like  the  middle  coastal  plain  in  Georgia, 
but  farther  south  a  smaller  part  of  the  section  is  in  farms,  and  there 
are  stretches  of  open  woods  that  do  not  differ  from  the  flat  woods 
except  that  they  are  not  as  uniformly  flat. 

FLORIDA  PINE  HILLS 

The  Florida  pine  hills  form  a  hilly,  sandy,  forested  section  in 
the  western  part  of  the  State.  A  very  small  part  of  this  section  is 
in  cultivation.  Part  of  this  section  comprises  a  national-forest 
reserve.  Most  of  the  range  sheep  of  Florida  are  found  in  this 
section,  where  they  run  at  large  with  little  supervision. 

LOWER  COASTAL  PLAIN  IN  ALABAMA  AND  MISSISSIPPI 

The  lower  coastal  plain  in  Alabama  and  Mississippi  corresponds 
to  the  middle  coastal  plain  in  Georgia.  The  soils  are  sandy,  belong- 
ing mostly  to  the  Norfolk  and  Ruston  series.  The  topography 
varies  from  level  to  rolling.  In  eastern  Alabama  this  section  is 
much  like  the  corresponding  section  of  Georgia,  but  in  Mississippi 
it  is  quite  different.  In  Mississippi  it  is  known  as  the  long-leaf  pine 
section  and  is  characterized  by  large  acreages  of  standing  long-leaf 
pine  or  cut-over  land,  which,  until  recently,  were  open  range  for 
cattle  and  sheep  with  farms  only  at  infrequent  intervals.  In  1926, 
lumbering  and  turpentining  were  important  industries  in  the  section 
in  Mississippi,  witn  occasional  farming.  In  Alabama  a  larger  per- 
centage of  the  section  was  in  cultivation. 
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RED  AND  GRAY  LANDS  OF  GEORGIA,  ALABAMA,  AND  MISSISSIPPI 

This  section  differs  from  the  coastal  plain  immediately  below  it  in 
that  the  soils  have  a  more  pronounced  reddish  color.  These  soils 
belong  largely  to  the  Orangeburg,  Greenville,  and  Ruston  series. 
They  are  sandy  as  a  rule  but  are  heavier  than  the  Norfolk  sands  and 
are  somewhat  better  cotton  soils,  and  probably  are  better  pasture 
soils.  Not  all  of  the  land  in  this  section  (fig.  14)  is  composed  of 
these  red  and  gray  soils.  Patches  of  these  soils  are  found  in  adjoin- 
ing sections,  and  any  line  of  demarcation  must  be  considered  as  ap- 
proximate only.  The  topography  varies  greatly,  and  in  places  the 
land  is  badly  cut  by  stream  action.  This  section  should  be  considered 
a  phase  of  the  coastal  plain  immediately  south  of  it. 

CLAY  HILLS  OF  GEORGIA,  ALABAMA,  AND  MISSISSIPPI 

The  clay  hills  section  lies  between  the  red  and  gray  lands  on  the 
south  and  the  sand  hills  and  the  Black  Prairie  Belt  on  the  north. 
In  this  section  is  included  a  narrow  strip  of  level,  poorly  drained 
land  (called  flatwoods)  along  the  southern  border  of  the  Black 
Prairie  Belt,  and  a  small  strip  in  central  Mississippi  called  the  central 
prairie.  With  the  exception  of  these  two  districts  the  topography 
is  generally  rough,  and  the  soils  are  extremely  varied  in  character. 
Soils  of  the  Susquehannah  series  are  intermingled  with  several  others. 
In  general,  the  crop-producing  possibilities  are  relatively  low  except 
as  liberal  applications  of  fertilizer  are  used.  Shortleaf  pine  is  the 
principal  timber. 

SAND  HILLS  IN  SOUTH  CAROLINA  AND  GEORGIA 

The  sand  hills  section  of  the  coastal  plain  forms  a  narrow  strip  of 
country  just  south  of  the  fall  line  between  the  Piedmont  and  the 
coastal  plain.  The  soil  is  a  light  sand,  and  the  topography  is  gen- 
erally hilly.  Fruit  growing  appears  to  offer  the  greatest  opportuni- 
ties for  this  section.  Several  important  cities  are  located  along  the 
fall  line. 

BLACK  PRAIRIE  BELT  IN  ALABAMA  AND  MISSISSIPPI 

The  Black  Prairie  Belt  is  a  crescent-shaped,  strip  of  land  averag- 
ing about  30  miles  in  width  which  extends  across  central  Alabama 
and  into  northeastern  Mississippi.  The  typical  soil  of  this  section  is 
a  grayish  to  almost  black  lime  clay  belonging  to  the  Houston  and 
closely  related  series.  The  section  is  interspersed  with  patches  of 
nonlime  soils  belonging  largely  to  the  Oktibboha,  Susquehannah,  and 
Ocklocknee  series.  The  topography  varies  from  level  to  gently  roll- 
ing, and  drainage  is  generally  good.  The  timbered  reaches  occur 
mostly  along  streams  and  on  the  nonlime  soils  and  are  largely  of 
oaks  and  hickory.  A  high  percentage  of  the  land  was  in  cultivation 
at  one  time,  and  that  not  in  cultivation  at  present  is  generally  taken 
up  with  Bermuda  or  Johnson  grass. 

APPALACHIAN  BORDER 

The  Appalachian  border  lies  between  the  Black  Prairie  Belt  and 
the  Appalachian  Mountains.     The  soils  are  of  a  mixture  of  types, 
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and  the  topography  is  generally  rough  and  broken.    The  forests  are 
of  mixed  shortleaf  pine  and  hardwood. 

LIVESTOCK   PRODUCTION   AS   A   PART  OF   FARM 
ORGANIZATIONS  IN  THE  COASTAL  PLAIN 

The  place  that  different  livestock  enterprises  may  occupy  in  the 
farm  organization  and  the  possibilities  for  developing  livestock  pro- 
duction varies  considerably  in  the  different  agricultural  sections  of 
the  coastal  plain.  Poultry  production  and  dairying  are  capable  of 
some  expansion  in  practically  all  sections.  The  possibilities  for  ex- 
panding beef-cattle,  hog,  and  sheep  production  are  more  limited. 
Commercial  hog  production  is  limited  to  those  sections  that  are 
adapted  to  the  economical  production  of  finishing  crops,  but  meat 
for  nome  use  can  and  should  be  produced  in  practically  all  sections. 
Beef-cattle  and  sheep  production  can  be  expanded  only  where  cheap 
grazing  is  available. 

FINANCING  LIVESTOCK  PRODUCTION 

The  question  of  credit  for  financing  the  introduction  of  livestock  on 
farms  of  the  coastal  plain  is  not  a  serious  one.  Bankers  as  a  rule  are 
not  as  familiar  with  the  possibilities  and  requirements  of  livestock 
production  in  this  area  as  is  desirable,  but  no  general  complaint  of 
mability  to  borrow  money  for  the  purchase  of  livestock  was  found. 
If  a  farmer  prepares  for  livestock  by  providing  pasture  and  feed  and 
is  a  reasonally  good  risk,  there  appears  to  be  no  question  but  that  he 
can  obtain  credit  for  a  modest  start  in  livestock  production,  but  put- 
ting livestock  on  farms  that  are  not  prepared  for  them  is  attended 
with  considerable  risk  and  usually  turns  out  a  failure-  Such  ventures 
have  resulted  in  a  prejudice  against  livestock  enterprises  among  both 
farmers  and  bankers.  Any  campaign  for  the  introduction  of  live- 
stock in  this  area  should  be  accompanied  with  a  definite  understanding 
that  no  loan  will  be  made  for  this  purpose  unless  adequate  prepara- 
tion has  been  made  for  caring  for  the  animals.  The  indiscriminate 
scattering  of  dairy  cows,  brood  sows,  or  other  livestock  among  farm- 
ers of  the  South  will  help  very  little  in  establishing  permanent  live- 
stock enterprises. 

ORGANIZATION  OF  FARMS  PRODUCING  FLUID  MILK  FOR  LOCAL 

CONSUMPTION 

Production  of  fluid  milk  for  the  citie3  and  towns  of  the  coastal 
plain  is  largely  a  specialized  type  of  farming.  Except  in  one  or  two 
sections  the  number  of  farms  that  can  profitably  engage  in  this  enter- 
prise is  strictly  limited  and  is  relatively  a  very  small  part  of  the  total 
number  of  farm3  in  the  area.  For  those  who  must  retail  their  milk, 
crop  production  should  be  confined  to  feeds  required  for  the  herd, 
particularly  roughage.  As  a  rule  the  operator  does  not  have  time  to 
supervise  other  enterprises.  Income  from  several  sources  is  not  so 
important  with  dairying  as  with  some  other  types  of  farming  because 
tlie  production  and  price  of  milk  can  usually  be  depended  upon  to 
remain  rather  stable.  The  chief  reason  for  other  enterprises  on  dairy 
farms  is  to  keep  the  labor  profitably  employed.  The  greatest  weak- 
ness in  the  organization  of  these  coastal-plain  farms  was  the  re- 
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liance  on  purchased   feeds,  both   concentrates   and   roughage,   with 
often  little  or  no  improved  pasture. 

The  following  are  some  general  suggestions  to  milk  producers  who 
do  their  own  retailing : 

Confine  efforts  largely  to  the  efiicient  production  and  marketing  of  milk. 
Provide  a  permanent  improved  pasture  on  lowland. 
Develop  a  herd  of  at  least  40  cows  for  necessary  volume  of  business. 
Secure   an   average  production   per   cow   of  5,500  pounds  of  milk  or  over. 
(Table  4  and  Fig.  17.) 
Raise  nearly  all  the  roughage,  hay,  and  silage  required. 
Have  cows  freshen  in  fall. 
Supplement  purchased  concentrates  with  velvet-bean  pastures  in  winter. 


Figure   17, 


-A    good    type    of    dairy    cows    in    pasture.      Hi^'h-produciug    cows    are 
essential  for  a  profitable  dairy  enterprise 


An  example  of  a  fairly  3atisfactory  organization  of  a  farm  in 
southern  Georgia  retailing  whole  milk  was  as  follows : 

Acreage :  Acres 

Operated _• 145 

Permanent  lowland  pasture 20 

Woods  pasture 20 

Cotton 6 

Corn   (and  velvet  beans) 60 

Com  for  silage 15 

Sorghum  for  silage 5 

Oats  for  hay 12 

Soy-bean  hay    (after  sorghum) 5 

Livestock :  Number 

Work  animals 4 

Dairy  cows 18 

Heifers 5 

Brood  sows 2 

Hens 60 

Labor :  Operator,  12  months ;  hired  labor,  10  months. 

Production  per  cow,  pounds  milk 5,057 

Value  purchased  concentrates $580 

Value  home-grown  roughage $500 
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Dairymen  who  do  not  have  to  retail  their  milk  are  much  more 
advantageously  situated  for  producing  an  adequate  supply  of  feed 
crops  and  frequently  can  have  one  or  two  money  crops.  The  organi- 
zation of  a  farm  near  Charleston,  S.  C,  where  dairying  was  combined 
with  the  production  of  truck  crops  was  as  follows : 

Acreage :  Acres 

Operated 242 

Permanent  lowland  pasture 59 

Corn  for  silage 20 

Soy-bean  hay 20 

Truck  crops 20 

Livestock :  Number 

Work  animals 4 

Dairy  cows 40 

Heifers 15 

Bull 1 

Labor:  Operator,  12  months;  hired  labor,  24  months;  family  labor,  4 
months : 

Production  per  cow.  pounds  milk 7, 100 

Value  purchased  concentrates $3,  207 

Value  home-grown  roughage $1,300 

The  organization  of  a  farm  in  the  Brookhaven  area,  Miss.,  whole- 
saling milk  for  the  New  Orleans  market  is  given  as  illustrating  a 
fairly  satisfactory  organization  for  that  section. 

Acreage :  Acres 

Operated 165 

Permanent  lowland  pasture 30 

Woods  pasture 30 

Cotton 20 

Corn  and  velvet  beans 15 

Lespedeza  hay 10 

Livestock :  Number 

Work  animals 2 

Dairy  cows 18 

Heifers 7 

Bull 1 

Brood  sow 1 

Hens 50 

Labor:  Operator,  12  months;  hired  labor,  1  month;  family  labor,  10 
months : 

Production  per  cow,  pounds  milk 5,  940 

Value  purchased  concentrates $1. 140 

Value  home-grown  roughage $120 

Value  purchased  roughage $19 

The  foregoing  examples  and  discussions  are  satisfactory  organiza- 
tions for  farms  that  produce  whole  milk  in  all  of  the  coastal  plain 
except  the  Black  Prairie  Belt,  which  is  discussed  later.  The  place 
of  livestock  enterprises  in  the  farm  organizations  of  different  sections 
of  the  coastal  plain  and  good  organizations  for  the  principal  sections 
is  next  considered. 

FARM  ORGANIZATION  IN  THE  COASTAL  FLATWOODS  OF  SOUTH 
CAROLINA,  GEORGIA,  AND  FLORIDA 

The  coastal  flatwoods  section  of  South  Carolina  and  Georgia  con- 
tains at  present  a  very  small  percentage  of  crop  land  and  a  large 
percentage  of  woodland.  (Figs.  4  and  18.)  For  this  section  as  a 
whole,  the  opportunities  for  the  inclusion  of  livestock  in  the  farming 
system  to  any  considerable  extent  are  very  limited.  Dairying  is 
limited  mainly  to  supplying  fluid  milk  to  Charleston,  Savannah,  and 
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a  few  smaller  cities.  There  is  some  room  for  expanding  the  pro- 
duction of  fluid  milk  to  supply  these  cities,  and  a  fairly  satisfactory 
organization  for  a  dairy  farm  in  this  section  is  given  on  page  73. 
Sour-cream  production  does  not  appear  to  have  much  of  a  place 
because  the  farms  are  not  numerous  and  usually  not  near  enough 
to  a  creamery  to  ship  cream  economically.  (Fig.  9.)  The  raising 
of  beef  cattle  can  be  carried  on  under  range  conditions  or  under 
fenced  tracts.  Data  on  beef  production  in  the  flatwoods  section  in 
Georgia  are  given  in  Table  38.  Range  production  of  beef  cattle  in 
the  piney  woods  section  in  South  Carolina,  Georgia,  Alabama,  and 
Mississippi  is  discussed  later.  Improved  lowland  pastures  are  the 
greatest  need  of  this  section.  There  is  usually  enough  land  suitable 
for  crop  production  to  grow  winter  feed  for  fattening  some  beef 
cattle  as  well  as  for  growing  cash  crops.  Hog  production,  except 
under  range  conditions,  has  no  economic  importance  because  of  the 
lack  of  finishing  feeds. 
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Figure  18.— Land  Area,  Farm  Land,  and  Crop  Land  in  Sections  of  the 
Coastal  Plain,  1925 

The  tremendou&  amount  of  the  land  area  not  in  farms  and  the  small  pToportion  of 
farm  land  in  crops  in  some  of  these  sections  is  shown  in  this  chart.  (The  Miami 
limestone  section  is  included  in  the  Florida  flatwoods  and  ETerglades.) 


Most  of  Florida,  with  the  exception  of  a  few  counties  along  the 
northern  border  of  the  State  that  belong  to  the  peanut  section,  is 
decidedly  limited  so  far  as  livestock-production  possibilities  are  con- 
cerned. Dairying  is  capable  of  some  expansion  in  a  few  favorable 
localities  but  will  be  limited  mainly  to  the  production  of  fluid  milk 
for  the  permanent  population.  Much  of  the  dairying  will  continue 
to  be  largely  on  a  high-cost  basis ;  that  is,  the  conversion  of  shipped-in 
feeds  into  milk.  Little  real  progress  can  be  made  with  beef  cattle 
until  the  cattle  tick  is  eradicated.  Florida  has  a  "  no-fence  "  law 
that  is  gradually  going  into  effect,  but  livestock  are  not  fenced  in  all 
parts  of  the  State.  Probably  poultry  has  more  possibilities  than  any 
of  the  livestock  enterprises,  both  because  it  can  be  conducted  profit- 
ably on  a  shipped-in  feed  basis  and  because  it  combines  readily  with 
truck  and  citrus  production,  two  important  lines  in  this  State. 
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FARM  ORGANIZATION  IN  THE  MIDDLE  COASTAL  PLAIN  OF  SOUTH 
CAROLINA  AND  THE  EASTERN  HALF  OF  THE  MIDDLE  COASTAL 
PLAIN  IN  GEORGIA 

Throu<i:hout  the  middle  coastal  plain  in  South  Carolina  and  the 
eastern  half  of  the  middle  coastal  plain  in  Georgia  conditions  were 
similar.  The  principal  crops  were  cotton  and  corn,  with  a  large  part 
of  the  land  area  in  cultivation  and  a  small  part  of  the  area  m  low- 
lands capable  of  being  developed  into  good  pastures.  This  section 
differed  from  the  western  half  of  the  middle  coastal  plain  of  Georgia 
in  not  being  so  well  adapted  to  growing  peanuts  and  in  not  having 
quite  as  wide  a  choice  of  other  crops  that  can  be  grown.  Hogs,  poul- 
try, and  dairy  cows  for  the  production  of  sour  cream  are  livestock  en- 
terprises that  can  be  combined  with  cotton,  com,  and  other  crops  in 
this  district  under  certain  conditions. 

Cotton  will  probably  always  be  an  important  enterprise  in  this 
section,  even  with  low  prices.  There  are  many  parts  of  this  section 
where  machine  methods  in  growing  cotton  can  be  used  nearly  as  well 
as  in  the  Mississippi  Delta  or  in  the  level  parts  of  Texas,  but  most 
authorities  agree  that  on  many  of  the  farms  a  smaller  acreage  of 
cotton,  given  better  attention,  would  be  more  profitable.  The  remain- 
ing acreage  might  well  be  used  for  growing  feed  crops  for  hogs  or 
dairy  cows,  with  possibly  one  or  two  other  cash  crops. 

The  production  of  hogs  is  handicapped  by  the  lack  of  peanuts  for 
finishing.  Other  feeds  such  as  soy  beans,  velvet  beans,  and  corn  will 
have  to  be  depended  upon  for  finishing.  Most  of  the  hogs  here  pro- 
duced are  sold  to  local  butchers  at  relatively  light  weights.  An  abun- 
dance of  feeds  is  raised  to  produce  hogs  up  to  130  to  140  pounds, 
but  more  attention  should  be  given  to  producing  feeds  for  finishing 
these  hogs.  Cooperative  auction  sales  will  be  useful  when  enough 
hogs  are  produced  to  justify  them. 

The  present  demand  does  not  justify  any  considerable  expansion 
in  fluid-milk  production,  but  there  is  need  of  better  production 
methods.  One  of  the  best-organized  dairy  farms  had  a  herd  of  23 
cows  in  1925.  On  this  farm  were  grown  iO  acres  of  corn  for  silage, 
50  acres  of  corn  and  velvet  beans,  20  acres  of  oats,  and  30  acres  of 
soy  beans.  Sixty  per  cent  of  all  the  feed  consumed  by  the  dairy  herd 
was  raised,  and  during  the  year  the  herd  consumed  400  bushels  of 
corn,  300  bushels  of  oats,  60  'tons  of  silage,  20  tons  of  soy-bean  hay, 
27  tons  of  prepared  dairy  feed,  and  27  tons  of  cottonseed  meal.  The 
cottonseed  meal  was  received  in  exchange  for  cottonseed  produced  on 
the  farm. 

No  attempt  should  be  made  to  keep  dairy  cows  for  the  production 
of  sour  cream  unless  there  is  a  sufficient  acreage  of  good  lowland 
pasture.  The  place  of  this  enterprise  in  the  farm  organization  is 
principally  to  utilize  feed  that  could  not  otherwise  be  profitably 
disposed  of  and  to  utilize  family  labor  morning  and  evenings  that 
would  otherwise  bring  in  no  return.  Consequently,  it  is  of  minor 
importance  as  far  as  the  farm  as  a  whole  is  concerned  although  the 
total  income  from  the  sour  cream  may  amount  to  a  considerable 
sum  in  the  course  of  a  year.  Lowland  pasture  in  the  summer  and 
velvet  beans  and  corn  in  the  winter  can  make  up  the  bulk  of  the  feed 
for  these  cows,  although  some  additional  roughage  may  be  desirable. 
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A  description  of  the  place  of  hogs  in  the  farm,  organization  in 
different  sections  of  the  area  and  methods  of  production  used  should 
be  informative.  A  summary  of  this  data  is  shown  in  Table  28.  In 
South  Carolina,  11  of  the  1^  farms  where  hog  production  was 
studied  grew  an  average  of  82  acres  of  cotton  to  the  farm,  and  a 
large  acreage  of  corn  was  grown.  A  few  dairy  cows  were  kept. 
About  7  brood  sows  were  kept,  and  60  to  70  hogs  were  sold  or 
slaughtered  annually.  The  hog  enterprise  on  these  farms  was  only 
slightly  less  important  than  cotton.  The  other  crops  were  mainly 
feed  crops  for  the  work  stock  and  hogs.  Peanuts  were  not  grown  on 
these  farms  as  in  southwestern  Georgia  and  southeastern  Alabama. 
The  weight  of  the  hogs  when  sold  was  considerably  lower  than  the 
weight  of  hogs  sold  in  the  peanut  sections. 


Figure  19. — Field  coru,  peanuts,  and  velvet  beans,  Alabama.  Corn  and  peanuts  in 
alternate  rows  and  velvet  beans  planted  in  the  corn  rows  make  a  good  combina- 
tion of  fattening  crops  for  hogs.  The  corn  is  usually  harvested  and  the  peanuts 
and  velvet  beans  are  grazed  off 

A  relatively  large  acreage  of  corn  was  grown  on  these  farms,  and 
although  on  nearly  every  farm  some  corn  was  fed  to  hogs  the 
quantity  thus  used  was  small,  averaging  only  2  bushels  per  100 
pounds  of  pork  produced,  or  196  bushels  per  farm.  Very  little  corn 
was  hogged  off.  Most  of  the  other  concentrates  fed  were  shorts. 
About  71  per  cent  of  the  growth  of  these  hogs  was  put  on  with 
forage  crops.  It  must  be  remembered,  however,  that  these  hogs 
were  sold  or  butchered  at  a  relatively  light  weight. 

Soy  beans  and  velvet  beans  planted  in  corn  were  hogged  off  (after 
the  corn  had  been  picked)  in  the  fall  and  winter.  Permanent  pas- 
ture supplied  most  of  the  grazing  during  the  spring  and  summer. 
This  also  was  the  time  when  most  of  the  corn  and  other  concentrates 
were  fed.  As  no  large  packing  plants  are  near,  these  farmers  sell 
most  of  their  hogs  to  local  butchers  or  slaughter  and  cure  a  large 
part  of  the  hogs  themselves  for  local  consumption  and  for  sale  to 
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cropper  families  on  their  farms.  Although  their  hogs  are  not  made 
as  heavy  avS  those  in  the  peanut  areas  and  this  part  of  the  coastal 
plain  does  not  have  the  advantage  of  being  able  to  use  peanuts  for 
nog  production,  it  seems  clear  that  hog  production  whether  on  a 
home-production  or  a  limited  commercial  scale  is  a  profitable  enter- 
prise. 

Tliere  is  room  for  more  poultry  on  farms  in  this  section  than  is 
now  carried.  Poultry  utilizes  family  labor  to  advantage  and  adds 
considerably  to  the  income  if  handled  properly.  Poultry  has  a 
place  on  nearly  every  farm  in  this  section  and  has  a  wider  adapta- 
tion than  either  hogs  or  dairy  cattle. 

Sheep  and  beef  cattle  have  little  place  in  the  agriculture  of  this 
section.  A  herd  of  beef  cattle  can  be  kept  if  plenty  of  pasture  is 
available,  if  it  does  not  seem  advisable  to  keep  dairy  cows.  There 
are  possibilities  in  bringing  in  feeder  cattle  from  sections  where 
they  are  produced,  and  fattening  them  on  velvet-bean  fields  during 
the  winter.  (Fig.  19.)  Little  of  this  is  done  now,  but  it  would  be 
a  desirable  enterprise  to  have  on  these  farms  as  it  would  furnish  work 
during  the  winter,  use  cornstalks  and  velvet  beans  that  are  easily 
grown,  and  add  fertility  to  the  soil  (7). 

The  organization  of  an  actual  farm  in  this  section  is  here  given 
to  show  in  a  general  way  the  combination  of  crop  and  livestock 
enterprises  that  has  proved  successful  in  this  case.  This  may  not  be 
the  best  organization  for  the  section,  but  it  represents  a  step  in  the 
right  direction. 

Acreage :  Acres 

Operated 240 

Permanent  pasture 11 

Woods  pasture 10 

Woods  and  waste  land  (not  pastured) 30 

Cotton 80 

Com 52 

Oats 25 

Cowpeas . 6 

Soy-bean   hay 3 

Rye 10 

Sweet  potatoes 7 

Truck  and  miscellaneous  crops 11 

Livestock :  Number 

Work  animals 5 

Dairy  cows 8 

Heifei-s 3 

Brood  sows 11 

Boar , ,_  1 

Hens 75 

Labor:  Operator,   12  months;   hired   labor,   26  months;   family  labor,   12 
months ;  five  croppers. 

About  two-thirds  of  the  95  hogs  sold  weighed  150  pounds  each,  and 
one-third  were  sold  as  pigs.  The  pork  was  produced  at  rather  low 
cost.  The  weakness  in  the  hog  business  was  the  lack  of  more  finishing 
feeds  to  carry  these  hogs  to  a  heavier  weight.  The  dairy  enterprise 
was  small.  The  average  yield  of  cotton  was  nearly  270  pounds  of  lint 
in  1925,  the  year  of  this  study.  The  gross  income  from  the  hog  enter- 
prise was  about  $1,700  in  1925.  Livestock  do  not  seem  to  have  inter- 
fered seriously  with  cotton  production  on  this  farm.  Instead,  they 
have  supplemented  it  with  additional  cash  income,  as  well  as  prod- 
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nets  for  family  use.  This  farm  illustrates  in  a  general  way  how 
livestock  can  fit  into  a  farm  organization  in  which  cotton  is  still  the 
predominant  enterprise.  In  some  parts  other  crops,  such  as  tobacco 
and  triick,  are  important,  and  a  somewhat  different  combination  of 
enterprises  might  be  desirable. 

A  few  records  on  the  cattle  enterprise  were  secured  for  the  year 
1925  in  the  middle  coastal  plain  of  Georgia,  where  a  few  beef  cows 
were  kept  on  the  farms.  (Table  38.)  These  are  large  farms  with 
a  large  crop  acreage  and  a  large  acreage  of  woods  and  pasture.  Not 
much  of  this  can  be  considered  as  improved,  however.  Most  of  the 
grazing  was  done  on  permanent  pasture,  in  woods,  and  in  corn  and 
velvet-bean  or  pea  fields.  Cottonseed  meal  was  the  chief  concen- 
trate used.  Some  hay  was  fed.  The  low  returns  may  be  ascribed 
to  pastures  of  inferior  quality,  to  low-grade  cattle,  and  to  low  prices 
for  cattle.  Most  of  the  cattle  sold  went  to  local  butchers.  After 
all,  it  is  a  question  of  getting  some  return  for  pasture  lands,  stalk 
fields,  etc.,  that  might  otherwise  give  no  return.  On  this  basis  these 
small  herds  did  not  do  so  badly,  but  there  is  great  room  for  improve- 
ment in  the  matter  of  better  pastures  and  cattle.  The  size  of  these 
herds  was  so  small  that  the  sales  had  to  be  made  locally. 

Table  38. — Farm  data  on  teef  production  in  Georgia 


Item 

Middle 
coastal 
plain 

Flat- 
woods 
sections 

Farms 

number.. 

6 

1,198 

262 

24 
10 
13 
6 
2 

180 
139 
332 

8 

Acreage  operated 

do 

18, 086 

Acreage  iu  crops 

do.... 

146.5 

Cattle: 
Cows 

do 

190 

Heifers _ .._ 

.do.... 

95 

Calves 

..      do 

109 

Steers 

do 

97 

Bulls 

do.... 

7 

Cost  and  income  per  farm: 
Concentrates 

dollars 

Roughage 

....do.... 

81 

Pasture 

do. 

973 

.  do.... 

Total  feed  cost 

651 
67 
90 
11 

1,054 

Labor 

do 

330 

Equipment.. 

do.... 

149 

Miscellaneous 

do.... 

64 

do.... 

Total  cost . 

819 
177 

1,597 

Purchase  of  cattle 

..do  . 

47 

do.... 

Total  expense 

996 

1,644 

::::;::::::::::];:::::::::do:::: 

do.... 

Sales  of  cattle  or  products 

Increase  in  inventory 

738 
117 

1,821 
219 

Total  income 

855 

2,040 

do 

Net  income  or  loss 

141 
922 

396 

Investment  in  cattle 

rln 

6,359 

This  is  the  logical  section  to  fatten  the  cattle  from  the  grazing 
sections.  It  should  do  for  southern  cattle  what  the  Corn  Belt  does 
for  the  western-range  cattle,  that  is,  put  a  few  hundred  pounds  of 
fat  on  them  so  that  they  furnish  desirable  cuts  of  meat.  A  better 
quality  of  cattle  is  needed  for  this  purpose,  but  the  enterprise  should 
prove  profitable  even  with  the  ordinary  piney  woods  cattle.     There 
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is  a  great  opportunity  for  a  few  enterprising  individuals  to  set  an 
example  in  this  work.  Much  information  on  methods  of  feeding 
and  handling  cattle  is  available  upon  application  to  the  experiment 
stations.  A  cattle-feeding  enterprise  would  prove  of  great  value  not 
onl}^  to  those  sections  to  which  it  is  especially  adapted  but  to  those 
sections  that  are  capable  of  producing  feeder  cattle. 

The  equipment  required  for  beef  cattle  in  the  South  need  not  be 
expensive.  Sheds  are  satisfactory  for  shelter.  A  silo  may  be  a  good 
investment  if  there  are  a  large  number  of  cattle  and  if  cheap 
pasture  is  not  available  the  year  round. 

Conditions  relative  to  beef-cattle  production  in  this  section  are 
also  similar  in  the  western  part  of  the  middle  coastal  plain  in 
Georgia  and  in  the  eastern  part  of  the  lower  coastal  plain  in 
Alabama. 

FARM  ORGANIZATION  IN  THE  PEANUT  SECTIONS  OF  ALABAMA, 
GEORGIA,  AND  FLORIDA 

This  section  comprises  the  western  half  of  the  middle  coastal 
plain  of  Georgia,  the  eastern  half  of  the  lower  coastal  plain  of 
Alabama,  and  a  few  counties  along  the  northern  border  of  Florida 
adjoining  the  mentioned  sections  in  Georgia  and  Alabama  (fig.  17) 
and  is  here  considered  as  a  unit,  because  of  the  importance  of  the 
peanut  in  its  agriculture  and  in  relation  to  livestock  production, 
particularly  hogs.  The  authors  know  no  reason  why  the  peanut 
should  be  any  better  adapted  to  this  section  than  to  other  parts  of  the 
coastal  plain,  but  it  is  simply  taken  as  a  fact.  This  section  and  the 
one  just  discussed  comprise  the  most  productive  areas  in  the  coastal 
plain  of  the  five  Southeastern  States  as  far  as  cotton,  corn,  tobacco, 
and  a  variety  of  truck  and  fruit  crops  are  concerned.  There  is  a  wide 
variety  of  both  cash  crops  and  feed  crops  to  choose  from,  in  making 
up  a  farm  organization ;  therefore,  many  combinations  of  enterprises, 
depending  upon  local  conditions,  are  adaptable  to  this  section.  No 
attempt  will  be  made  here  to  do  more  than  bring  out  the  general 
features.  A  few  recommended  systems  of  farming  for  this  section 
are  found  in  Bulletin  273,  Georgia  State  College  of  Agriculture. 

The  red  and  gray  lands  in  the  northern  part  (described  on  p.  70) 
differ  from  the  remainder  of  the  section  in  having  a  somewhat 
heavier  soil  with  greater  productivity  as  far  as  cotton  is  concerned, 
and  the  improved  permanent  pastures  have  a  greater  carrying 
capacity.  These  differences  would  make  desirable  farm  organiza- 
tions in  this  part  of  the  section  slightly  different  from  those  in  the 
lighter  soil  areas,  but  the  entire  peanut  section  will  be  considered 
here  as  a  unit. 

The  production  of  sour  cream,  beef,  and  poultrj  occupies  about 
the  same  place  in  the  agriculture  of  this  section  as  it  does  in  the  one 
previously  discussed.  Data  from  several  farms  in  this  section  that 
sold  sour  cream  are  given  in  Table  13.  Cotton  was  the  principal 
enterprise  on  these  farms  and  dairying  was  merely  a  side  line.  Pro- 
duction per  cow  was  low,  but  the  return  per  farm  from  the  few  cows 
averaged  from  $695  to  $885.  This  is  not  an  insignificant  sum  to  be 
coming  in  regularly  to  help  pav  the  farm  and  family  expenses.  In 
addition,  about  $200  worth  oi  dairy  products  was  furnished  the 
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family  of  the  operator,  and  about  $50  to  $75  worth  was  furnished 
the  farm  hands.  Most  of  the  work  on  the  dairy  enterprise  was  done 
by  family  labor.    Most  of  the  feed  was  raised  at  home. 

Hog  production  occupies  a  much  more  important  place  in  the  farm 
organization  here  than  in  any  other  part  of  the  coastal  plain  and  can 
be  considered  as  one  of  the  major  enterprises  of  the  farm  in  this  sec- 
tion 1^0).  Pork  production  is  largely  based  upon  peanuts,  although 
many  different  methods  of  production  are  used.  In  some  localities 
large  acreages  of  market  peanuts  are  grown,  and  hogs  are  used  to 
clean  up  any  peanuts  left  in  the  field.  When  the  price  relation  of 
hogs  to  peanuts  is  favorable,  part  of  the  acreage  may  be  harvested 
with  hogs  if  they  are  available.  On  the  other  farms  peanuts  are 
grown  only  to  be  harvested  by  hogs.  The  peanuts  may  be  planted 
alone,  with  corn,  or  with  corn  and  velvet  beans.  (Fig.  19.)  Runner 
peanuts,  the  finishing  feed  for  hogs,  are  available  only  in  the  fall  and 
winter,  and  the  pigs  have  to  be  carried  from  spring  to  fall  on  other 
feeds. 

A  variety  of  crops  is  available  for  grazing  from  July  on,  but  pre- 
vious to  this  time  the  grazing  crops  are  limited  and  considerable 
quantities  of  concentrates  are  usually  fed.  The  maximum  use  of  a 
grazing  crop  is  desirable  because  of  the  saving  of  labor  which  is 
becoming  increasingly  important  in  this  ai;id  other  sections  of  the 
coastal  plain.  With  the  diminishing  supply  of  negro  labor  and  the 
competition  of  low-cost  cotton  from  the  western  part  of  the  Cotton 
Belt,  the  use  of  more  and  larger  machines  is  inevitable  in  this  section. 
Hog  production  on  a  grazing  basis  will  fit  in  well  with  this  program. 
Fenced  fields  and  a  supply  of  water  in  these  fields  are  necessary 
requirements  of  hog  production  on  a  large  scale.  The  more  usual 
practice  now  is  to  keep  the  pigs  in  a  small,  fenced,  permanent  pasture 
during  the  summer  and  to  turn  them  out  over  the  entire  farm  after 
the  crops  are  harvested. 

In  the  production  of  pork  a  small  quantity  of  corn  and  other 
harvested  concentrates  were  used.  Permanent  pasture  supplied  most 
of  the  feed  during  the  spring  and  early  summer.  A  few  farmers 
planted  oats  or  rye  for  late  winter  and  spring  grazing.  The  hogs 
were  fattened  largely  on  peanuts  (Fig.  20)  and  velvet  beans  inter- 
planted  in  corn.  The  corn  was  harvested  by  hand,  and  the  peanuts 
were  hogged  off.  (Table  28.)  By  this  method  nearly  as  much  corn 
is  produced  per  acre  as  where  corn  is  planted  solid ;  thus  the  feed  for 
hogs  is  produced  with  little  expense  other  than  the  cost  of  seed. 
Very  little  corn  was  hogged  off.  Peanuts  are  a  commercial  crop  in 
this  section  and  it  is  common  to  turn  the  hogs  on  fields  that  have 
been  harvested  to  clean  up  the  peanuts  that  are  left.  This  is  evident 
from  the  fact  that  an  average  of  33  acres  of  peanuts  were  planted 
solid  on  these  farms,  which  is  enough  alone  to  feed  many  more 
hogs  than  were  fed  without  the  use  of  the  interplanted  peanuts  and 
velvet  beans.  About  77  per  cent  of  the  feed  for  hogs  on  those  farms 
not  including  any  corn  hogged  off,  was  harvested  by  the  hogs  them- 
selves. Shorts  constituted  most  of  the  concentrates  fed  by  hand 
other  than  corn.     Little  tankage  was  used. 

The  southwestern  Georgia  farms  were  smaller  than  the  Carolina 
hog  farms  as  far  as  crop  production  is  concerned,  having  only  40 
acres  in  cotton  to  the  farm.    A  more  diversified  list  of  crops  was 
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^rown  with  less  concentration  on  cotton  as  the  important  crop.  More 
pork  was  produced  per  farm  from  about  the  same  number  of  hogs 
by  carrying  them  to  greater  weights.  More  cattle  were  found  on 
farms  smce  more  pasture  was  available. 

This  is  ordinarily  considered  a  peanut  section  but  taking  all  of  the 
37  farms  studied,  scattered  over  several  counties  in  this  part  of  the 
State,  more  corn  per  farm  (including  that  hogged  olf)  was  fed  to 
hogs  than  in  any  other  area  and  a  greater  quantity  of  total  concen- 
trates was  used  in  relation  to  the  quantity  normally  required  to 
produce  a  hog  of  similar  size  when  fed  in  the  dry  lot  largely  on 
concentrates.  Only  56  per  cent  of  the  feed  used  was  forage  (not 
including  corn  hogged  down  as  a  forage).    Twenty-four  per  cent  of 


FiGURB  20. — Hogs  grazing  in  peanut  field.     Runner  peanuts  are  the  principal  fat- 
tening crop  for  hogs  In  parts  of  the  coastal  plain 

the  farms  hogged  off  some  corn,  the  quantity  being  about  one-third 
of  the  total  quantity  of  corn  fed.  The  other  principal  concentrates 
were  shorts  and  tankage.  Permanent  and  woods  pasture  with  some 
oats  and  rye  during  the  winter  furnished  the  bulk  of  the  grazing 
until  corn,  peanuts,  sweet  potatoes,  and  velvet  beans  could  be  utilized. 
Although  peanuts  were  used  to  a  considerable  extent  in  hog  produc- 
tion in  this  section,  they  were  not  used  as  extensively  as  in  south- 
eastern Alabama.  Nearly  one-half  of  these  farmers  used  tankage 
as  a  supplement  to  corn. 

On  the  farms  studied  in  southeastern  Alabama,  cotton  is  a  more 
important  crop  on  the  whole  than  on  the  hog  farms  studied  in  south- 
western Georgia.  Other  crops  were  grown  mainly  for  feed  pur- 
poses. The  rather  larger  acreages  of  corn,  peanuts,  and  velvet  beans, 
and  peanuts  planted  solid  were  the  outstanding  examples  of  these 
feed  crops.  Not  quite  as  many  hogs  were  raised  per  farm,  and  the 
enterprise  here  was  secondary  to  cotton  and  market  peanuts.  A  few 
more  cows  were  kept  than  were  necessary  to  supply  family  needs. 

44922*'— 29 6 
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The  general  introduction  of  beef  cattle  into  this  part  of  the  coastal 
plain  is  not  advisable,  but  there  is  a  place  for  them  under  certain 
conditions.  Throughout  this  territory  there  are  numerous  streams 
and  rivers  with  low,  moist  land  adjoining.  In  a  large  percentage  of 
cases  this  land  is  returning  little  or  no  income  to  the  owner.  That 
such  lands  can  be  converted  into  good  pastures  with  little  trouble 
has  been  proven  in  many  instances.  With  a  considerable  acreage  of 
improved  pasture  of  this  kind,  a  herd  of  beef  cattle  is  a  practical  side 
line  to  crop  production.  The  comparatively  small  quantity  of  win- 
ter feed  required  can  be  easily  provided.  Usually  cornstalks  and 
velvet  beans  will  be  ample.  It  should  be  possible  to  fatten  on  the 
same  farm  most  of  the  calves  or  yearlings  raised.  The  possibilities 
of  utilizing  fields  of  velvet  beans  and  cornstalks,  com  or  sorghum 
silage,  cottonseed  meal,  or  velvet  beans,  and  a  number  of  other  feeds 
for  fattening  cattle  has  scarcely  been  touched.  The  first  require- 
ment is  a  sufficient  acreage  of  improved  lowland  pasture. 

The  buying  of  feeder  cattle  and  fattening  them  on  the  numerous 
varieties  of  feeds  available  in  this  part  of  the  coastal  plain  has  been 
carried  on  to  a  very  limited  extent.  The  lack  of  reliable  supply  of 
good  cattle  has  been  a  drawback.  The  enterprise  requires  a  con- 
siderable amount  of  cash  or  credit  and  is  generally  thought  to  be 
somewhat  speculative.  A  considerable  knowledge  of  cattle  values 
and  market  conditions  is  desirable. 

For  many  farms  that  do  not  have  enough  land  that  can  be  readily 
converted  into  good  pastures  to  carry  a  breeding  herd,  an  enterprise 
that  deserves  the  attention  of  the  farmer  is  the  buying  of  feeder  cattle 
from  the  Black  Prairie  Belt  of  Alabama  and  from  the  piney  woods 
sections  of  the  coastal  plain,  to  fatten  and  sell  as  fat  cattle.  The 
required  feed  crops  are  grown,  or  can  be  grown,  in  abundance.  Vel- 
vet beans  and  cornstalk  fields  are  a  source  of  excellent  feed  with  very 
little  labor  (7).  The  cattle  increase  the  fertility  of  the  soil  without 
damaging  it  by  tramping. 

The  organizations  of  two  farms  in  this  section  for  the  year  1925, 
one  in  Georgia  and  one  in  Alabama,  are  here  given  as  illustrations  of 
farms  that  have  important  hog  enterprises  in  addition  to  a  reasonable 
degree  of  diversification  of  both  cash  and  feed  crops. 

A  SOUTHWEST   GEORGIA  FARM 

Acreage :  Acres 

Operated 277 

Permanent  lowland  pasture 20 

Woods  pasture 84 

Waste  land 13 

Cotton 22 

Com  for  grain 48 

Corn  hogged  off 27 

Corn  and  peanuts  after  oats 20 

Oats 20 

Peanuts  solid;  hogged  off 20 

Cowpea  hay 10 

Tobacco 2 

Sugar-cane 2 

Sweet  potatoes 2 

Watermelons 5 

Miscellaneous  crops 2 
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Livestock :  Number 

Work  animals 4 

Dairy  cows 6 

Brood  sows 15 

Boar .. 1 

Hens 60 

Ljibor: 

Operator,  12  months ;  hired  labor,  20  months. 

This  farm  produced  over  400  pounds  of  lint  cotton  and  40  bushels 
of  corn  to  the  acre  in  1925  as  compared  with  125  pounds  of  cotton  and 
10  bushels  of  corn  in  1915  when  the  present  operator  took  over  the 
place.  Poultry  products  amounting  to  $100  and  sour  cream  to  the 
amount  of  $500  were  sold  in  addition  to  what  was  consumed  by  the 
family.  Twenty-five  thousand  pounds  of  hogs  were  produced  at  a 
cost  of  less  than  6  cents  a  pound.  The  use  of  a  tractor  reduced  the 
number  of  work  animals  necessary  to  operate  the  farm.  This  farm 
is  not  presented  as  an  ideal  organization  but  as  an  example  of  what 
an  actual  farmer  is  accomplishing  in  the  way  of  improving  crop 
production  and  stabilizing  income  with  livestock. 

A  SOUTHEASTERN  ALABAMA   FARM 

Acreage :  Acres 

Operated 350 

Permanent  lowland  pasture 12 

Permanent  upland  pasture 18 

Cotton 150 

Corn,  solid 60 

Corn,  peanuts,  and  velvet  beans 40 

Peanuts  for  market 20 

Peanuts,  hogged  off 20 

Sugar-cane 2 

Potatoes ^ 10 

Sweet  potatoes 3 

Watermelons 10 

Miscellaneous  truck  cropsi 5 

Livestock :  Number 

Work  animals 8 

Dairy  cows 3 

Brood  sows 8 

Hens 30 

Labor: 

Operator,  12  months ;  hired  labor,  42  months ;  6  croppers. 

In  1925  this  farm  produced  110  bales  of  cotton  and  17,000  pounds 
of  pork.  It  received  a  considerable  cash  income  from  various  truck 
crops  and  raised  in  addition  an  abundance  of  feed.  Althouf^h  cotton 
is  the  main  enterprise,  the  drop  in  the  price  did  not  affect  this  farmer 
nearly  as  much  as  others  who  were  more  dependent  upon  cotton.  He 
produced  nearly  all  the  feed  needed  for  his  work  stock  and  other 
livestock,  he  raised  most  of  the  food  used  by  his  family,  he  had  sev- 
eral important  sources  of  income  with  less  risk  as  a  result,  and  as  he 
is  improving  the  fertility  of  this  farm  he  has  lower  fertilizer  bills. 

FARM  ORGANIZATION  IN  THE  LONG-LEAF  PINE  SECTION  OF 

MISSISSIPPI 

The  southern  part  of  the  long-leaf  pine  section  of  Mississippi  con- 
tains large  tracts  of  cut-over  land  witn  a  limited  amount  of  farming. 
At  the  time  of  this  study  considerable  numbers  of  cattle,  sheep,  and 
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hogs  were  being  run  on  the  free  range.  Mississippi  now  has  a 
"  no-fence  "  law  which  lends  a  different  aspect  to  grazing'  conditions. 
The  entire  section  is  south  of  the  tick  line,  so  there  is  little  chance  for 
any  marked  improvement  in  cattle  production  until  the  cattle-tick 
menace  is  removed.  Farms  are  generally  small  and  more  or  less 
diversified.  The  organization  of  one  of  the  better  farms  in  1925  was 
as  follows  {11) : 

Acreage :                                                                                                                    ^cres 
Operated 120 

Plow  land  in  pasture 25 

Unimproved  pasture 30 

Farmstead,  etc 10 

Cotton 22 

Corn   (with  soy  beans) 22 

Oats  for  hay— 5 

Lespedeza   hay 4 

Sugar  cane 1 

Sweet  potatoes 1 

Garden  and  truck  crops 2 

Livestock :  Number 

Work  animals 3 

Dairy    cows 4 

Brood   sows 2 

Hens 100 

Labor :  Operator,  12  months ;  family  labor,  20  months. 

Improvements  suggested  for  this  organization  are  the  growing  of 
a  few  acres  of  soy-bean  hay  in  place  of  part  of  the  corn  and  the 
seeding  of  part  of  the  cotton  land  to  oats  in  the  fall  for  a  cover  crop, 
a  part  of  which  can  be  cut  for  hay  if  desired. 

The  principal  livestock  on  farms  in  this  section  are  hogs  raised 
mostly  for  home  consumption.  Lightweight  hogs  can  be  produced 
cheaply  on  grazing  crops  to  supply  the  family  needs,  and  the  sur- 
plus can  be  used  to  supply  the  local  fresh-meat  demand  or  for 
feeders.  Dairying  or  beef  production  on  a  larger  scale  than  for  home 
consumption  is  hazardous  because  of  the  prevalence  of  the  cattle 
tick. 

Farm  flocks  of  poultry  are  desirable  additions  to  the  farm  business. 
In  general,  livestock  production  in  this  section  should  adequately 
meet  the  home  needs  and  leave  some  surplus  for  sale. 

BEEF-CATTLE  PRODUCTION  IN  PINEY  WOODS  SECTIONS 

Similarity  of  conditions  in  the  piney  woods  sections  of  the  flat- 
woods  of  South  Carolina  and  Georgia  and  the  lower  coastal  plain  of 
Alabama  and  Mississippi  make  it  advisable  to  consider  these  sections 
as  one,  in  discussing  beef -cattle  production. 

Beef-cattle  production  in  the  piney  woods  sections  is  connected 
largely  with  lumbering,  turpentining,  reforestation,  and  large  hold- 
ings of  land.  Where  the  menace  of  the  cattle  tick  has  been  removed 
it  would  seem  that  the  best  utilization  that  can  be  made  of  large  areas 
of  this  part  of  the  South  is  a  combination  of  growing  timber  and 
producing  beef  cattle.  There  is  little  possibility  of  a  development 
of  small  farms  in  any  large  part  of  this  section  in  the  near  future 
since  food  requirements  of  the  country  are  being  met  by  land  already 
in  cultivation.    To  allow  the  timber  to  grow  is  a  much  better  use 
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of  this  land,  as  well  as  of  that  in  many  other  sections,  not  only  in 
the  South  but  in  other  parts  of  the  country.     In  the  meantime  a 
certain  amount  of  income  may  be  derived  from  beef  production. 
The  following  are  the  requirements  for  a  program  of  this  kind: 

(1)  A  judicious  system  of  taxation  that  will  allow  such  a  plan  to 
be  followed  by  deferring  most  of  the  taxes  until  the  timber  is  mature. 

(2)  Prevention  of  fires  which  run  over  the  land  every  year,  killing 
many  of  the  pine  seedlings  and  desirable  pasture  plants  that  may 
have  taken  root  in  spots.  (3)  Fencing  large  tracts  to  keep  out  hogs 
which  root  up  the  young  seedlings.  Fences  are  also  necessary  to  im- 
prove the  quality  of  cattle,  as  it  is  usually  not  economical  to  run 
high-priced  bulls  on  the  open  range  with  the  scrub  bulls  of  others. 
(4)  Improvement  of  pastures,  through  keeping  out  fires,  proper 
stocking,  and  seeding  of  desirable  grasses  such  as  carpet  and  Dallis 
grasses  and  Lespedeza.  (See  discussion  of  pastures,  p.  9.)  (5) 
Improvement  of  the  native  cattle  by  the  use  oi  pure-bred  beef  bulls 
and  the  development  of  beef  herds  for  the  production  of  breeding 
stock,  where  conditions  warrant. 

These  requirements  can  not  be  carried  out  by  small  owners.  It 
is  a  problem  for  some  perpetual  institution  such  as  a  corporation 
or  the  State  to  undertake.  Some  of  the  more  progressive  lumber 
companies  are  working  in  this  direction.  Artificial  reforestation 
may  be  desirable  in  certain  instances.  Certainly  some  pasture  im- 
provement would  be  necessary  in  places.  A  program  of  this  kind 
should  make  this  land  pay  its  way,  while  growing  back  into  timber, 
through  the  sale  of  beef  calves  and  yearlings  to  other  sections  for 
further  grazing  or  fattening.  It  is  a  problem  that  is  well  worth  the 
attention  of  those  interested  in  the  better  utilization  of  natural 
resources. 

A  few  records  of  beef  herds  were  obtained  from  farmers  in  the 
flatwoods  area  of  Georgia.  (Table  38.)  Most  of  these  men  were 
operating  under  range  conditions  although  they  owned  large  acreages 
of  land.  Their  costs  were  not  high,  and  their  income  from  cattle, 
although  not  large,  added  some  to  the  total  income  that  the  operator 
received  in  his  year's  operations.  The  cattle  utilized  pasture  and 
feed  that  probably  would  not  otherwise  have  been  used.  The  prin- 
cipal recommendations  that  can  be  made  concerning  this  type  of 
production  are  to  fence  the  range  if  possible,  develop  and  improve 
the  pasture,  and  improve  the  herd  by  use  of  good  bulls.  If  feed  is 
raised  some  finishing  can  be  done  to  advantage. 

Beef -cattle  production  in  these  sections  is  discussed  in  more  detail 
in  United  States  Department  of  Agriculture  Bulletin  827  (6). 

FARM  ORGANIZATION  IN  THE  CLAY  HILLS  SECTION  IN 
MISSISSIPPI 

Livestock  occupies  about  the  same  place  in  farm  organizations  in 
the  clay-hills  section  (shortleaf  pine  district)  of  Mississippi  as  in 
the  long-leaf  pine  section,  with  possibly  a  more  important  place 
for  the  production  of  sour  cream  if  a  market  is  available.  The 
organization  data  for  22  farms  in  this  section  are  given  in  Table 
13.  Only  about  one-third  of  the  farm  acreage  was  in  crops,  cotton 
being  the  most  important  enterprise.  All  of  these  farms  were  keep- 
ing a  few  cows  aad  selling  sour  cream.    The  production  per  cow 
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was  low,  but  as  the  production  costs  were  also  low  the  return  per 
farm  was  sufficient  to  be  a  material  help  in  meeting  the  running 
expenses  of  the  farm. 

The  1926  organization  of  one  of  the  better  large  farms  in  this 
section  is  given  below: 

Acreage :  Acres 

Operated B85 

Permanent  pasture,  upland 131 

Woods   pasture 48 

Woods  not  pastured 64 

Waste  land  (includes  large  drainage  canal) 42 

Cotton 76 

Corn 43 

Lespedeza  hay     6 

Sorghum 2 

Sweet   potatoes 1 

Garden  and  truck  crops  for  home  use 3 

Livestock :  Number 

Work  animals 8 

Jacks — 1  mature,  1  colt 2 

Jennets — 1  mature,  1  colt • 2 

Dairy  cows 7 

Heifers 8 

Calves 6 

Bull 1 

Brood  sow 1 

Shoats 4 

Pigs 5 

Hens 54 

Turkeys ^ 5 

Labor :  Operator,  12  months ;  hired  labor,  17 1/^  months ;  6  croppers. 

This  is  larger  than  the  usual  farm  of  the  section  and  has  more 
dairy  cows.  A  map  of  the  farm  with  the  crops  grown  in  1925  is 
shown  in  Figure  21.  The  small  irregular-shaped  fields  and  the  wide 
variation  in  soil  types  make  crop  rotations  and  the  use  of  large  ma- 
chinery very  difficult.  Eventually  sections  such  as  these  will  be  un- 
able to  compete  with  areas  where  cotton  is  grown  by  machine  meth- 
ods, and  any  readjustments  of  organization  that  can  be  made  to  in- 
clude livestock  enterprises  will  be  beneficial.  Dairy,  poultry,  and 
hog  products  for  home  consumption  should  be  grown  first,  with  a 
surplus  for  sale  if  possible.  Improved  pastures  form  the  principal 
requirement  before  dairying  on  a  larger  scale  can  be  profitable. 

Records  taken  on  18  hog  farms  in  this  section  of  Mississippi  (Table 
28)  showed  much  smaller  crop  acreages,  with  cotton,  corn,  and  hay 
as  the  principal  crops.  Very  few  velvet  beans  or  soy  beans  were 
grown.  A  large  number  of  dairy  cattle  were  kept,  as  there  was  a 
large  acreage  of  pasture  per  farm.  In  contrast  to  the  farms  studied 
in  Georgia,  these  hogs  were  produced  almost  entirely  on  corn,  shorts, 
skim  milk,  and  permanent  pasture.  Probaby  less  than  half  of  the 
pork  produced  on  these  farms  can  be  attributed  to  pastures  and  for- 
age crops  even  though  the  hogs  were  marketed  at  very  light  weights. 
Probably  many  of  these  hogs  were  sold  to  other  farmers  for  "  meat " 
hogs.  The  relatively  small  number  of  hogs  on  these  Mississippi 
farms  form  an  important  enterprise,  probably  bringing  in  nearly  as 
much  money  as  cotton,  utilizing  skim  milk  and  pasture,  and  furnish- 
ing meat  for  the  family, 
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Cotton 
3.2  A 


FiGURBJ  21. — Layout  of  farm  in  shortlcaf  pine  soctlon  of  Mississippi.  The 
ilifficulty  of  economical  i)r(>ducti<>n  wliore  Adds  are  small  and  frrepular 
Is  evident.  Livestoclc  would  help  to  utilize  more  fully  the  resources  of 
this  farm.     (Supplied  by  Lewis  B.  Long,  Mississippi  Experiment  Station) 
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LIVESTOCK  PRODUCTION  IN  THE  BLACK  PRAIRIE  BELT  OF 
ALABAMA  AND  MISSISSIPPI 

Livestock  production  has  a  more  important  place  in  the  organiza- 
tion of  farms  in  the  Black  Prairie  Belt  than  in  any  other  part  of 
the  coastal  plain.  The  spread  of  the  boll  weevil  and  the  spread  of 
Bermuda  and  Johnson  grasses  have  rendered  the  production  of  cotton 
unprofitable  except  on  relatively  small  acreages  of  the  cleanest  land. 
This  leaves  a  large  proportion  of  the  acreage  for  pasture  (fig.  22), 
Johnson  grass,  and  other  hay  crops.  The  improved  pastures  have 
great  carrying  capacity.  The  livestock  enterprises  that  can  best 
utilize  the  pasture  are  dairy  cattle,  beef  cattle,  and  sheep.  A  com- 
bination of  one  or  more  of  these  livestock  enterprises  with  Johnson 
hay  for  a  cash  crop  should  form  the  main  sources  of  income,  with 
cotton  as  a  secondary  source. 


Figure  22. — Piney-woods  cattle  being  grass  fattened  on  pasture  in  the  Black 
Prairie  Belt.  This  pasture  is  composed  of  a  mixture  of  Bermuda  grass,  Dallis 
grass  or  paspalum,  white  clover,  black  medic,  and  Lespedeza  and  has  a  high, 
carrying  capacity  for  eight  to  nine  months  of  the  year 

Dairy  production  to  supply  the  local  population  can  never  be  very 
important,  but  the  establishment  of  creameries,  condenseries,  ice- 
cream plants,  and  cheese  factories  in  this  section  makes  dairying  one 
of  the  outstanding  enterprises.  The  type  of  dairying  to  follow  de- 
pends upon  the  location  to  a  large  extent.  Generally  speaking,  the 
sale  of  whole  milk  for  city  consumption  is  the  most  profitable,  the 
sale  of  milk  for  ice-cream  purposes  and  for  condensing  or  cheese 
making  next,  and  the  sale  of  sour  cream  for  butter  production  the 
least  profitable.  If  a  farmer  is  so  located  that  it  is  impracticable  to 
deliver  milk  that  is  sweet  and  cool,  the  sale  of  sour  cream  may  be 
advisable.  --^m^ 

Data  from  eight  farms  in  this  section  that  were  producing  fluid 
milk  are  given  in  Table  4.  As  a  rule  these  farms  were  large,  hav- 
ing an  average  of  288  acres  in  crops  and  nearly  400  acres  in  perma- 
nent pasture.     Cotton  and  Johnson  hay  were  the  chief  money  crops. 
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The  dairy  herds  averafjed  41  cows  each,  with  an  average  production 
of  4,492  pounds  of  milk  per  cow.  Production  costs  averaged  only 
$1.69  per  100  pounds  of  milk,  which  was  remarkably  low  as  compared 
with  costs  in  other  sections  of  the  coastal  plain.  The  utilization  of 
cheap  grazing  and  home-gi*own  roughage  was  largely  responsible  for 
these  low  production  costs. 

Commercial  production  of  sour  cream  was  being  developed  in 
this  section.  On  15  farms  studied,  the  herds  averaged  41  cows. 
(Table  13.)  The  farms  averaged  624  acres,  with  258  acres  in  crops 
and  269  acres  in  permanent  pasture.  Eighty  per  cent  of  the  farms 
grew  cotton,  and  98  per  cent  were  producing  Johnson  hay.  The 
principal  feeds  were  pasture,  Johnson  hay,  cottonseed  meal  and 
hulls — all  produced  on  the  farm.  Production  costs  were  low,  and 
returns  from  the  dairy  enterprise  were  satisfactory  in  spite  of  low 
production  per  cow.  Sour-cream  production  has  a  place  as  an 
important  enterprise  on  many  farms,  although  whenever  possible  the 
sale  of  fluid  milk  at  prices  generally  prevailing  is  more  profitable. 

It  seems  likely  that  dairying  in  all  of  its  phaises  will  continue  to 
expand  in  this  section  since  production  possibilities  compare  favor- 
ably with  those  in  any  part  of  the  United  States.  The  first  attention 
of  those  interested  in  the  expansion  of  dairying  should  be  directed 
toward  the  development  of  improved  pastures. 

On  farms  that  are  too  far  from  shipping  points  to  make  it  feasible 
to  sell  milk  or  cream,  or  that  are  too  large  to  carry  enough  dairy 
cows  to  utilize  fully  the  acreage  in  pasture,  the  production  of  beef 
cattle  has  attractive  possibilities.  Beef  production  can  be  carried 
on  with  a  small  amount  of  labor  as  compared  with  dairying,  and  is 
thus  an  alternative  in  cases  in  which  dairying  is  impracticable 
because  of  labor  difficulties. 

Several  types  of  beef  production  may  be  carried  on  in  this  section, 
the  type  of  production  depending  upon  the  acreage  of  grazing  land, 
available  acreage  for  feed  crops,  and  the  inclination  of  the  farmer. 
A  breeding  herd  may  be  kept  and  milk-fat  calves  sold,  or  calves  may 
be  kept  until  they  are  yearlings  or  older  and  then  sold  to  feeders. 
The  production  of  calves  for  sale  in  the  fall  before  they  lose  their 
milk  fat  appears  especially  desirable  in  this  section.  Cattle  often 
weigh  little  more  as  yearlmgs  than  as  milk-fat  calves.  (Fig.  23.) 
Stock  cattle  from  the  piney  woods  sections  may  be  purchased  in  the 
fall,  roughed  throu<^h  the  winter  on  low-grade  Johnson  hay,  and 
pastured  the  following  summer.  A  certain  amount  of  fattening  on 
corn  can  be  done,  but  as  a  rule  it  is  more  profitable  to  use  sorghum 
silage  and  cottonseed  meal  for  finishing.  Fattening  cattle  on  concen- 
trates will  be  secondary  to  fattening  on  grass,  as  far  as  this  section 
as  a  whole  is  concernecl,  because  of  the  small  percentage  of  land  that 
can  be  devoted  to  corn  or  other  grain  crops.  It  appears  that  the 
best  program  for  this  section  is  the  production  of  grass-fat  cattle 
or  feeders  and  the  production  of  only  a  limited  number  of  cattle 
finished  on  concentrates. 

Eight  farm  records  on  herds  of  beef  cattle  were  secured  in  the  Black 
Prairie  Belt,  and  the  data  are  shown  in  Table  39.  One-half  of  these 
farms  had  dairy  herds.  These  are  large  farms  in  a  period  of  transi- 
tion from  cotton  farming  to  some  other  type  of  farming.  Dairy 
cattle,  beef  cattle,  and  sheep  will  probably  occupy  a  much  more 
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important  place  on  these  farms  than  they  do  now.  Although  the 
number  of  beef  cattle  was  relatively  small,  the  sales  amounted  to 
nearly  $2,700  per  farm,  and  the  net  income  after  counting  all  the 
costs  was  nearly  $700.  This  is  fairly  good,  considering  that  the  sum- 
mer previous  was  extremely  dry  and  that  prices  of  beef  cattle  were 
still  low.  Intelligently  managed  herds  should  be  a  profitable  part  of 
the  organization  of  large  farms  in  this  section. 

In  many  instances  a  much  larger  number  of  beef  cattle  could  have 
been  carried  on  the  acreage  pastured  if  these  pastures  had  been 
improved  to  the  high  degree  that  is  possible  in  this  section  and  had 


Figure  2;}. — Beef  calves  in   the  Black   Prairie   Belt.      Beef   calves   can  be  economi- 
cally produced  on  many  farms  where  excellent  grazing  is  available 

been  fully  stocked.  The  winter  feed  was  mostly  Johnson  hay  or  oat 
straw.  Johnson  hay  is  a  cash  crop  in  this  section,  but  usually  a  large 
quantity  of  hay  is  left  which  is  of  such  poor  quality  that  it  will  not 
pay  to  sell  it  but  which  is  satisfactory  for  wintering  cattle. 


Tabile  39. — Organization  of  farms  producing  "beef  cattle  and  income  from  tJw 
6eef  cattle  enterpriw  in  the  Black  Prairie  Belt  of  Alabama 

Farms  reporting number..  8 

Farm  acreage  operated , acres..  1, 056 

Crops.. do 365 

Permanent  pasture .do 638 

Woods  pastured do 34 

Woods  not  pastured ...do 11 

other  land. .do 8 


Acreage  in  crops: 

Cotton 

Corn 

Corn  and  velvet  beans. 

Oats ..... 

Hay,  first  crop 

Hay,  second  crop 

Other  crops 


Percentage  of  farms  growing: 

Cotton per  cent. 

Corn.. ..do... 

Corn  and  velvet  beans .do... 

Oats do... 

Soy-bean  hay do... 

Johnson-grass  hay ...do... 

Watermelons ..do... 

Sweet  potatoes do... 


112 

61 

6 

30 

152 


75 
12 
38 
12 
100 
38 
12 


Livestock  on  farms: 

Cows 

Heifers ... 

Calves 

Steers 

Bulls 


.number.. 
....do.... 
...-do.... 
....do.... 
....do.... 


Cost  and  income  per  farm: 

Concentrates dollars..  158 

Roughage ..do 491 

Pasture ...do 568 

Total  feed.-. do....  1, 217 

Labor do 80 

Equipment do 104 

Miscellaneous do 43 


Total  cost 

Purchase  of  cattle 

Decrease  in  inventory 


.do 1,444 

.do....      162 
.do....      415 


Total  expense... do 2,021 


Sales  of  cattle  or  products do 2,698 

Net  income ..do 677 

Investment  in  cattle do 3,724 
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The  production  of  early  lambs  is  an  enterprise  of  recent  develop- 
ment that  has  very  attractive  possibilities  for  this  section.  The  lar^e 
farms,  wifli  extensive  acreages  of  good  grazing,  afford  the  flocks 
plenty  of  range  and  thereby  lessen  the  danger  from  internal  parasites. 
From  this  study  it  is  not  possible  to  say  how  large  a  flock  can  be 
safely  handled  on  a  given  acreage  in  this  section,  out  flocks  of  100 
to  200  head  have  been  handled  with  little  trouble  where  plenty  of 
pasture  ^vas  available. 

Much  less  feeding  is  required  here  than  in  sections  farther  north. 
On  most  farms  there  is  a  surplus  of  hay  for  winter  roughage,  and 
many  of  the  pastures  contain  winter-growing  legumes  that  furnish 
considerable  grazing  during  the  winter  months.    Some  farmers  were 


NUMBER 
OF  HEAD 

THOUSANDS 


2.000 


1.500 


1.000 


500 


Figure  24.— Origin  of  Sheep  and  Lamb  Receipts  for  1925 

Lambs  from  the  Black  Prairie  Belt  can  be  put  on  the  market  from  the  last  of 
March  to  thf  middle  of  May  ahead  of  those  from  sections  that  compete  in  spring- 
Iamb  production. 

raising  their  sheep  on  pasture  alone,  but  best  results  were  obtained 
from  feeding  some  legume  hay  in  winter  and  a  small  quantity  of 
grain  while  the  lambs  are  running  with  the  ewes. 

The  breeding  flocks  were  largely  native  ewes  from  the  piney  woods 
sections  or  the  first  cross  between  native  ew^es  and  purebred  mutton- 
type  rams.  The  native  ewes  are  hardy  and  do  not  get  so  fat  that  they 
will  not  breed  as  has  been  the  case  in  some  instances  with  grade 
mutton-type  ewes.  The  cross  with  a  good  ram  gives  a  lamb  that 
will  sell  near  the  top  for  milk-fat  spring  lamb.  The  special  ad- 
vantage of  this  section  is  that  by  having  the  lambs  dropped  in 
December  or  early  January  it  is  possible  to  have  a  70-pound  fat  lamb 
on  the  market  in  March  or  April.  This  is  when  supplies  of  lamb 
are  comparatively  low  and  prices  are  usually  high.  (Fig.  24.)  This 
section  has  a  few  weeks'  advantage  over  Tennessee  in  this  respect. 
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The  principal  cash  crops  of  this  section  are  cotton  and  Johnson 
hay,  with  some  alfalfa  in  favored  localities.  Neither  the  acreage  in 
Johnson  grass  nor  that  in  pasture  can  readily  be  rotated  with  other 
crops.  Since  it  is  difficult  to  eradicate  Johnson  grass  when  it  has 
once  become  established  in  a  field  it  should  not  be  allowed  to  get  a 
start  on  land  reserved  for  cultivated  crops.  The  acreage  of  Johnson 
grass  to  be  raised  on  any  farm  depends  on  how  far  this  grass  has 
already  spread,  the  acreage  of  land  best  suited  to  its  profitable  produc- 
tion, and  the  desired  acreage  for  other  crops  and  for  pasture.  In 
the  organization  suggested  it  occupies  from  20  to  30  per  cent  of 
the  farm  acreage.  Normal^  a  considerable  quantity  of  poor-quality 
hay  is  produced  even  when  careful  attention  is  given  to  the  cutting 
and  curing.  This  may  be  used  to  advantage  in  wintering  both  beer 
and  dairy  cattle.  More  attention  should  be  given  to  making  better- 
quality  hay  (preferably  Johnson  hay  that  will  grade  No.  1)  and  to 
keeping  up  production. 

Table  33  shows  1926  data  from  a  few  small  flocks  in  this  section. 
Sales  from  lambs  and  wool  paid  for  the  investment  in  the  flock  in 
one  year.  Sheep  have  been  very  profitable  in  recent  years.  There 
is  some  probability  of  lower  lamb  prices  during  the  next  few  years, 
but  the  expansion  of  sheep  production  in  this  section  is  to  be  recom- 
mended, provided  too  high  prices  are  not  paid  for  breeding  stock. 
With  a  permanent  supply  of  native  ewes  in  the  piney  woods  sections 
to  keep  up  flocks,  lamb  production  should  become  a  common  and 
profitable  business. 

Cotton  is  still  grown  to  a  considerable  extent.  Generally  the 
yields  are  low.  Much  land  put  in  cotton  in  recent  years  could  be 
more  profitably  utilized  as  pasture.  Cotton  should  be  limited  to 
clean  fields  and  to  the  comparatively  small  acreages  of  lighter  soils 
that  occur  on  most  farms  or  should  be  eliminated.  One  advantage 
of  a  small  acreage  of  cotton  is  that  it  can  be  cared  for  by  croppers 
and  thus  help  to  hold  the  labor  supply  on  the  farm. 

The  principal  feed  crops  are  corn,  oats,  and  some  hay  crops  such 
as  cowpeas,  soy  beans,  lespedeza,  and  sweet  clover.  The  hay  crops 
may  be  seeded  after  oats.  The  rotation  is  as  follows:  First  year — 
oats  for  grain  followed  by  a  leguminous  crop  for  hay ;  second  year — 
corn  for  grain;  third  year — corn  for  grain  with  oats  sown  in  the 
fall.  These  crops  should  be  planted  on  land  that  is  free  from  John- 
son grass.  In  the  organization  recommended  for  this  section  the 
feed  crops  not  only  supply  the  livestock  with  nearly  all  the  feed  re- 
quired but  also  produce  a  small  surplus.  Sorghum-cane  silage  can 
be  used  to  replace  a  part  of  the  hay  if  desired.  The  yields  are  not 
in  excess  of  what  may  reasonably  be  expected,  normally,  on  the  better 
farms. 

The  following  organization  is  for  a  dairy  and  hay  farm,  with  a 
flock  of  sheep  as  a  minor  enterprise  and  with  no  cotton : 

A  400-ACRE  DAIRY  AND  SHEEP  FARM 

Acreage :  Acres 

Operated 400 

Buildings,  roads,  woods,  waste,  etc 15 

Permanent  pasture 160 

Corn 50 

Oats  for  grain 25 

Cowpea,  soy-bean,  Lespedeza,  or  sweet-clover  hay — after  oats 25 

Hay — Johnson  grass,  alfalfa,  or  mixed 150 
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Livestock :  Number 

Work  animals 10 

Dairy  cows 40 

Heifers,  2  years  old 10 

Heifers,  1  year  old 10 

Bulls 2 

Ewes 100 

Karas 3 

Brood  sows 3 

Hens 60 

Labor:  Operator  and  seven  hired  hands. 

Livestock  products  for  sale:  260,000  pounds  milk,  8  old  cows,  90  lambs, 
and  550  pounds  of  wool. 

The  milk  production  per  cow  of  this  herd  is  high  but  not  more 
than  should  be  expected  of  a  good  herd  of  this  size.  The  carrying 
capacity  of  the  pasture  is  high  but  not  higher  than  many  pastures 
now  existing.  A  good  farmer  can  reasonably  expect  to  develop  an 
organization  like  this  almost  anywhere  in  the  Black  Prairie  Belt 
where  dairying  is  feasible,  if  careful  attention  is  given  to  the  selec- 
tion of  cows,  development  of  pastures,  and  care  of  Johnson-grasg 
meadows.  It  should  be  possible  to  build  up  a  herd  to  this  produc- 
tion without  the  introduction  of  a  large  number  of  high-priced 
animals. 

The  labor  supply  is  an  important  factor  on  this  farm  as  on  any 
dairy  farm  in  the  South.  The  farm  is  considerably  larger  than  the 
ordinary  family-size  farm,  and  some  hired  labor  would  be  required. 
Unless  labor  were  cheap  and  dependable  a  milking  machine  handled 
with  intelligent  care  would  be  economical  on  this  farm.  In  some 
localities  it  is  possible  to  rent  mules  during  the  rush  season.  When 
this  is  the  case,  it  is  not  necessary  to  carry  the  number  shown.  On 
many  of  the  larger  farms  a  tractor  is  being  used  for  plowing,  mow- 
ing, etc.,  thus  reducing  the  number  of  mules  needed. 

Since  an  abundance  of  pasture  is  the  first  requisite  for  successful 
beef-cattle  production,  the  following  organization  plan  applies  to 
comparatively  large  holdings  of  land  of  which  50  to  60  per  cent  is  in 
pasture,  from  12  to  15  per  cent  is  suitable  for  the  production  of  the 
intertilled  crops,  and  the  remainder  is  in  Johnson  hay. 

A    1,200-ACRE    BEEF-CATTLE    AND    SHEEP    FARM 

Acreage :  Acres 

Operated 1.  200 

Buildings,  roads,  woods,  waste,  etc 80 

Permanent  pasture 700 

Cotton 60 

Com 60 

Oats  for  grain 60 

Cowpea,  soy-bean,  I^spedeza,  or  sweet-clover  hay  after  oats 60 

Hay — Johnson  grass,  alfalfa,  or  mixed 240 

Livestock :  Number 

Work  animals 16 

Beef  cows 150 

Heifers,  2  years  old 20 

Heifers,  1  year  old 20 

Bulls 6 

Ewes 150 

Rams 5 

Brood  sows 4 

Boars 1 

Hens 100 
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Labor :  Operator  and  10  hired  hands. 

Livestock  products  for  sale:  100  calves  or  100  yearling  feeders,  16  old  cows, 
130  lambs,  and  900  pounds  of  wooL 

Parts  of  the  Black  Prairie  Belt  that  are  not  easily  accessible  to 
markets  can  be  utilized  to  much  better  advantage  by  beef  cattle  than 
by  dairy  cattle.  It  is  assumed  in  this  plan  that  the  cattle  will  be 
marketed  as  calves  or  yearling  feeders.  The  cropping  system  is 
similar  to  that  of  the  preceding  farm,  and  has  been  planned  to  meet 
the  feed  requirements  of  the  farm  as  nearly  as  possible.  Cotton 
production  was  included  because  it  was  thought  that  on  a  farm  of  this 
size  there  would  probably  be  more  good  crop  land  than  was  needed 
for  the  production  of  feed  and  because  on  many  livestock  farms  a 
small  acreage  of  cotton  often  affords  employment  to  the  families  of 
the  farm  laborers.  All  feed  except  cottonseed  meal  and  wheat  bran 
will  be  produced  on  the  farm.  The  cottonseed  produced  may  be 
traded  for  meal. 

Early-lamb  production  on  these  farms,  although  not  as  important 
as  the  main  livestock  enterprise,  should  be  a  sure  and  important 
source  of  income. 

These  two  farms  in  a  general  way  show  desirable  farm  organiza- 
tions for  the  Black  Prairie  Belt.  Many  changes  are  possible  to  meet 
the  varying  conditions  on  different  farms  and  the  changes  in  prices 
and  market  conditions.  Cattle  can  be  carried  to  older  ages,  feeder 
cattle  can  be  bought  in  the  spring  to  graze  during  the  summer,  or,  if 
more  feed  crops  can  be  grown,  some  cattle  may  be  fattened  on  grain. 
Thus  the  beef-cattle  man  has  several  alternatives  to  choose  from,  with 
little  change  in  the  rest  of  his  organization.  These  farms  are  not 
inflexible  in  their  organization  but  point  the  way  to  a  more  profitable 
and  economic  use  of  the  resources  of  this  section.  (See  Farmers'  Bul- 
letin 1546  (4).) 

LIVESTOCK  PRODUCTION  IN  THE  SAND  HILLS  OF  SOUTH 
CAROLINA  AND  GEORGIA 

As  far  as  livestock  production  is  concerned,  this  section  is  of  little 
consequence,  both  because  the  section  is  small  and  because  the  soils 
are  light  and  generally  not  suited  to  the  production  of  pasture  and 
feed  crops.  Farms  in  this  section  should  attempt  to  produce  the  meat 
needed  for  home  consumption  and  possibly  some  poultry  products 
for  sale. 

LIVESTOCK  PRODUCTION  IN  THE  APPALACHIAN  BORDER 

Farms  along  the  Appalachian  border  are  generally  small,  with  a 
relatively  small  percentage  of  improved  land.  The  land  is  hilly  and 
broken  and  often  badly  eroded.  The  sparse  population  is  mostly 
white.  Cotton  and  corn  are  the  principal  crops,  and  livestock  pro- 
duction is  of  little  importance.  Not  enough  meat  is  produced  to  sup- 
ply home  consumption.  Most  of  the  emphasis  with  regard  to  live- 
stock production  for  this  section  should  be  placed  on  producing  an 
adequate  supply  of  livestock  products  for  home  consumption. 
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AGRICULTURAL  SURVEYS  OF  FOREIGN 
COUNTRIES 

Two  things  of  vital  iriiportance  must  oe  considered  in  mar- 
keting the  agricultural  surplus  of  the  United  States  in  foreign 
countries:  (1)  The  demand  for  each  product,  and  (2)  the  strength 
of  the  competition  that  must  be  met.  Even  in  customer 
countries  the  local  farmers  are  competing  with  the  farmers  of  the 
United  States  for  the  markets  of  the  consiuning  centers.  The 
whole  question  centers  in  the  disappearance  of  farm  products 
in  relation  to  production.  The  disappearance  of  farm  products 
involves  consumption  as  human  food  and  as  feed  for  hvestock; 
utihzation  in  various  industries;  use  as  seed;  accumulation  as 
stocks;  and  waste.  Disappearance  balanced  against  production 
results  usually  in  a  deficit  that  requires  an  importation  or  in  a 
surplus  that  will  be  available  for  exportation. 

The  bulletins  of  the  United  States  Department  of  Agriculture 
deahng  with  the  agricultural  surveys  of  foreign  countries  contain 
analyses  of  the  relations  between  trends  (pre-war  and  post-war) 
in  agricultural  production,  in  disappearance,  in  importation,  and 
in  exportation,  together  with  a  concise  discussion  of  the  import- 
ant developments  within  each  country.  These  analyses  and 
discussions  will  enable  the  man  who  is  not  a  technical  expert  to 
follow  current  developments. 

The  bulletins  of  this  series  already  issued  or  in  press  are  as 
follows : 

Agricultural  Survey  of  Europe: 

Germany.     (Department  Bulletin  No.  1399.) 
The  Danube  Basin — Part  I.     (Department  Bulletin  No.  1234.) 
The  Danube  Basin— Part  2.     (Technical  Bulletin  No.  126.) 
Switzerland.      (Technical  Bulletin  No.  101.) 

Agricultural  Survey  of  South  America : 

Argentina  and  Paraguay.     (Department  Bulletin  No.  1409.) 
France.     (Technical  Bulletin  No.  37.) 

Other  bulletins  of  this  series  are  in  preparation. 
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UNITED  STATES  PENETRATION  INTO  THE  DANUBE  BASIN 

In  the  markets  of  Germany,  Czechoslovakia,  Austria,  the  Adriatic 
ports,  and  the  Orient,  wheat,  wheat  flour,  and  lard  from  the  United 
States  are  now  competing  with  wheat,  wheat  flour,  lard,  pork,  and 
pork  products  from  Hungary,  Rumania,  Yugoslavia,  and  Bulgaria. 

The  recent  expansion  of  com  acreage  in  the  south  Danube  States, 
the  increased  shipments  of  hogs,  pork,  pork  products,  and  lard  up  the 

1  With  the  collaboration  of  Pauline  A.  McDonnell,  of  the  Bureau  of  Agricultural  Economics. 
44874*— 29 1 
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Danube,  and  the  projected  construction  by  British  interests  of 
packing  plants  in  Bulgaria,  with  a  direct  line  of  steamships  to  western 
Europe,  center  attention  on  the  potential  importance  of  the  south 
Danube  corn  belt  as  a  hog-producing  region.  There  is  little  question 
that  the  hog  industry  of  the  United  States  must  prepare  to  face 
increased  competition  from  the  lower  Danube  Basin. 

The  production  of  wheat  and  wheat  flour  in  southeastern  Europe 
was  badly  crippled  by  the  events  of  the  World  War  and  the  disas- 
trous economc  situation  following  the  war;  by  the  breaking  up  of  the 
Austro-Hungarian  Empire;  and  by  the  sweeping  land  reforms  in 
which  millions  of  acres  formerly  operated  as  large  estates  passed  into 
the  hands  of  peasant  farmers.  The  former  wheat  surplus  of  the 
south  Danube  States,  which  during  1909-1913  averaged  more  than 
110,000,000  bushels,^  was  reduced  to  an  average  of  26,000,000 
bushels^  during  the  5-year  period  ended  1925-26.  During  this 
period  American  wheat  penetrated  to  the  mountainous  interior  of 
Rumania,  but  both  American  wheat  and  flour  are  now  being  forced 
back  toward  north  central  Europe,  for  wheat  production  in  the 
Danube  Basin  is  recuperating,  and  the  milling  industry  is  again 
struggling  to  recover  its  former  footing. 

The  interest  of  American  agriculture  in  this  region  is  centered  on 
the  degree  to  which  the  peasant  farmers  of  the  Danube  Basin  can 
utilize  the  lands  that  were  formerly  operated  as  large  estates  to  build 
up  exportable  surpluses  of  wheat,  corn,  rye,  barley,  and  oats,  as  well 
as  hogs  and  other  animals  and  animal  products. 

The  present  struggle  of  United  States  products  to  maintain  a 
foothold  in  the  natural  markets  of  the  surplus-producing  districts 
along  the  Danube  River  is  but  a  recent  phase  of  a  struggle  that  has 
extended  over  three-quarters  of  a  century. 

THE  BATTLE  OF  GRAIN  AND  HOGS 

During  the  half  decade  in  which  the  United  States  was  recuperat- 
ing from  the  Civil  War,  Hungary  entered  the  markets  of  the  west 
and  became  the  granary  of  Europe,  for  production  in  Russia  had 
been  previously  crippled  by  the  Crimean  War.  But  by  1874 
American  grain  was  again  flowing  across  the  Atlantic  in  increasing 
volume,  and  for  the  next  30  years  contended  with  Hungarian  grain 
in  central  Europe  and  Russian  grain  in  the  west.  It  also  had  to  meet 
the  rising  tide  of  cereal  exports  from  the  south  Danube  States — 
Rumania,  Bulgaria,  and  Serbia. 

When  American  wheat  and  flour  appeared  at  Trieste,  the  southern 
gateway  of  the  Austro-Hungarian  Monarchy,  and  at  other  Adriatic 
ports,  Hungary  realized  its  inability  to  cope  successfully  with  the 
situation  by  marketing  wheat  as  grain.  Hungary  therefore  set 
out  to  develop  the  flour-milling  industry  which  is  now  centralized 
in  the  great  mill  combines  at  Budapest.  The  commercial  mills  of 
Hungary  soon  developed  a  capacity  sufficient  to  grind  all  of  the 
wheat  produced  in  Hungary.  Then  large  quantities  of  wheat  and 
rye  were  imported  from  the  Balkan  States  to  be  ground  in  bond  and 
thrown  upon  the  markets  of  the  Austrian  Empire  and  central  Europe 
in  competition  with  flour  from  Minneapolis. 

3  Tbe  combined  surplus  of  Bulgaria,  Hungary,  Rumania,  and  Yugoslavia, 
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The  Balkans,  seeing  the  advantage  gained  by  Hungary  in  export- 
ing flour  instead  of  grain,  established  their  own  commercial  mills. 
These  southern  mills  attempted  chiefly  to  satisfy  the  flour  require- 
ments of  the  Orient.  Rumania,  Bulgaria,  and  Serbia  each  shipped 
flour  south  and  east  to  Istambul  (Constantinople)  and  Salonika. 
At  the  same  time,  large  quantities  of  grain  were  shipped  to  western 
Europe  from  Rumanian  and  Bulgarian  ports  on  the  Danube  and  the 


Black  Sea,   which  greatly   augmented   the  large  yearly  shipments 
from  Russia. 

Hungarian  wheat  and  overseas  wheat  had  practically  put  the 
German  farmer  out  of  the  running  by  1881,  and  on  July  21  of  that 
year  the  first  of  a  series  of  protective  agricultural  tariffs  was  inau- 
gurated which,  by  19C6,  had  eliminated  Hungarian  wheat  as  a  com- 
mercial factor  from  Germany,     The  United  States  continued   to 
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ship  grain  into  Germany  over  the  tariff  wall,  but  the  landed  nobles 
and  great  land  barons  of  Hungary,  Rumania,  and  Russia  found  it 
increasingly  difficult  to  compete  with  American-grown  grain.  The 
seeders,  self-binders,  and  steam-driven  separators  of  the  western 
farms  in  America  multiplied  the  power  of  a  single  man  to  many  times 
that  of  the  nonprogressive  European  farmer,  who  broadcasted  seed 
by  hand,  harvested  his  crops  with  a  sickle,  and  trod  out  his  grain 
with  cattle,  as  in  Biblical  times.  The  eastern  peasants  have  clung 
to  their  primitive  methods  in  sharp  contrast  with  the  estate  owners, 
who  were  quick  to  adopt  American  and  other  farm  machinery  and 
to  change  their  farm  methods  in  keeping  with  the  principles  of 
experimental  science. 

Even  by  the  use  of  modern  machinery  the  Hungarian  nobles  were 
unable  to  compete  with  the  rising  flood  of  grain  from  North  America, 
Russia,  the  south  Danube,  Argentina,  India,  and  Australia.  Slowly 
their  grain-marketing  operations  were  forced  back  to  the  frontiers 
of  the  Austro-Hungarian  Monarchy.  Such  shipments  as  were  made 
abroad  were  almost  exclusively  in  the  form  of  a  very  high-grade 
wheat  flour  which  was  much  in  demand  by  the  bakers  of  central 
Europe.  The  struggle  was  for  existence.  By  1906  it  had  become  so 
bitter  that  the  dual  monarchy,  following  the  examples  of  Germany 
and  France,  passed  a  tariff  act  that  practically  inhibited  grain, 
cattle,  and  hogs  from  passing  the  frontiers  of  Austria-Hungary. 

Between  1850  and  1860,  lard  from  the  United  States  had  made 
its  active  appearance  upon  the  European  markets  in  such  quantities 
that  Hungarian  lard  prices  were  cut  from  10  to  30  per  cent.  Hogs 
from  Serbia  and  Rumania  had  been  marketed  in  Hungary  and  Austria 
from  early  times,  in  tens  of  thousands  yearly.  In  the  early  nineties 
Serbia  shipped  250,000  hogs  up  the  Danube  in  a  single  year.  The 
Austro-Hungarian  agricultural  tariff  dealt  a  death  blow  to  the  Serbian 
Hve-hog  export  and  forced  the  development  of  the  packing  industry 
within  Serbia  itself. 

Before  the  World  War  the  United  States  farmer  had  three  powerful 
groups  of  competitors  in  southeastern  Europe.  The  most  power- 
ful of  these  groups  was  found  to  the  north  of  the  Black  Sea  in  Russia. 
This  group  was  made  up  of  the  nobles  and  rich  landlords,  whose  broad, 
well-tilled  acres  were  devoted  to  the  production  of  export  cereals; 
and  of  the  mushiks,  from  whose  tiny  plots  of  land  were  wrung  driblets 
of  surpluses  whose  cumulative  amount  supplied  nearly  half  of  the 
exported  total.  The  second  most  powerful  group,  that  of  the  south 
Danube  States,  was  made  up  of  the  great  land  barons  and  impover- 
ished peasantry  of  Rumania,  and  the  independent  peasant  farmers 
of  Bulgaria  and  Serbia.  The  third  group  comprised  the  powerful 
farming  nobles  of  the  former  Kingdom  of  Hungary  and  a  colorfu{ 
variety  of  subjugated  peasants  of  diverse  nations  who  were  held  to 
the  farming  policies  of  the  Hapsburgs  by  the  force  of  the  Austro- 
Hungarian  Monarchy, 

At  the  outbreak  of  the  World  War  the  Hungarians  had  continued 
their  practice  of  importing  Rumanian  and  Serbian  wheat  for  milling 
in  bond,  but  only  a  small  part  of  the  surplus  that  was  produced  in 
Serbia  and  Rumania  went  up  the  Danube.  The  bulk  of  all  surplus 
cereals  produced  in  Serbia,  Bulgaria,  and  Rumania  was  shipped  to 
western  Europe  where  it  had  a  very  important  influence  in  deter- 
mining world  prices. 
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Then  came  the  Balkan  and  the  World  Wars,  followed  by  Bolshevism 
m  former  Russia,  the  breaking  up  of  the  Austro-Hungarian  Empire, 
and  the  sweeping  land  reforms  in  the  succession  States  east  of  the 
Alps.  The  vast  grain-surplus-producing  estates  of  former  Russia, 
Rumania,  and  the  subjugated  districts  of  the  former  Kingdom  of 
Hungary   have  passed  into   the   beginnings  of  tradition.     Subject 

E copies,  no  longer  held  to  specific  lines  of  farming  by  imperial  policies, 
ave  reverted  more  nearly  to  those  customs  and  habits  of  agriculture 
that  were  traditional  to  the  peculiar  ethnic  group  to  which  each 
belonged,  and  changes  have  followed  as  natural  consequences, 
which  are  of  very  great  significance  to  the  world  of  agriculture. 

During  and  immediately  following  the  World  War,  the  power  to 
produce  was  greatly  reduced  throughout  southeastern  Europe. 
United  States  wheat,  flour,  and  lard  flowed  into  this  former  competing 
region  through  Trieste  into  Austria  and  up  the  Elbe  River  from  Ham- 
burg into  Czechoslovakia.  North  American  wheat  was  milled  even 
in  the  Rumanian  District  of  Transylvania.  American  flour  and  lard 
from  the  United  States  penetrated  Dalmatia  and  Croatia  in  western 
Yugoslavia  at  a  time  when  the  eastern  districts  were  exporting  grain 
and  hogs  up  the  Danube. 

The  question  today  is.  How  long  can  the  United  States  maintain 
its  footing  in  the  natural  markets  of  its  competitors  in  the  Danube 
Basin?  To  what  extent  can  these  competitors  come  back  to  drive 
American  products  out  of  their  own  markets  and  to  compete  with 
grain  and  pork  from  the  United  States  in  the  markets  of  western  and 
central  Europe? 

In  a  former  publication  (22Y  are  given  the  effects  of  boundary 
changes  upon  the  agriculture  of  the  four  of  the  six  Danube  States — 
residual  Himgary,  residual  Austria,  Czechoslovakia,  and  Yugoslavia, 
up  to  the  year  1922.  The  present  report  covers  the  amcultural 
situation  of  the  south  Danube  States — Rumania  and  Bulgaria — as 
well  as  Yugoslavia,  forming  a  single  group  of  the  three  similar  States.* 
The  agricultural  situation  in  the  three  south  Danube  States  has 
been  vitally  influenced  by  the  boundary  changes  attending  the  split- 
ting up  of  the  Turkish  Empire  and  the  Austrio-Hungarian  Monarchy 
following  the  Balkan  and  the  World  Wars.  This  takes  into  considera- 
tion the  liberation  of  the  subject  peoples  of  Austria  and  Hungary 
from  the  pressure  for  greater  farm  production  exerted  by  the  agri- 
cultural policies  of  the  Dual  Monarchy.  The  farm  operations  of 
these  peoples  have  retrogressed  toward  the  ancient  customs  and 
habits  peculiar  to  each  ethnic  group.  This  is  an  important  factor. 
Agricultural  production  is  the  result  of  a  series  of  reactions  between 
inherited  potentialities  of  individual  seeds  and  animals  and  those 
conditions  of  the  environment  in  which  the  individual  develops  as 
modified  by  the  hand  of  man.  Success  or  failure  in  production 
depends  very  largely  upon  the  character  of  the  man.  The  land 
reform  has  had  a  sweeping  effect  upon  the  farm  situation  in  Rumania 
and  a  lesser  effect  upon  farming  in  Bulgaria  and  northern  Yugoslavia.'^ 

» Italic  numbers  in  parentheses  refer  to  "literature  cited,"  p.  182. 

*  Farming  in  Yugoslavia  is  of  the  same  primative  character  as  that  of  Rumania  and  Bulgaria.  These 
three  countries  are  classified  as  Near-Eastern  countries,  together  with  Greece  and  Turkey.  The  two  latter 
countries  look  to  the  soutli  Danube  states  for  cereals,  flour,  animals,  and  animal  products  with  which  to 
cover  the  deficit  in  their  domestic  production. 

» In  southern  Yugoslavia  and  Bulgaria,  where  there  were  almost  no  large  landed  proprieters,  the  land 
reform  produced  little,  if  any,  change  in  agricultural  methods  or  production.  Modem  methods  of  farming 
had  been  practiced  to  a  very  limited  extent  la  these  regions. 
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The  land  reform  has  removed  miUions  of  acres  from  the  superior 
farm  methods  of  the  large  estates  and  subjected  them  to  the 
poorer  methods  of  peasant  farming. 

The  net  result  of  these  changes  has  been  a  general  decrease  in 
production  per  acre.  There  have  been  shifts  in  the  relative  acreages 
of  the  different  field  crops  cultivated  and  the  number  of  farm  animals 
maintained.     There  have  been  changes  in  domestic  consumption. 

There  has  been  a  great  reduction  in  the  surplus  of  the  five  chief 
cereals  available  for  export  from  these  three  south  Danube  States. 
The  wheat  surplus  dropped  from  89,454,000  bushels  before  the  World 
War  to  23,306,000  bushels  in  1925-26.  The  pre-war  rye  surplus 
totaled  11,500,000  bushels  as  against  455,000  bushels  in  1925-26. 
Other  contrasts  stated  in  bushels  were  as  follows:  Barley,  35,036,000, 
as  agamst  14,803,000;  oats,  24,198,000,  as  against  2,809,000;  and 
corn  91,581,000  before  the  World  War,  as  against  66,207,000  bushels 
in  1926. 

Before  the  World  War  a  portion  of  these  cereal  surpluses  was 
shipped  by  rail,  or  up  the  Danube  by  water,  to  central  Europe,  but 
the  great  bulk  of  all  exports  was  shipped  by  way  of  the  Black  Sea 
to  western  Europe.  It  is,  therefore,  the  markets  of  western  Europe 
that  are  most  vitally  affected  by  the  postwar  decreases  in  cereal 
production. 

THE  AGRICULTURAL  SITUATION  IN  RUMANIA 

Toward  the  close  of  the  World  War,  the  forces  of  the  Central  Powers 
occupied  fully  two-thirds  of  the  old  Kindgom  of  Rumania,  forcing 
the  Riunanian  Army  and  Government  into  the  short  arm  of  the 
country  between  the  Carpathian  Mountains  and  the  River  Pruth. 
The  rest  of  the  country  was  systematically  despoiled  when  the 
German  armies  withdrew,  taking  with  them  all  available  supplies  of 
foodstuffs  and  most  of  the  means  of  transportation  in  sight.  The 
transportation  facilities  of  the  old  Kingdom,  never  first-class,  passed 
into  an  acute  crisis,  from  which  the  country  had  not  recovered  by 
1926.^  This  lack  of  transportation  has  affected  Rumanian  fife  vitally 
at  almost  every  point  and  has  been  one  of  the  contributing  causes  of 
the  present  depression  in  the  agriculture  of  the  country.  Up  to  1925, 
it  was  impossible  to  move  crops  advantageously. 

This  inability  to  move  the  produce  of  the  country  itself  was  keenly 
felt  during  the  period  of  food  shortage  following  the  World  War. 
Sections  of  the  Eangdom  were  cut  off  from  the  districts  of  surplus 
production  and  were  forced  to  import  wheat  and  flour  from  North 
America  and  Australia.  In  the  first  half  of  1919  we  find  Rumania — 
one  of  the  former  great  wheat-exporting  countries  of  the  world — 
importing  foodstuffs  as  follows:  Wheat,  1,625,000  bushels;  wheat  flour 
(in  terms  of  wheat),  6,765,000  bushels;  rye,  100,000  bushels;  corn 
and  meal  (in  terms  of  grain),  600,000  bushels;  barley,  20,000  bushels; 
and  oats,  330,000  bushels. 

« Before  the  World  War  (1912-1914) ,  the  old  Kingdom  had  in  round  numbers  2,200  miles  of  railway,  24,051 
cars,  and  888  locomotives.  With  the  acquisition  of  her  new  territory,  she  increased  her  railway  mileage  to 
7,424,  and  her  cars  to  more  than  90,000.  Rumania  had  4,500  locomotives,  including  purchases  abroad,  in 
1924,  but  this  rolling  stock  was  not  entirely  available  for  transportation  purposes,  since  a  large  part  of  it 
was  out  of  repair.  In  1926,  there  were  2,006  locomotive,  2,649  passenger  cars,  871  mail  coaches,  and  41,926 
freight  cars  in  commission.  To  handle  her  traffic  situation  effectively  Rumania  should  have  at  least  4,000 
locomotives  and  100,000  cars.  Even  before  the  World  War  the  car  capacity  was  not  sufficient  to  move  the 
grain  in  the  fall,  and  several  thousand  cars  were  rented  each  year  from  Germany  to  be  used  during  the 
period  of  concentrating  the  grain.    (,S6, 19U) 
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These  imports  carried  the  country  through  1919  until  the  new  crop 
was  harvested,  at  which  time  restrictions  amounting  to  prohibition 
were  placed  on  exports  of  foodstuffs.  The  domestic  requirements  had 
to  be  metiirst,  and  only  such  exports  were  allowed  during  the  season 
1919-20  as  furthered  the  policies  of  the  Government,  and  then  only 
under  special  permit.  Only  about  367  bushels  of  wheat  and  80 
barrels  of  wheat  flour  were  allowed  to  go  out  of  the  country.  Of  the 
other  cereals,  25,000  bushels  of  com  were  sent  to  Austria,  and  718 
short  tons  of  meal  and  grains  were  exported  to  Turkey. 

Nor  were  the  food  requirements  of  the  old  Kingdom  the  main 
problem  pressing  for  solution.  Bessarabia,  Bukovina,  and  a  large 
section  of  the  former  Kingdom  of  Hungary  had  been  added  to  the 


Figure  2.— Mapof  Rumania 

Greater  Rumania  comprises  the  old  Kingdom  of  Rumania,  Bessarabia  (acquired  from  Russia), 
Transylvania  (acquired  from  Hungary),  and  Bukovina  (acquired  from  Austria).  Before  the  World 
War  Rumania  was  one  of  the  great  wheat-producing  and  wheat-exporting  regions  of  Europe. 
Following  the  sweeping  land  reform  initiated  in  1919,  production  of  wheat  has  not  regained  its  pre- 
war magnitude,  and  exportation  of  this  cereal  is  only  a  fraction  of  the  amount  shipped  abroad  before 
the  World  War.  On  the  other  hand,  livestock  production,  particularly  the  production  of  sheep, 
has  increased  above  its  pro- war  importance. 

old  Kingdom  to  form  the  '^ ethnic  unit"  of  greater  Rumania.  The 
administrative  staffs  of  the  Austrian  and  Hungarian  Governments 
had  been  withdrawn  at  the  time  of  ceding  theu*  territories,  and  in 
Bessarabia  the  Bolshevik  uprising  had  caused  former  official  circles 
to  vanish.  The  Bucharest  Government  was  faced  with  the  problem  of 
organizing  this  newly  formed  Kingdom,  more  than  twice  the  size  of 
the  former  one,  with  the  restricted  machinery  of  the  old  Kingdom, 
hastily  augmented  with  such  local  talent  as  could  be  induced  to 
come  to  the  aid  of  the  State.  These  locally  selected  officials  had 
little  or  no  experience  with  governmental  affairs,  having  been  kept 
out  of  participation  in  civil  matters  to  a  large  degree  by  the  former 
ruling  powers. 
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The  situation  was  complicated  by  budget  difficulties.  Before 
funds  could  be  raised  by  direct  taxation  the  Bucharest  Government 
had  to  unify  four  distinct  systems  of  appraisal;  the  Rumanian,  the 
Austrian,  the  Hungarian,  and  the  Russian.  This,  however,  was 
practically  accomplished  by  1923,  in  which  year  the  budget  was 
successfully  balanced,  with  a  margin  on  the  credit  side. 

The  present  Kingdom  of  Rumania  has  vast  resources  of  timber, 
oil,  and  mineral  wealth,  in  addition  to  the  agricultural  production 
of  rich  soils.  It  was  therefore  but  natural  to  expect  that  Rumania 
would  be  the  first  of  the  succession  States  to  recover  from  the  effects 
of  the  World  War.  But  the  difficulties  of  administration  and  finance, 
coupled  with  the  breakdown  of  transportation  and  communication 
and  the  falling  off  in  production  following  the  land  reform,  have 
deferred  the  fulffiment  of  these  hopes  several  years.  It  was  not  until 
1923  that  the  value  of  exports  exceeded  that  of  imports  and  a  favor- 
able balance  was  established  in  international  trade. 

Before  the  World  War  cereals  and  cereal  products  had  constituted 
the  bulk  of  the  exports  from  the  old  Eangdom  of  Rumania.  The 
territories  acquired  from  Russia  and  those  ceded  by  Hungary  had 
also  produced  large  exportable  surpluses  of  wheat,  rye,  barley,  oats, 
and  corn.  The  Bucharest  Government  and  those  interested  in 
Rumanian  affairs  were  confident  that  the  acquisition  of  these  terri- 
tories would  place  large  surpluses  of  cereals  at  the  disposition  of 
exporters  in  quantities  that  would  at  least  approximate  the  customary 
pre-war  surpluses,  indicated  in  Table  1. 

Table  1. — Cereals:  Production  and  net  exports  of  the  old  Kingdom  of  Rumania,  as 
compared  with  those  of  greater  Rumania;  average,  1909-1913  and  annual,  1925 


Old  Kingdom  of 
Rumania 

Greater  Rumania 

1909-1913 

1909-1913 

1925 

Cereal 

Net 
produc- 
tion 

Net 
exports 

Per- 
cent- 
age of 
produc- 
tion ex- 
ported 

Ap- 
proxi- 
mate 
net  pro- 
duction 

Ap- 
proxi- 
mate 
surplus 

Per- 
cent- 
age of 
produc- 
tion ex- 
ported 

Net 
produc- 
tion 

Net  ex- 
porta- 
tion 

Per- 
cent- 
age of 
produc- 
tion ex- 
ported 

Wheat           

1,000 
bushels 
75,  529 

3,821 
21, 307 
25,  345 
99,142 

1,000 
bushels 
54, 434 

2,967 
16,  741 
10,  421 
38,729 

Per 
cent 
72.1 
77.6 
78.6 
41.1 
39.1 

1,000 
bushels 

131, 835 
16, 879 
56,  595 
55,  361 

191,  773 

1,000 
bushels 
71,  272 

8,379 
32,324 
18,426 
64,966 

Per 
cent 
54.1 
49.6 
57.1 
33.3 
33.9 

1,000 
bushels 
83,291 

6,280 
36,  374 
39,824 
159, 970 

1,000 
bushels 

9,793 

120 

12,  616 

1,730 
22,810 

Per 
cent 
11.8 

Rye    - 

1.9 

Barley          -- 

34.7 

Oats 

4.3 

Corn         

14.3 



From  tables  in  succeeding  text. 

This  confidence  was  shattered  by  the  events  following  the  sweeping 
land  reform  inaugurated  in  1918,  which  involved  the  transfer  of 
nearly  15,000,000  acres  from  the  well-ordered  management  of  large- 
estate  conditions  into  the  hands  of  peasants,  who  were  not  fitted, 
either  by  training  or  habit,  to  produce  the  former  yields  and  who 
did  not  possess  the  capital  requisite  to  the  proper  cultivation  of  the 
soil. 

The  grain  situation  in  Rumania  became  so  serious,  after  the  land 
reform  came  into  effect,  that  numerous  laws  were  enacted  to  foster 
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production,  to  control  trade,  and  to  obtain  a  revenue  from  exports. 
These  laws  have  had  a  pronounced  depressing  effect  upon  agricultural 
production  and  have  accentuated  the  initial  depressing  influence  of 
the  land  reform  itself. 

In  1920  the  exportation  of  wheat  from  Rumania  was  negligible. 
In  March  of  that  year  a  law  went  into  effect  which  declared  all  cereals 
and  their  derivatives  immobilized  throughout  greater  Rumania. 
Quantities  up  to  1  ton  only  were  permitted  to  be  sold  at  any  one 
transaction  for  food  or  seed,  and  owners  were  obliged  to  report  the 
quantities  of  each  cereal  they  had  on  hand.  On  April  8  these  restric- 
tions were  removed  from  corn,  barley,  and  oats,  but  wheat  and  rye 
remained  immobilized.  During  the  late  summer  and  fall  the  wheat 
and  rye  restrictions  were  temporarily  removed,  in  order  to  stimulate 
fall  seeding,  but  were  again  made  effective  in  December.  In  the 
second  half  of  1920  the  small  movement  of  grain  abroad  was  restricted 
almost  exclusively  to  barley,  oats,  and  corn. 

The  Government,  alarmed  at  the  small  acreage  of  wheat  harvested 
in  1920,  not  only  removed  the  restrictions  imposed  in  March  but 
also  promised  free  export  possibilities  in  1921.  In  the  fall  there  was 
a  material  increase  in  the  seeding  of  wheat,  and  in  the  spring  of  1921 
there  was  an  increased  seeding  of  all  cereals. 

In  1921  the  Government  created  a  monopoly  for  the  export  of  wheat 
and  rye  and  to  assure  a  supply  of  export  grain,  resorted  to  the  requi- 
sitioning of  wheat  at  maximum  prices.  Corn,  barley,  and  oats  were 
permitted  to  be  exported  only  after  the  exporters  had  deUvered  to  the 
Government  purchasing  commission  half  the  available  exportable 
surplus  of  these  cereals  in  their  possession. 

The  Bratianu  Government,  upon  coming  into  power  in  1922, 
replaced  these  varied  regulatory  measures  by  a  system  of  export  taxes 
payable  in  so-called  "strong  currencies" — that  is,  currencies  of 
financially  sound  countries  Hke  the  United  States  and  Great  Britian. 
The  prohibition  of  the  exportation  of  certain  cereals  was  not  altogether 
abandoned,  but  was  employed  only  as  a  temporary  measure  when  the 
domestic  production  was  insufficient  to  satisfy  internal  needs  or  when 
exports  were  in  excess  of  the  available  surplus. 

The  export  rates  and  regulations  were  so  onerous  that,  although 
production  of  wheat  increased  more  than  13,000,000  bushels  over 
1921,  net  exportation  fell  to  1,593,000  bushels  during  the  year  ended 
July  31,  1922. 

Lack  of  volume  in  exports  defeated  the  purpose  of  the  Govern- 
ment to  secure  revenues,  and  on  November  24,  1923,  the  export 
of  wheat  and  rye  as  a  Government  monopoly  was  abandoned, 
and  private  trade  was  reins titu ted.  The  immediate  effect  was  the 
export  of  about  five  times  as  much  wheat  and  rye  in  December  as 
during  the  1 1  preceeding  months. 

With  the  liberation  of  trade  at  the  end  of  1923  the  exportation  of 
wheat  continued  rapidly  into  1924.  This  was  the  poorest  crop  year 
since  1920,  and  although  export  of  bread  cereals  was  prohibited  as 
soon  as  it  was  evident  that  there  would  be  a  crop  shortage,  a  net 
export  of  nearly  9,000,000  bushels  of  wheat  was  sent  abroad  before 
the  new  crop  came  on  the  market. 

The  total  export  of  wheat  for  the  calendar  year  1925  was  1,500,000 
bushels.  The  generally  low  level  of  cereal  exports  during  1925 
brought  forcibly  to  the  attention  of  the  Government  the  urgent 
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necessity  of  stimulating  sales  of  Rumanian  products  abroad  in  order 
to  stabilize  the  exchange  value  of  the  Rumanian  leu. 

In  March,  1926,  a  reduction  was  made  in  the  export  taxes  on  grain ^ 
and  during  the  following  May  the  surtax  of  30  per  cent  on  the  freight 
rates  of  grain  destined  for  export  was  abrogated. 

The  effect  of  these  ameliorations  on  wheat  exports,  which  increased 
rapidly  during  April  and  the  months  following,  is  indicated  in  Table  2. 

Table  2. — Cereals:  Exports  from  Rumania,  by  months,  August,  1924,  io  July,  1926 
[In  thousands  of  bushels — i  .e.,  000  omitted] 


Wheat 

Wheat  flour  i 

Rye 

Corn 

Barley 

1924-25- 

1925-26 

1924-25 

1925-26 

1924-25 

1925-26 

1924-25 

1925-26 

1924^26 

1925-26 

August 

761 
13 
13 
0 
0 

i 
8. 

43 

111 

5 

(?) 

34 

9 

3 

18 

720 

2,262 

1,893 

1,110 

498 
513 
601 

(?) 

(?) 
518 

'". 

125 

15 
91 
123 
261 
159 
169 
272 
310 
380 
582 
972 
487 

(0 
(2) 

I 

10 
1 
0 
0 
0 
0 

0 
0 
0 

«o 

0 

17 
47 
35 
71 

(?) 

Q) 

& 

2,059 
1,712 
1,557 
2,638 
2,734 
1,224 

643 
558 
374 
2,757 
3,720 
2,316 
1,230 
1,349 
1,804 
2,624 
2,639 
2,596 

(2) 
305 
272 
171 
0 
11 
234 
357 

1,679 
1,354 

September 

October 

822 

November 

1,349 
1,937 

December..  . 

January 

1,071 

February 

795 

March.. 

442 

April 

1,572 
791 

May 

Jnnft 

607 

July 

298 

August-December,  1924  (18,  [v.]  IB). 
January-December,  1925  (35). 

January-July,  1926,  from  report  dated  Dec.  8,  1926,  from  Ely  E.  Palmer,  Consul  General  in  charge, 
Bucharest.  Rumania. 

1  In  terms  of  grain.  2  Not  available.  ^  Less  than  500  bushels. 

This  outhne  statement  of  Rumania's  grain  trade  since  the  World 
War  pertains  chiefly  to  restrictions  upon  the  sale  and  export  of  wheat 
and  rye.  There  can  be  no  doubt  that  these  restrictions  have  tended 
to  diminish  the  favor  with  which  the  farmers  looked  upon  wheat  and 
rye  production  as  contrasted  with  the  production  of  barley,  corn,  and 
oats.  On  the  other  hand,  the  general  level  of  all  cereal  production 
in  Rumania  has  been  lowered;  consequently  the  exportable  surpluses 
of  wheat,  barley,  oats,  corn,  and  rye  are  far  below  those  of  the  period 
1909-1913. 

Rumanian  cereal  export  had  formerly  been  the  chief  item  in  the 
international  trade  balance  of  the  country.  The  sale  of  cereals  upon 
the  European  markets  in  exchange  for  the  currencies  of  the  various 
customer  countries  was,  before  the  World  War,  the  strongest  factor 
in  building  up  the  financial  standing  of  the  Nation.  The  effect  of 
the  enormous  shortages  in  exportable  cereals  upon  the  Rumanian 
financial  situation  has  been  all  but  disastrous.  Many  contributing 
causes  have  been  associated  with  this  export  situation,  but  the  main 
factor  involved  is  the  land  reform. 

It  is  generally  conceded,  after  seven  years  under  the  reform  system 
of  farming,  that  the  rate  of  seeding  has  more  or  less  reached  its  new 
levels  and  that  decreased  production  is  an  evident  fact.  Although  a 
portion  of  this  decrease  is  attributable  to  unfavorable  weather,  the 
main  reason  is  the  inability  of  the  peasants  to  employ  modern  methods 

7  The  export  tax  on  wheat  was  reduced  from  30,000  to  18,000  lei,  on  barley  and  corn  from  12,000  to  10,000 
lei,  and  on  oats  from  20,000  to  10,000  lei.  These  rates  apply  to  carload  lots  of  10  metric  tons  or  22,046  pounds. 
During  the  month  of  March,  1926,  the  average  exchange  value  of  1  leu  was  0.42  cent  (par  value  before  the  war 
was  19.3  cents). 
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of  sowing,  cultivation,  and  harvesting.     They  do  not  fully  realize 
the  advantage  to  be  derived  from  using  improved  varieties  of  seed. 

The  grain  crops,  being  the  main  source  of  Rumania's  wealth,  it  would  appear 
that  some  drastic  steps  will  sooner  or  later  have  to  be  taken  with  a  view  to  training 
the  peasants  in  modern  methods  of  agriculture  and,  if  necessary,  assisting  them 
to  procure  uf)-to-date  implements  and  selected  seed  {I4,  V-  ^^)- 

The  nature  of  land  tenure,  the  lack  of  even  primary  education  on 
the  part  of  a  large  percentage  of  the  peasants,  and  the  persistence  of 
ancient  customs  and  habits  in  peasant  agricultural  operations  make 
any  radical  change  in  the  present  agricultural  situation  extremely 
difficult.  It  is  probable  that  the  present  retrogressive  state  of  Ruma- 
nia's agriculture  will  continue  for  many  years  to  come. 

LOCATION  AND  EXTENT  OF  RUMANIA 

The  old  Kingdom  of  Rumania  comprised  the  geographical  divisions 
of  Moldavia,  Wallachia,  and  Dobruja.  In  1912  it  had  an  area  of 
50,260  square  miles,^  which  is  sUghtly  larger  than  that  of  the  State  of 
North  CaroHna. 

The  old  Kingdom  Ues  between  the  forty-third  and  forty-ninth 
parallels  of  north  latitude  (or  about  the  same  distance  from  the 
Equator  as  North  Dakota  and  South  Dakota)  and  between  the 
twenty-second  and  thirtieth  meridians  of  east  longitude.  It  is 
bounded  on  the  north  and  west  by  the  Transylvanian  Alps  and  the 
Carpathian  Mountains,  on  the  south  by  the  Danube  River  and 
Bulgaria,  and  on  the  east  by  the  River  Pruth  and  the  Black  Sea. 

From  the  highlands  of  the  Carpathian  Mountains  the  terrain  slopes 
to  the  east  and  south  through  the  rolling  hill  country  of  the  Sereth 
and  the  Pruth  Valleys;  whereas  from  the  highlands  of  the  Transyl- 
vanian Alps  the  country  drops  abruptly  to  the  level  plains  of  the 
lower  Danube  Basin.  The  mountainous  regions  are  well  covered 
with  forests,  interspersed  with  pastures  and  meadowlands.  These 
mountainous  and  hill  districts  are  so  densely  populated  that  all  land 
that  can  be  productively  cultivated  is  put  into  field  crops. 

Between  the  Sereth  and  the  Pruth  Rivers  the  country  is  character- 
ized by  broad  low  plateaus  and  fairly  level  or  gently  sloping  river  val- 
leys. Formerly  great  estates  occupied  these  plateaus  and  vaUeys, 
whereas  the  peasants'  meager  holdings  were  crowded  upon  the  hill 
sides  in  the  form  of  long,  narrow  strips  of  land  connecting  the  rich 
fields  above  with  the  more  fertile  soils  below. 

From  the  banks  of  the  Danube  River  a  broad,  level,  sparsely 
populated  plain  stretches  away  to  the  north  to  the  foothills  of  the 
Transylvanian  Alps.  This  was  the  chief  cereal-surplus  region  of  the 
old  Kingdom.  Between  the  Danube  River  and  the  Black  Sea 
stretches  another  fertile  plain,  the  Dobruia. 

There  were  84  departments  in  the  old  Kingdom  of  Rumania, 
and  before  the  war  82  of  these  departments  produced  greater  or  less 
surpluses  of  wheat. 

The  climate  of  the  old  Kingdom  of  Rumania  is  strictly  continental. 
According  to  records  taken  before  the  World  War,  rainfall,  which  is 

•  By  the  treaty  of  Bucharest  on  Aug.  7, 1913,  Bulgaria  ceded  to  Rumania  the  departments  later  named 
Durostor  and  Caliacra,  now  constituting  south  Dobruja,  with  an  area  of  2,983  square  miles,  according  to 
Rumanian  statistics,  and  2,971  square  miles,  according  to  Annuaire  Statistique  du  Royaume  de  Bulgarie, 
1923-24.  This  places  the  total  area  of  Rumania  at  the  outbreak  of  the  World  War  at  between  63,231  and 
53,243  square  miiles. 
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well  distributed  throughout  the  year,  averaged  about  23.5  inches. 
This,  coupled  with  the  fact  that  the  soil  of  most  of  the  departments  is 
a  rich,  deep  loess,  similar  to  that  of  Iowa  and  Illinois,  particularly 
adapts  the  whole  region  to  winter-wheat  production.  The  years 
1912  and  1922  were  unusual,  but,  excepting  in  these  two  years,  the 
ranges  in  precipitation  during  the  pre-war  and  post-war  years  have 
been  about  the  same. 

The  lands  under  plow  during  1909-1913  averaged  44.3  per  cent  of 
the  total  area  of  the  country.  The  percentage  of  productive  land, 
including  forests,  meadows,  and  pastures  was  86.4  per  cent. 

Before  the  World  War  the  old  Kingdom  of  Rumania  was,  in  pro- 
portion to  its  net  production,  one  of  the  heaviest  cereal-exporting 
countries  in  the  world.  During  the  five  years  ended  1913,  Rumania 
exported  an  average  of  72.1  per  cent  of  its  wheat  crop,  77.6  per  cent  of 
its  rye,  78.6  per  cent  of  its  barley,  41.1  per  cent  of  its  oats,  and  39.1 
per  cent  of  its  corn.  It  was  thus  no  inconsiderable  competitor  of  the 
United  States  in  the  grain  markets  of  western  Europe. 

By  the  treaty  of  Trianon,  Rumania  acquired  to  the  north  the 
former  Austrian  Province  of  Bukovina  and  obtained  from  Hungary 
the  region  of  "Seven-Mountains"  (also  called  Transylvania)  and 
parts  of  Maramuresh,  Crisana,  and  the  Banat.  In  the  organization 
of  Greater  Rumania,  all  of  these  former  Hungarian  Provinces  have 
been  combined  to  form  a  single  administrative  district,  to  which  has 
been  given  the  name  Transylvania. 

The  Seven  Mountain  district  is  heavily  wooded,  38.4  per  cent  of  its 
area  having  been  imder  forests  in  1913,  whereas  only  27.4  per  cent 
was  under  plow.  Natural  meadows  and  pastures  constituted  28.4 
per  cent  of  the  total  area,  so  that  grazing  and  animal  industry  are 
naturally  important  branches  of  the  agriculture  of  this  region.  This 
is  an  industrial  region,  with  lumbering,  mining,  and  some  manu- 
facturing as  the  leading  occupations.  Agriculture  occupied  a  sub- 
ordinate position  before  the  World  War  on  accoimt  of  the  mountainous 
and  wooded  character  of  the  country. 

The  topography  of  the  region,  including  "Seven  Mountain  dis- 
trict," Maramuresh,  and  Satmar  to  the  north,  may  be  Ukened  to  a 
handleless  scoop  with  the  open  end  toward  the  west.  The  Car- 
pathian Mountains  form  the  northern  and  eastern  rim,  which  is 
continued  on  the  south  by  the  Transylvanian  Alps.  The  floor  of  this 
scoop,  a  plateau  averaging  from  1,000  to  1,600  feet  in  altitude,  is 
much  broken  by  mountain  peaks  and  canyons  interspersed  with 
fertile  valleys  and  a  central  plain.  The  Maros,  Olt,  Szamos,  and  other 
rivers  that  drain  the  central  plateau,  flow  into  the  Danube  or  into  its 
tributary,  the  Tisza.  The  region  as  a  whole  is  one  of  deficit-cereal 
production. 

At  the  mouth  of  the  "scoop"  He  the  agriculturally  rich  districts 
of  Crisana  and  Temish-Torontal  (central  Banat). ^  These  districts 
which  he  on  the  eastern  margin  of  the  Alfold,  the  great  Himgarian 
plain,  produced  large  surpluses  of  all  agricultural  products  before  the 
World  War.  The  eastern  part  of  the  Banat,  called  Caras  Severin,  is 
similar  in  character  to  the  Seven  Mountain  district  and  Maramuresh. 

The  present  administrative  district  of  Transylvania,  which  includes 
all  of  these  former  Hungarian  territories,  is  a  portion  of  the  upper 

» Hungary  ceded  the  western  portion  of  the  Banat  to  Yugoslavia. 
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Danube  Basin  and  has  a  climate  which  is  more  closely  associated  with 
that  of  Hungary  than  with  that  of  the  old  Kingdom  of  Rumania. 
On  the  whole,  before  the  war,  the  present  district  of  Transylvania 
produced  an  appreciable  surplus  of  each  of  the  four  cereals — rye, 
wheat,  oats,  and  corn.  Barley,  equivalent  to  31.4  per  cent  of  the  net 
production,  had  to  be  imported  each  year.  On  the  other  hand,  after 
satisfying  the  requirements  of  the  Seven  Mountain  district  and  of 
Maramuresh  and  Carash  Severin,  the  production  of  Crisana  and 
Temish-Torontal  would  have  been  sufficient  to  supply  an  exportable 
surplus  of  rye  equivalent  to  20.2  per  cent  of  the  net  production  of  the 
entire  administrative  district.  In  similar  comparison,  the  exportable 
surplus  of  wheat  was  equivalent  to  17.4  per  cent;  oats,  15.4  per  cent; 
and  corn,  3.1  per  cent  of  the  net  production. 

The  Bukovina  (the  woodlands)  contained  before  the  war  43.2  pei 
centj  of  forest  lands  as  contrasted  \vith  30  per  cent  of  the  total  area 
under  plow.  The  farm  lands  are  located  in  the  eastern  part  of  the 
Province  in  the  valleys  of  the  Pruth,  the  Sereth,  and  Dniester  Rivers. 
Rainfall  averaged  about  25  inches.  Before  the  World  War  this 
territory  produced  a  surplus  of  oats  equivalent  to  87.2  per  cent  of  its 
net  production  and  a  surplus  of  rye  equivalent  to  21.1  per  cent.  On 
the  other  hand,  rather  large  shipments  of  com  and  barley  were 
required  to  balance  local  deficits,  whereas  the  wheat  deficit  was  more 
than  twice  as  great  as  local  production. 

Bessarabia,  annexed  by  Rumania  from  Russia  in  1920  ^°  forms 
the  western  extremity  of  the  Russian  steppe  to  which  it  is  similar  in 
characteristics  of  soil  and  climate.  It  is  a  narrow  territory  between 
the  rivers  Pruth  and  Dniester,  extending  from  Bukovina  to  the 
Black  Sea.  In  the  northern  part  rainfall  is  considerable,  24.5  inches, 
diminishing  toward  the  south  until  in  Cetatea  Alba  it  averages 
only  about  10.3  inches  annually.  The  Province  is  highly  agricul- 
tural, 61.8  per  cent  of  its  area  ha\dng  been  under  plow  before  the 
World  War.  Its  broad  fertile  plateaus  and  rolUng  plains  are  little 
broken  by  woods  or  pastures.  On  an  average,  only  5.7  per  cent  of 
the  area  was  under  standing  timber  and  13.5  per  cent  was  grazing 
lands  during  1909-1913.  This  was  a  region  of  surplus  production 
from  which  about  53.8  per  cent  of  the  wheat,  62.9  per  cent  of  the  rye, 
67.7  per  cent  of  the  barley,  28.1  per  cent  of  the  oats,  and  72.1  per 
cent  of  the  corn  found  its  way  annually  into  external  commerce. 

The  total  area  of  Greater  Rumania  is  113,900  square  miles,  or 
about  the  size  of  the  State  of  Arizona.  Greater  Rumania  is  more 
than  double  the  size  of  the  old  Kingdom  of  Rumania.  Not  only 
that,  and  what  is  more  significant,  the  areas  which  can  be  seeded  to 
field  crops  are  more  than  twice  as  great  as  the  areas  that  formerly 
producea  the  great  exportable  surpluses  of  cereals  of  the  old  King- 
dom.    (Table  3.) 

"  The  question  of  Bessarabia  has  been  for  many  years  a  matter  of  contention  between  Rumania  and 
the  Union  of  Socialistic  Soviet  Republics.  ...  A  treaty  providing  for  Rumanian  suzerainty  over  Bes- 
sarabia was  signed  after  prolonged  negotiations  on  Oct.  28,  1920,  by  France,  England,  Italy,  and  Rumania, 
and  later  by  representatives  of  Japan  and  the  British  Dominions.  This  treaty  as  to  cession  of  Bessarabia 
was  not  signed  by  representatives  of  the  United  States  UJ,  p.  4). 
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Table  3. — Utilization  of  land  in  the  districts  of  present  Rumania  before  the  World 
War,  in  1924,  and  in  1925 


UtUization 


Plowland: 

Cereals 

Leguminous  plants. 
Industrial  plant?-. - 
Roots,  tubers,  etc. . 

Vegetables 

Forage  plants 

Other  plants 

Fallow.. 


Old 
King 
dom  of 
Ru- 
ma- 
nia! 


1,000 
acres 
12,  581 
132 
285 
61 
60 
401 


111.  514 


Total n5,034 


All  land: 

Plowland 

Meadows 

Pastures 

Gardens  and  orchards . . 

Vineyards 

Forests 

Unproductive  and  not 
otherwise  classified . . . 


Total,  all  land 632, 167  21  1,909  625, 235 


15, 034 
980 

1  2, 914 
180 
216 

*  5, 640 

20  7,  203 


Duros- 
tor 
and 

Calia- 
cra2 


1,000 
acres 
683 
60 


Tran 

syl- 

vania  3 


(') 


11280 


1,000 

acres 

6,33( 

15 

84 

294 

(10) 

6 
73 
1,111 


1, 095     8,  581 


1,095 

4 

"190 

(«) 

18  589 
2022 


Bessa-  \  Buko- 
rabia  *  vina  ' 


1,000 
acres 
8  6,061 

461 
128 

50 


1,000 

acres 

480 

36 

20 

115 

1 

103 


11  419 


Greater  Rumania 


Before  the 
War 


Total 


1,000 

acres 

26, 141 

289 

520 

520 

76 

1,307 

73 

3,342 


,785         733   32,268 


Per- 
cent 
age  of 
total 


1924  6 


Total 


Per  1,000 
cent  acres 
81. 0  25, 230 


.9 
1.6 
1.6| 

.2 
4.  ll 

.2. 
10.41 


100.  0  28, 989 


8,  581     6,  785 
12  3,  388 
12  3, 166  15  1,  297 


16  511 

16  79 

19  8,  848 

20  662 


(") 


45 


773 

13  326 

13319 

13  20 

13  0 


626  13  1, 115 

2,  038       20  27 


32, 268 

4,884 

7,886 

711 

349 

16, 818 

9,952 


44.  3  28, 989 
6.7i  3,510 

10.8  7,062 
1. 0;  596 
.  5i      603 

23.117,894 

13.614,214 


Per- 
cent- 
age of 
total 


19257 


Total 


Per    1,000 

cent     acres 

87.  0,25,  875 

1.0 


823 

m 

227 
1,412 


Per- 
cent- 
age of 
total 


Per 

cent 

85.3 

1.3 

2.7 

2.0 

.8 

4.7 


2. 9       968       3. 2 

1 


100.0,30,318    100.0 


610, 977  6  2,  580j  72, 868    100.  0j72, 868    100.  0  72, 868   100.  0 


24.1 
19.5 


30,  318 
3,614 
7,058 

655 

692 

17, 894 

12,  637 


41.6 
5.0 
9.7 


24.1 


From  (81)  except  where  noted. 
Calculated  from  (9)  except  where  noted. 
Calculated  from  (16)  except  where  noted. 
(2S  pp.  11,12). 
Calculated  from  {1),  except  where  noted. 


1 1909-1913  average. 
2 1909-1912  average. 
3 1909-1913  average. 
<  1909-1913  average. 
« 1909-1913  average. 

6  (36,  pp.  38-39). 

7  (33,  p.  11). 

8  (39,  Ann.  10,  p.  16). 
*  Less  than  500  acres. 

16  Included  with  other  plants. 

11  Adjusted  to  balance  total  plowland;  includes  other  plants  not  separately  stated. 

12  Estimated  by  assuming  that  meadows  and  pastures  are  the  same  proportion  to  forests  as  in  the  Seven 
Mountain  district,  as  given  in  (IS,  1913) . 

13  (27,  1921.  p.  69). 

1*  Estimated  by  assuming  that  pastures  are  in  the  same  proportion  to  forests  as  in  total  Bulgaria  (8, 
Ann.  4,  p.  127). 

15  Estimated. 

16  Estimated  by  assuming  that  "gardens  and  orchards,"  and  "vineyards"  are  in  the  same  proportion  to 
plowland  as  in  the  Seven  Mountain  district. 

1^  Included  in  "not  otherwise  classified." 

18  For  1908  only.     Calculated  from  (8,  Ann.  4,  p.  176). 

19  For  1912  only.    Calculated  ffom  (15,  [Bd.]  20,  pp.  154-I66). 
26  Adjusted  to  balance  total. 

21  (36, 1924).    Annuaire  Statistique  du  Royaume  de  Bulgarie  (8)  gives  1,901,000  acres. 


UTILIZATION  OF  LAND 


Greater  Rumania  is  not  only  an  agricultural  State  but  is  a  country 
particularly  well  adapted  to  cereal  production;  88  per  cent  of  the 
plowlands  were  seeded  to  food  and  fodder  crops  before  the  World 
War,  and  94.1  per  cent  in  1925.^^ 


11  Table  3  shows  that  the  1925  area  classified  as  plowlands  is  1,950,000  acres  less  than  that  before  the  war 
and  that  fallow  lands  are  2,374,000  acres  loss.  1  hese  differences  are  undoubtedly  attributable,  to  a  large 
degree,  to  the  fact  that  the  present  statistical  organization  classifies  fallow  land  somewhat  differently  than 
did  the  former  Hungarian,  Austrian,  and  Russian  organizations.  Increases  in  unproductive  land  and 
forests  as  well  as  decreases  in  meadows  and  pastures  may  be  accounted  for  in  the  same  manner. 
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There  were  29,350,000  acres  reported  to  be  under  field  crops  in 
1925,  as  compared  with  28,926,000  before  the  World  War.  However, 
other  field  crops  had  encroached  somewhat  upon  cereal  areas  which, 
in  1925,  were  about  266,000  acres  lower  than  the  1909-1913  average. 

Contrasting  the  pre-war  conditions  of  Greater  Rumania  with 
those  of  the  old  Kingdom  it  is  seen  that  in  the  old  Kingdom  46.7 
per  cent  of  the  total  area  was  plowland,  whereas  in  the  territories 
comprising  Greater  Rumania  approximately  44.3  per  cent  of  the 
total  area,  on  the  average,  was  under  the  plow  before  the  World 
War.  The  average  pre-war  areas  of  meadows,  pastures,  and  forests 
were  over  three  times  as  great  within  the  boundaries  of  Greater 
Rumania  as  within  the  boundaries  of  the  old  Kingdom. 

As  far  as  soil  and  other  natural  conditions  are  concerned,  the  agri- 
cultural potentialities  of  greater  Rumania  are  more  than  double 
those  of  the  old  Kingdom. 

The  loss  of  life  during  the  World  War  fell  heavily  upon  the  male 
farm  population,  and  it  is  probable  that  in  Rumania,  as  in  other 
lands,  the  cities  have  recovered  their  population  at  a  more  rapid  rate 
than  have  the  rural  communities  and  that,  as  in  France,  there  has 
been  a  drift  away  from  the  farm,  with  a  somewhat  greater  percentage 
of  the  total  population  living  in  cities  than  was  the  case  before  the  war. 

POPULATION 

In  the  old  Kingdom  of  Rumania,  before  the  World  War,  82.8  per 
cent  of  the  population  lived  in  small  rural  communities,  whereas  17.2 
per  cent  lived  in  cities.  As  indicated  in  Table  4,  the  percentage  of 
urban  population  in  Greater  Rumania  in  1923  was  probably  consid- 
erably greater  than  was  the  case  in  the  same  territory  before  the 
World  War,  and  greater  than  in  the  old  Kingdom.  This  fact  signifies 
that  the  proportion  of  bread  consumers  to  bread  producers  has  been 
considerably  increased. 


Table  4.- 


-Population  in  the  old  Kingdom  of  Rumania  and  in  the  acquired  terri- 
tories before  the  World  War  and  in  Greater  Rumania,  1923 


PRE-WAR  POPULATION 


Region 

Year 

Urban 

Rural 

Total 

Percen^ 
age  urban 

Old  TTingdOTTi  of  RiiTnnniA 

1 1909-1913 
»1910 
71911 
•1910 
11 1910 

Number 
1,  221,  221 
678,  423 
346, 138 
176,256 
51,009 

Number 
5,878,903 
4,570,099 
2, 144, 062 
628,566 
229,261 

Number 
7, 100. 124 
5,248,522 
2,490,200 
804,822 
280,270 

Per  cent 
17.2 

Transylvania ._ 

12.9 

Bessarabia 

13.9 

Bukovina                          ..         .      ..  ._ 

21.9 

Durostor  and  Caliacra 

1&2 

Total  Greater  Rumania 

2,473,047 

13,450,891 

15,923,938 

15.5 

1  Total  population  (55,  WH,  p.  10).    Urban  and  rural  population  estimated  by  taking  the  same  per- 
centage of  total  as  that  given  for  1910  in  (86,  19it,  p.  28). 


HS6,  1922,  p.  Jf7.) 


population  from  Yurojai  (S8,  pt.  I,  p.  65).  Urban  and  rural  population  estimated  by  taking 
the  same  percentage  of  total  as  that  given  for  1908  in  (S6, 1922,  p.  26). 

*  Total  population  (86,  192S,  p.  IS).  Urban  and  rural  estimated  by  taking  the  same  percentage  of  total 
as  that  given  for  1919  (S6,  1924,  P-H)- 

11  Total  population  calculated  ftom  (8).  Urban  and  rural  estimated  by  taking  the  same  percentage  of 
total  as  that  given  for  1916  in  {?6, 1924,  p.  /4). 
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Table  4. — Population  in  the  old  Kingdom  of  Rumania  and  in  the  acquired  terri- 
tories before  the  World  War  and  in  Greater  Rumania,  1923 — Continued 

POST-WAR  POPULATION 


Region 

Year 

Urban 

Rural 

Total 

Percent- 
age urban 

Old  Kingdom  of  Rumania 

1923 
6  1923 
8  1923 
10  1923 

(12) 

Number 
2  1,921.094 

1,  Oil,  616 
432, 733 
178,  408 

Number 

'  5, 474, 192 

4, 476, 350 

2,  578,  323 

663,  567 

Number 

*  7, 395,  286 

5,  487, 966 

3,011,056 

841, 975 

Per  cent 
26.0 

Transylvania. 

18  4 

Bessarabia  

14  4 

Bnkovina 

21.2 

Durostor  and  Caliacra 

Total  Greater  Rumania 

1923 

3,  543,  851 

13, 192,  432 

16,736,283 

21.2 

>  Latest  estimate  for  Bucharest  is  800,000  for  1922,  as  given  in  (S6,  1924,  P-  i7);  other  cities  for  1912  and 
1915,  as  given  in  (36,  1925,  p.  18),  1,121,094. 

*  By  difference. 

«  Total  population  of  Greater  Rumania,  1923,  as  given  in  {36, 1924,  P- 10)  less  sum  of  estimated  populations 
in  the  other  three  departments. 

6  {36,  1925,  p.  17.) 

8  Population  in  1922  from  (36,  1925,  p.  16),  plus  excess  of  births  over  deaths  in  1923;  rural  50,573,  urban 
3,549,  from  {37,  p.  72). 

10  Population  for  1919  from  (36  1925,  p.  15),  plus  excess  births  over  deaths  during  1920  to  1923;  rural  27,382, 
urban  2,872,  as  given  in  {37,  p.  72). 

"  Included  in  the  old  Kingdom  of  Rumania. 

There  were  86  cities  in  the  old  Kingdom  of  Rumania.  The  metrop- 
olis was  Bucharest  with  347,933  ^^  inhabitants,  according  to  the 
official  census  of  1915.  There  were  10  other  cities  in  the  old  Kingdom 
with  populations  of  over  25,000  each.  The  metropolis  of  Bessarabia 
is  Chisinau,  with  a  population  in  1922  of  133,000;  that  of  Transylvania 
is  Cluj,  with  a  population  of  105,000  in  1923.  In  Bukovina  there 
was  only  one  large  city,  Cernauti,  with  91,852  inhabitants  in  1919. 
There  were  5  cities  in  Bessarabia  and  9  cities  in  Transylvania  (other 
than  the  capitals)  each  with  more  than  25,000  inhabitants  in  1922 
and  1923. 

The  nonagricultural  population  was  found  for  the  most  part  in  the 
oil  districts,  in  the  forest  regions,  at  mines,  at  certain  manufacturing 
centers,  and  in  the  large  cities.  Even  on  the  outsldrts  of  large  cities 
a  considerable  number  of  farmers  had  their  homes  and  went  out 
long  distances  to  work  their  fields.  In  some  of  the  departments  of 
Bessarabia  and  the  other  acquired  territories  a  considerable  portion 
of  the  population  of  towns  as  large  as  30,000  is  directly  engaged  in 
field-crop  cultivation. 

It  therefore  is  not  possible  to  make  a  classification  of  the  population 
of  Rumania  into  agricultural  and  nonagricultural,  on  the  basis  of  the 
size  of  the  community  in  which  they  live.  Since  it  is  probable  that 
more  farming  peasants  live  in  large  towns  than  nonfarmers  in  small 
communities,  it  is  safe  to  estimate  that  more  than  80  per  cent  of  the 
population  of  Greater  Rumania  is  directly  engaged  in  agriculture. 

THE  FARMING  PEASANTS 

When  slavery  became  prevalent  in  the  Italian  Peninsula  in  the 
early  centuries  of  the  Christian  Era,  the  native  farmers,  unable  to 
compete  with  slave  labor,  migrated  to  the  towns  or  sought  new  homes 
in  the  virgin  regions  on  the  outsldrts  of  the  Roman  Empire.  Large 
colonies  of  these  Roman  farmers  settled  in  the  valley  of  the  Danube, 
where  they  intermingled  with  the  local  Dacian  and  other  tribes. 


"  The  probable  population  of  Bucharest  in  1922  has  been  estimated  at  800,000.    {36, 1924.) 
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The  ancient  Province  occupied  by  this  mixture  of  Romans  and 
Dacians  included  much  of  the  present  administrative  district  of 
Transylvania  north  of  the  Transylvanian  Mountains,  crossed  the 
Carpathians,  and  extended  east  to  the  Dniester  River.  The  ruins 
of  the  old  wall  built  by  the  Emperor  Trajan  to  keep  back  the  bar- 
baric hords  of  the  Russian  Steppe  runs  diagonallv  across  southern 
Bessarabia  to  the  river  Pruth.  The  colonists  had  always  been 
harrassed  by  the  nomads  on  the  east,  who  pressed  them  up  into  the 
Carpatliian  foothills  at  the  downfall  of  the  Roman  Empire. 

With  the  coming  of  the  Magyars  in  the  ninth  century  the  Roman- 
Dacians  were  forced  up  into  the  highlands  to  the  north  of  the  Tran- 
sylvanian Alps  and  west  of  the  Carpathians,  and  this  region  remained 
under  Magyar  rule  for  more  than  a  thousand  years.  In  the  thir- 
teenth and  fourteenth  centuries  Rumanian  princes  with  adventurous 
bands  emerged  from  their  mountain  retreats  and  battled  their  way 
eastward  and  southward  against  the  steppe  nomads  until  they 
finally  estabhshed  the  independent  principalities  of  Moldavia, 
Oltenia,  and  Munteniei.  With  the  coming  of  the  Turks  they  were 
again  driven  up  into  the  southern  slopes  of  the  Transylvanian  Alps. 

For  these  reasons  the  mountainous  districts  of  Rumania  are  densely 
populated,  whereas  in  the  plains  regions  the  population  is  compara- 
tively sparse.  Under  conditions  of  almost  constant  warfare  for 
centuries  it  was  difficult  to  cultivate  the  plains  regions  along  the 
Danube,  which  were  given  over  largely  to  grazing  in  the  intermit- 
tent times  of  peace.  Agriculture  of  any  kind  was  possible  only 
under  the  protection  of  some  war  lord. 

The  peasantry  of  Greater  Rumania  is  thus  made  up  of  the  descen- 
dants of  those  who  during  past  ages  had  been  the  fighting  men  col- 
lected around  one  or  another  of  the  great  overlords  or  voivodes. 
In  return  for  his  protection  to  their  families,  these  common  men 
were  accustomed  to  place  themselves  at  the  overlord's  disposal  in 
times  of  war.  In  times  of  peace  the  fighting  farmers  tilled  the  soil; 
but  since  such  times  of  peace  were  infrequent,  most  of  the  farm 
work  fell  to  the  lot  of  the  women  and  children,  and  this  has  remained 
a  characteristic  of  present-day  conditions  in  Rumanian  agriculture. 
In  return  for  his  protection  the  overlord  received  a  share — often  the 
greater  share — of  all  farm  products  grown  within  the  domains  over 
which  he  had  jurisdiction. 

From  time  to  time,  according  to  the  fortunes  of  war,  the  overlords 
were  destroyed,  or  they  changed  their  allegiance  and  intermarried 
with  conquering  races,  so  that  at  the  outbreak  of  the  World  War 
the  blood  of  the  nobiUtv  was  different  from  and  often  alien  to  that 
of  the  local  peasantry.^^  As  time  went  on,  these  workers'  families 
became  more  or  less  attached  to  the  soil  as  the  serfs  of  one  or  another 
of  the  great  domains.  A  few  of  them  acquired  small  plots  of  ground, 
but  the  greater  number  were  practically  slaves. 

About  1864  the  serfs  of  most  southeastern  European  countries 
were  freed,  and  each  estate  owner  was  obliged  to  place  a  certain 
area  of  land  at  the  disposal  of  his  peasants.  Naturally  he  retained 
the  best  fields  for  his  own  use  and  turned  over  to  his  peasants  the 
poorest  lands  that  they  could  be  induced  to  accept. 

"  At  the  opening  of  the  World  War  the  overlords  of  the  old  Kingdom  of  Rumania  were  a  mixture  of 
Rumanian  and  several  other  races;  in  Transylvania  they  were  largely  Hungarian;  in  Bukovina  tLey  were 
largely  Austrian;  and  in  Bessarabia  they  were  Russian,  Polish,  and  Rumanian. 
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VILLAGES  AND  ESTATES 

Almost  without  exception  the  farming  peasants  of  Greater  Rumania 
live  in  village  communities.  Each  of  these  communities  consists  of 
a  large  or  small  group  of  huts,  usually  situated  in  a  ravine  in  proximity 
to  water.  The  fields  of  the  peasants  are  usually  located  at  a  consider- 
able distance  from  the  village,  which  lies  in  broken  ground  surrounded 
by  the  pasture  lands,  held  as  common  village  property.  The  fields 
belonging  to  any  one  peasant  are  seldom  consolidated  into  a  farm, 
according  to  the  American  system,  but  one  field  may  lie  as  far  as 
10  miles  from  the  community  center,  whereas  another  may  lie  several 
miles  away  in  a  totally  different  direction.  The  waste  in  time  spent 
going  to  and  from  work  is  enormous. 

In  the  river  valleys  and  on  the  plains  along  the  Danube  the  char- 
acter of  the  soil  on  the  various  plots  belonging  to  any  individual 
family  might  not  vary  greatly  from  those  of  their  neighbors,  but  in 
the  foothills  of  the  Carpathian  and  Transylvanian  Mountains  the 
land  was  parceled  into  narrow  strips,  and  these  strips  universally 
extend  uphill,  the  soil  at  the  top  being  much  poorer  than  the  soil  at 
the  bottom.  Not  only  that,  but  whenever  the  peasant  was  rich 
enough  to  own  a  plow  he  invariably  plowed  up  and  down  hill  and 
finished  his  dead  furrow  in  the  middle  line  of  his  strip.  After  genera- 
tions of  this  practice  such  a  strip  of  land  became  higher  at  the  margins 
than  in  the  middle,  which  was  often  a  barren  gully  on  account  of 
erosion.  The  strips  of  peasant  lands  are  usually  only  a  few  yards 
wide  and  perhaps  a  hundred  yards  or  more  in  length.  They  are 
usually  located  on  the  rougher  ground  and  appear  like  a  ragged 
fringe  on  the  outskirts  of  some  large  estate. 

In  the  foothills  and  roUing  country  the  large  estates  occupied  the 
plateaus  and  valleys,  whereas  the  peasant  fields  were  crowded  upon 
the  surrounding  hillsides.  These  large  estates,  in  sharp  contrast  to 
the  scattered  strips  of  peasant  lands,  comprised  broad  and  fairly 
level  fields  consohdated  conveniently  about  a  centrally  located  group 
of  farm  buildings. 

In  Bessarabia,  Bukovina,  and  Transylvania  the  estate  was  often 
owned  and  operated  by  a  family  of  different  blood  from  that  of  the 
peasants  in  the  neighboring  village.  The  mother  tongue  was  differ- 
ent and  the  outlook  on  Hfe  wholly  unhke.  The  peasantry  often 
looked  upon  the  landlords  as  aliens  and  the  landlords  frequently 
treated  the  peasants  as  members  of  an  inferior,  if  not  a  conquered 
race. 

The  large  estates  in  all  the  districts  that  now  form  Greater  Rumania 
were  usually  operated  under  efficient  management  upon  much  the 
same  principles  as  would  be  the  case  in  Germany  or  France.  The 
seed  bed  was  carefully  prepared  in  season,  well-thought-out  systems 
of  crop  rotation  were  employed,  improved  varieties  of  seed  were  used, 
the  poorer  soils  were  fertilized,  and  modern  machinery  was  employed 
to  a  large  extent,  although  at  the  beginning  of  the  World  War  much 
grain  was  still  harvested  with  a  sickle.  In  regions  of  uncertain  rainfall 
the  most  approved  methods  of  moisture  conservation  were  employed. 
Small  grains  were  sometimes  planted  in  rows  with  intervening  spaces 
of  sufficient  width  to  admit  surface  tillage  during  the  growing  period. 
On  the  whole  the  large  estates  were  operated  upon  a  scientific  basis 
that  was  more  or  less  up  to  date. 
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On  the  other  hand  the  size  and  topography  of  the  peasant's  fields 
did  not  permit  him  to  use  machinery  except  of  the  simplest  type. 
The  methods  he  employed  were  primitive,  often  dating  back  2,000 
years,  to  the  time  the  country  had  been  settled  by  emigrating  farmers 
from  Rome.  In  many  localities  these  methods  had  undergone  Uttle 
change  during  the  2,000  intervening  years. 

HOLIDAYS  AND  INDUSTRY 

The  Rumanian  peasant  is  not  industrially  or  commercially  inclined. 
Serban  says:  ''The  gypsy  works  only  under  stress  of  hunger;  the 
Rumanian  only  from  need;  the  Hungarian  for  a  peaceful  life;  the 
Slovak  and  the  German  for  profit"  (40  p.  60).^  National  holidays 
play  an  important  r61e.  According  to  Doctor  Busuiocescu  (13)  (as  quoted 
by  Serban)  (40,  p.  8, 60)  there  are  only  257  workdays  a  year  in  Rumania, 
as  there  are  56  workless  hohdays  m  addition  to  52  Sundays.  The 
frequency  of  national  holidays,  upon  which  no  work  is  done,  is  very 
significant  to  farming,  because  certain  field  work  should  be  done  at  a 
certain  time  and  the  interposition  of  a  series  of  holidays  at  a  critical 
period  in  planting  or  harvesting  time  may  have  a  serious  effect  upon 
production.  There  is  a  series  of  hohdays  at  corn-planting  time 
which  seriously  retards  spring  work  at  a  critical  period.  Other 
holidays  at  harvest  time  cause  all  work  to  cease  even  though  the 
condition  of  the  crop  or  the  weather  may  demand  that  the  grain  be 
speedily  cared  for. 

In  Rumania,  there  are  108  days  during  which  the  peasant  feels  that 
he  is  obligated  to  do  no  work.  Winter  cuts  down  the  number  of 
workdays  materially;  weather  conditions  further  reduce  the  work 
period.  It  is  probable  that  in  Rumania,  as  in  Serbia,  the  peasant 
IS  engaged  not  more  than  75  to  80  days  in  actual  field  work.  The 
remainder  of  his  time  is  spent  in  meditation  and  "pottering  around." 

PRE-WAR  CONDITION  OF  THE  PEASANTS 

G.  Jonescu-Sisesti,  the  director  of  agriculture  at  Bucharest,  in  1912, 
wrote  as  follows  in  Rumaniens  Bauerliche  Landwirtschaft  (19) : 

When  the  peasants  were  "freed"  in  1864  each  was  given  the  right  to  purchase 
a  small  plot  of  land,  but  they  did  not  receive  enough  acreage  to  support  their 
families  and  at  the  same  time  to  meet  the  installments  on  the  cost  of  their  holdings. 
They  were,  therefore,  obliged  to  turn  again  to  the  landlord  and  either  rent  from 
him  additional  )and  or  work  for  him  on  shares  or  for  a  wage.  As  a  part  of  the 
compensation  for  the  liberation  of  their  serfs  the  landlords  had  been  given  at  that 
time  a  clear  title  to  the  lands  which  they  had  formerly  held  as  tenants  of  the  State. 
The  new  landlords  desired  that  the  peasants  should  work  for  a  wage^^  but  they 
themselves  had  little  capital,  little  machinery,  and  little  livestock.  They  could 
not  farm  at  all  without  the  help  of  the  peasant,  his  animals,  his  plows  and  wagons, 
80  in  the  very  beginning  of  this  new  agricultural  system  the  interests  of  the  land- 
lords and  the  peasants  were  set  in  opposition. 

The  relationships  between  the  peasants  and  the  landlords  became  very  com- 
plicated and  many  curious  systems  developed;  for  example,  first,  in  his  need,  the 
peasant  often  had  to  borrow  money  from  the  landlord  as  an  advance  against 
his  summer  wages,  in  which  case  he  became  virtually  the  slave  of  the  landlord; 
second,  when  the  peasant  did  not  have  cash  to  pay  a  rental  the  lord  charged  the 
highest  possible  rate;  third,  if  the  peasant  paid  his  rent  with  labor  the  rent  price 
was  placed  too  high  and  his  wages  too  low;  fourth,  when  the  landlord  let  land  on 
shares  not  only  would  he  take,  by  agreement,  from  one-half  to  one-third  of  the 
crop  but  the  peasant  must  also  do  a  certain  amount  of  work  on  the  lord's  other 
fields;  fifth,  the  peasant  was  often  granted  the  right  to  work  a  certain  piece  of 
land,  taking  all  the  yield,  on  the  condition  that  he  work  an  equal  piece  for  the 
landlord.     In  such  cases  the  peasftut's  plot  was  undersized  and  the  landlord's 
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was  oversized.  In  all  cases  the  peasant  was  obliged  to  do  the  landlord's  work 
first  and  his  own  when  he  could.  If  the  peasant  refused  to  do  the  work  required 
by  the  landlord,  he  was  frequently  forced  to  do  so  by  the  State  as  though  it  had 
been  military  service,  or,  as  a  penalty,  he  was  not  allowed  to  use  the  roads  that 
passed  through  the  estate  to  haul  his  crops  to  market.  Often  these  roads  were 
the  only  ones  in  the  vicinity.  In  other  cases  the  peasants  were  not  allowed  to 
use  the  footpaths  across  the  fields  of  the  estate.  When  they  complained,  laborers 
were  brought  in  from  Russia,  Bulgaria,  and  Serbia  until  the  peasants  were  forced 
by  hunger  to  make  terms.  Pasture  lands  remained  in  the  hands  of  the  estate 
owners,  as  did  also  the  watering  places.  The  peasant  was  not  allowed  to  pasture 
his  stock  without  paying  with  both  work  and  money. 

This  condition  was  responsible  for  the  peasant  uprising  in  1907.  At  this 
time  several  reforms  were  instituted:  The  villages  bought  the  pasture  lands  to 
be  held  in  common,  and  the  rural  bank  was  reorganized  for  the  purpose  of  extend- 
ing credit  to  the  peasant.  These  reforms,  however,  did  not  include  any  additional 
grants  of  land;  the  peasants  were  still  obliged  to  depend  upon  the  landlords  as 
before;  so  that  the  old  abuses  were  soon  resumed.  It  was  not  until  1918,  near  the 
close  of  the  World  War,  that  a  genuine  land  reform  was  put  into  effect. 

Similar  conditions  in  Russia  led  to  the  peasant  uprising  in  Bes- 
sarabia in  1905.  There  are  no  records  of  conditions  in  Transylvania 
and  Bukovina;  but  when  the  protection  of  the  Hungarian  and  Aus- 
trian Armies  was  withdrawn  at  the  close  of  the  World  War  a  large 
number  of  estate  owners,  whose  famihes  had  held  their  land  for 
many  generations,  abandoned  their  holdings  and  fled  to  Budapest 
or  Vienna. 

LAND  TENURE 

The  total  area  of  the  old  Eangdom  of  Rumania  in  1909-1913, 
before  the  treaty  of  Bucharest  at  the  end  of  the  Balkan  War,  was 
32,167,000  acres,  of  which  1,995,000  acres  were  covered  by  water  and 
5,208,000  acres  were  nonagricultural  lands,  including  mountains, 
waste  lands,  cities,  towns,  roads,  etc.  The  total  productive  area  was 
therefore  24,964,000  acres,  of  which  5,640,000  acres  were  under  stand- 
ing timber.  The  remaining  19,324,000  acres  comprised  permanent 
pastures,  vineyards,  orchards,  and  cultivated  lands. 

The  area  of  these  cultivated  lands  had  remained  remarkably 
constant  for  generations;  thus,  before  the  distribution  of  land  to 
the  serfs  in  1864,  it  was  reported  to  be  19,340,000  acres,  at  which 
time  3,367,000  acres  were  owned  by  peasants  and  15,973,000  acres 
remained  under  control  of  the  Crown  and  in  the  hands  of  a  few  great 
landlords — descendants  of  the  former  voivodes. 


Table  5. — Productive  land  ^  in  the  old  Kingdom  of  Rumania  held  by  peasants 
and  by  large  estates,  1864,  i881,  1889,  and  1912 

Item 

Families 

receiving 

land 

Productive  land  in- 

Large 
estates 

Small 
holdings 

Situation  prior  to  1864 

Number 

1,000  acres 
15,973 

1,000  acres 
3.367 

1864 

456, 461 

6,686 

106, 714 

4,717 

1881                                         -              

77 

1889 

1,351 

48 

Number  of  small  holdings  received  by  peasants  in  1912 

31 

Situation  before  the  World  War 

'  9, 749 

3  9,  591 

Information  furnished  by  Centrala  Obstilor  Statesti  (oflBce  in  charge  of  land  reform),  Bucharest. 
J  Total  area  less  forests  and  unproductive  lands.    Productive  lands  include  plowlands,  meadows,  pas- 
tures, vineyards,  etc. 
2  In  1913  there  were  3,420  heads  of  families  classified  as  owning  large  estates. 
»  Land-owning  peasants  were  estimated  at  1,129,782  heads  of  families  m  1913, 
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In  1864  and  in  1889  large  grants  of  land  were  made  to  the  peas- 
ants, so  that  at  the  outbreak  of  the  World  War  the  peasants,  as 
indicated  in  Table  5,  possessed  9,591,000  acres  of  the  cultivated 
lands,  whereas  9,749,000  acres  still  remained  in  the  hands  of  the 
owners  of  large  estates. 

Only  4,154,000  acres  of  large-estate  plowlands  were  operated  as 
large  holdings  in  1913.  (Table  6.)  The  peasants  owned  and  operated 
6,739,000  acres  of  plowlands  in  holdings  of  less  than  247.1  acres  each 
and  in  addition  rented  3,539,000  acres  almost  exclusively  from  large 
estates. 

Table  6. — Plowland  operated  by  owners  and  that  operated  hy  renters,  classified 
according  to  size  of  land  holaings,  in  the  old  Kingdom  of  Rumania,   1913 


Size  of  holdings 

TT<>«^   «*  /« 

:m 

Area 
owned 
by  each 

class 

Area 
rented 
by  each 

class 

Area  operated 

Hectares! 

Acres 

by  each  class 

Less  than  2       

Less  than  4,9    

Number 

476, 649 

441,336 

161,550 

42,996 

5,697 

1,554 

2,377 

1,043 

Per 

cent 

42.1 

38.9 

14.3 

3.8 

.5 

.1 

.2 

.1 

1,000 

acres 

1,042 

2,584 

1,600 

980 

349 

184 

697 

1,225 

1,000 
acres 

372 
1,237 
1,164 

557 

128 
81 

755 
1,477 

1,000 

acres 

1,414 

3,821 

2,764 

1,537 

477 

265 

1,452 

2,702 

Per 
cent 
9  8 

2to6 

4.9  to  12.3 

26.5 

6  to  10     

12.3  to  24.7 

19.  2 

10  to  25 

24.7  to  61.8 

10  6 

25  to  50.. 

61.8  to  123.6. 

3.3 

50  to  100      .       . 

123.6  to  247.1 

1  8 

100  to  500 

247.1  to  1,235.5 

10.1 

500  and  over 

1,235.5  and  over 

18.7 

Total 

1, 133, 202 

100.0 

8,661 

5,771 

»  14, 432 

loao 

Furnished  by  The  Ministry  of  Agriculture  at  Bucharest. 

1  One  hectare =2.471  acres. 

»  Average  plowland  during  190&-1913  was  15,034,000  acres.    See  Table  3. 


THE  LAND  REFORM 

During  the  time  that  the  Rumanian  Government  had  been  forced 
by  the  Central  Powers  to  abandon  Bucharest  and  establish  a  tem- 
porary capital  at  Jassy,  unrest  developed  among  certain  elements  of 
the  peasant  army  which  threatened  to  reach  the  revolutionary  stage. 
At  that  critical  juncture  a  sweeping  land  reform,  the  provisions  of 
which  had  not  been  carefully  preconsidered,  was  promised  to  the 
peasants,  who  consequently  remained  faithfully  at  their  posts  and 
fought  out  the  war  to  the  end.  At  the  termination  of  the  World 
War  the  land  reform  was  put  into  effect,  practically  as  promised  to 
the  men  in  the  trenches,  through  the  decree  of  December  16,  1918. 
By  the  provisions  of  this  decree  Ferdinand  I  directed  the  expro- 
priation of  5,527,000  acres  of  the  large-estate  lands  of  the  old  Kingdom 
of  Rumania,  including  68,000  acres  of  forests  and  unproductive 
lands  and  5,459,000  acres  of  crop  lands,  meadows,  pastures,  and  other 
productive  lands. 

As  indicated  in  Table  7,  expropriation  affected  the  great  privately 
owned  estates  and  the  lands  of  societies  and  institutions  most  severely. 
The  State  itself  did  not  make  an  exception  of  its  own  lands,  and  even 
the  Crown  estates  were  included  in  the  reform  program. 
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Table  7. — Expropriated  production  land,  excluding  forests,  old  Kingdom  of 
Rumania,  prior  to  January  1,  1926  i  {36,  1924,  V-  4^) 


Owners 

Owners 
from 
whom 
expro- 
priated 

Expropri- 
ated land 

Private-. 

Number 

3,886 

84 

39 

609 

312 

Acres 

4, 456, 000 
167,000 
141  000 

Absentee  landlords 

Foreigners.  _ 

Societies  and  institutions 

1,  046, 000 

State 

811,000 

Total-. 

4,930 

6,621,000 

1  Includes  expropriation  of  land  in  former  Bulgarian  territory,  if  any. 

As  indicated  in  Table  7,  about  1,162,000  more  acres  of  productive 
land  were  expropriated  than  were  provided  for  by  the  decree  of 
December  16,  1918.  This  discrepancy  is  accounted  for  in  the  follow- 
ing manner :  According  to  the  letter  of  the  act,  on  which  the  land  re- 
form was  based,  the  size  of  the  estate  to  be  retained  by  each  large 
owner  was  fixed  at  494  acres  in  regions  of  dense  population,  at  741 
acres  in  regions  of  medium  density  of  population,  and  at  1,236  acres 
in  regions  of  sparse  population — the  so-called  colonization  districts 
along  the  Danube  River.  Many  estate  owners,  however,  had  estates 
in  more  than  one  of  these  regions,  and  it  was  found  that  often  the 
holdings  retained  by  such  owners  totaled  more  than  1,236  acres. 
To  remedy  this,  additional  land  was  expropriated  in  order  that  the 
total  held  by  one  family  should  conform  to  the  spirit  of  the  original  act. 
This  additional  expropriation  of  1,162,000  acres  may  include  lands 
expropriated  in  former  Bulgarian  territory  if  any  of  the  estates  in 
these  regions  were  large  enough  to  come  within  the  jurisdiction  of  the 
land-expropriation  officials. 

As  Transylvania,  Bukovina,  and  Bessarabia  came  under  the  juris- 
diction of  Rumania,  land  reforms  were  put  into  effect  in  each  of  these 
administrative  districts.  The  conditions  differed  in  some  details 
from  those  operative  in  the  old  Kingdom,  but  the  final  result  involved 
4,566,000  acres  in  Transylvania,  189,000  acres  in  Bukovina,  and 
3,686,000  acres  in  Bessarabia. 

The  Hberal  Government  had  planned  to  hold  these  expropriated 
estates  under  Government  control  and  to  operate  them  through  the 
medium  of  cooperative  societies.  The  peasants  protested  against 
this  and  forced  the  division  of  the  land  into  holdings  of  which  the 
size  of  the  allotment  per  family  varied  according  to  the  density  of  the 
population.  The  peasants  demanded  actual  possession  of  the  land, 
and  where  disturbances  proved  serious  the  Government  hastened 
the  process  of  making  the  transfer.  Although  redistribution  of 
expropriated  lands  has  proved  to  be  a  very  slow^and  involved  process, 
by  the  end  of  1924  only  a  relatively  small  amount  (about  65,000  acres) 
of  the  land  destined  to  be  turned  over  to  the  actual  possession  of 
the  peasants  remained  unassigned  in  the  old  Kingdom.  There  w^re 
260,000  acres  unassigned  in  Transylvania  and  7,000  acres  in  Bukovina. 

According  to  the  present  arrangement,  the  peasant  is  allowed  20 
years  in  which  to  pay  for  his  land,  paying  only  the  capital  sum.  The 
interest  is  paid  by  the  Government  to  the  former  owner,  who  has 
received  for  the  land  taken  from  him  bonds  payable  in  full  at  the  end 
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of  20  years.  A  premium  amounting  to  the  interest  for  20  years  was 
awarded  to  any  peasant  who  paid  for  his  land  in  full  at  the  time  of 
transfer. 

In  Bessarabia  the  land  to  be  retained  by  the  estate  owner  was 
fixed  at  247  acres;  in  Transylvania  and  Bukovina  the  maximum  was 
1,236  acres.  In  addition,  the  estate  owner  has  been  allowed  to  retain 
certain  vineyards,  orchards,  etc.  Land  subject  to  inundation  has 
not  been  expropriated. 

Up  to  December  31,  1924,  the  area  of  land  in  Greater  Rumania 
that  had  passed  or  was  in  the  process  of  passing  from  the  control  of 
the  large  estates  into  the  hands  of  the  peasants  was  approximately 
14,795,000  acres,  as  indicated  in  Table  8.  Of  tkis  area  more  than 
11,690,000  acres  consisted  of  arable  land,  meadows,  and  pastures. 

Table  8. — Expropriation  program  prior  to  January  1,  1925,  Greater  Rumania  * 

(36,  19'24r  V'  47) 
[In  thousands  of  acres— i.  e.,  000  omitted] 


Region 

Arable 

and 

meadow 

land 

Pasture 
land 

Forests 

other 
lands 

Expropri- 
ated after 
the  agrari- 
an law 

In  proc- 
ess of  ex- 
propria- 
tion 

Total 

Old  Kingdom  of  Rumania 

Transylvania 

5,133 

1,367 

129 

2,736 

326 

811 
28 

36 

1,662 

22 

490 

32 
460 

3 1, 162 

65 
260 

7 

6,754 

4,166 

189 

Bukovina .  . .  . 

Bessarabia 

3,686 

Total 

9,365 

1,165 

2,210 

561 

a  1,162 

332 

14,  795 

Expropriation  of  land  leased  under  law  No.  3697/918. 


2  Arable  land  and  meadows. 


Whereas  expropriation  was  abrupt,  throwing  a  large  area  out  of 
cultivation  in  1919,  the  distribution  of  these  former  estate  lands, 
except  in  Bessarabia,  has  been  gradual,  and  each  year  up  to  1925 
a  few  hundred  thousand  acres  more  have  been  brought  under  culti- 
vation than  were  in  crop  production  the  year  before. 

In  1921  fully  24.1  per  cent  of  the  plowland  was  rented  to  and 
operated  by  farming  associations,  some  of  which  were  cooperatively 
managed.  As  shown  in  Table  9,  one  of  the  outstanding  trends  of 
farm  operations  has  been  the  reduction  of  areas  seeded  by  these 
associations  each  year  until  in  1925  they  put  only  2.7  per  cent  of  the 
land  into  crops,  as  compared  with  84.9  per  cent  seeded  by  small 
peasant  farmers.  Throughout  this  period  the  large  estates  of  Greater 
Rumania  have  seeded  about  12  per  cent  of  the  total  area  of  crop 
lands  each  year. 

Tabus  9. — Crop  land:  Acreage  seeded,  by  holdings,  in  Greater  Rumania;  average, 
1909-1913  and  annual  1921-1925 


Period 

Large  estates 

Small  peasant 
holdings 

Agricultural- 
association 
holdings 

Total 
hold- 
ings 

Pre-war  average,  19(»-1913 

1,000 
aera 

Percent 

1,000 
acres 

Percent 

1,000 
acres 

Percent 

1,000 
acres 
»  ^926 

Post-war  period: 

1921.. 

3,181 
3,105 
3,169 
3,495 
3,650 

12.8 
12.1 
12.0 
12.4 
12.4 

15,668 
19,411 
21,592 
23,454 
24,909 

63.1 
76.0 
81.6 
83.3 
84.9 

5,967 
3,030 
1,708 
1,192 
791 

24.1 
11.9 
6.4 
4.3 
2.7 

24,816 

1922 

25,546 

1923 

1  26,469 

1924 

128,141 
129,350 

1925 

See  Table  3  for  source  of  data  for  pre-war;  1921-1925  (S8, 1996,  p.  iS). 

»  Does  not  include  fallow  land  as  follows:  Pre-war,  3,342,000  acres;  865,000  acres  In  1923;  848,000  acres  in 
1924,  and  968,000  acres  in  1925. 
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The  large  estates  slowly  increased  their  seeded  areas  a  few  hundred 
thousand  acres  yearly  between  1923  and  1925.  On  the  other  hand 
the  expropriated  land  that  was  at  first  rented  to  agricultural  asso- 
ciations in  1921  had  been  almost  entirely  transferred  to  peasant 
owners  by  1925.  A  record  of  the  transfers  of  plowland  to  the  peasants 
maintained  during  1921  and  1922  showed  an  increase  of  3,743,000 
acres  in  the  latter  year  over  the  former.  During  the  next  three  years 
the  record  pertained  only  to  the  areas  seeded.  Between  1923  and 
1925  the  areas  seeded  by  small  peasant  farmers  increased  3,317,000 
acres,  and  the  land  transferred  probably  exceeded  this  amount.  In 
any  case  the  land  actually  put  into  crops  by  the  peasants  in  1925 
was  9,241,000  acres  greater  than  all  plowland  possessed  by  them  in 
1921. 

The  influence  of  this  shift  in  the  management  of  more  than  9,000,000 
acres  of  crop  land  upon  agricultural  production  in  Rumania  was 
profound,  acutely  affecting  the  economic  life  of  the  nation. 

THE  INFLUENCE  OF  THE  LAND  REFORM  UPON  AREAS  SEEDED  " 

Old  Kingdom  of  Rumania 

As  far  as  areas  seeded  are  concerned,  the  estates  and  peasants  of  the 
old  Kingdom  of  Rumania  had  developed  a  routine  of  planting  to  such 
an  extent  that  year  after  year  about  the  same  area  was  seeded  to  each 
of  the  five  chief  cereals,  as  indicated  in  Table  10. 

Table  10. — Cereals:  Acreage  seeded  in  the  old  Kingdom  of  Rumania,  average,  1906- 
1910  to  1909-1913,  and  in  the  old  Kingdom  including  area  ceded  from  Bulgaria, 
average,  1909-1913  to  1921-1925  (31) 

[In  thousands  of  acres— i.  e.,  000  omitted] 


Region  and  year 

Wheat 

Com 

Barley 

Oats 

Rye 

Old  Kingdom  of  Rumania: 
Average— 

1906-1910 

4,535 
4,489 
4,665 
4,576 

4,961 
2,784 
2,879 
3,250 
3,925 

5,011 
5,013 
5,088 
5,150 

5,243 
4,807 
4,888 
5,062 
6,704 

1,377 
1,352 
1,347 
1,319 

1,441 
1,581 
1,903 
2,098 
2,095 

1,065 
1,075 
1,090 
1,105 

1,147 
1,435 
1,660 
1,775 
1,709 

389 

1907-1911 

364 

1908-1912 

344 

1909-1913...                                        

316 

Old  Kingdom,  including  area  ceded  from  Bulgaria: 

Average— 
1909-1913  1 

336 

1919-1923 

178 

1920-1924 

164 

1921-1925 

159 

ATinnal,  192."^...    ...   .,, ..  ... 

159 

Percentage  of  land  under  chief  cereals  seeded  to  each: 

Average,  1909-1913 

Per  cent 
37.8 
28.9 

Per  cent 
39.9 
42.0 

Per  cent 
ILO 
15.4 

Per  cent 
8.7 
12.6 

Per  cent 
2.6 

Annual,  192.5 

LI 

See  following  tables  for  area  ceded  from  Bulgaria. 

1  Average  for  old  Kingdom,  1909-1913,  plus  1909-1912  average  for  former  Bulgarian  territory  annexed  to 
Dobruja  in  1913,  for  which  year  there  are  no  data. 

By  comparing  the  percentage  of  the  total  area  under  the  five  chief 
cereals  seeded  to  each  cereal  during  1909-1913  and  in  1925  it  is  evident 
that  the  relative  areas  under  wheat  and  rye  had  greatly  decreased, 
whereas  those  under  corn,  barley,  and  oats  had  increased. 


'<  One  of  the  striking  characteristics  of  the  agriculture  of  southeastern  Europe  is  the  persistence  of  agri- 
cultural customs  and  habits.  Neighboring  villages  are  frequently  of  different  racial  origin,  and  there  is  a 
sharp  contrast  in  the  methods  they  employ  in  planting  and  harvesting  their  crops,  which  differ  according 
to  the  traditions  of  tilling  the  soil  that  have  been  handed  down  from  generation  to  generation,  dating  back 
to  remote  ancestors.  It  is  almost  impossible  to  change  these  racial  habits  of  centuries  by  teaching  or  demon- 
strating new  methods  that  have  come  into  use  only  during  the  past  few  decades. 
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The  general  economic  situation,  associated  with  legislation  re- 
garding the  domestic  sale  and  the  exportation  of  bread  cereals,  had 
some  influence  upon  these  changes,  but  the  most  profound  influence 
was  that  exerted  by  the  difference  between  the  ways  in  which  the 
peasants  and  estate  owners  seeded  their  respective  holdings. 

Records  have  been  kept  since  1905  which  show  the  cereal  acreage 
of  the  old  Kingdom  of  Rumania  seeded  on  large  estates  and  on  small 
holdings.  These  records,  summarized  in  Table  11,  indicate  the  differ- 
ent rates  at  which  cereals  were  seeded  under  the  two  systems  of 
agriculture. 

Table  11. — Cereals r  Acreage  seeded  on  large  estates  and  on  peasant  holdings  in  the 
old  Kingdom  of  Rumania;  average,  1905-1909  and  1909-1913,  and  annual  1919 
and  1921 


Average 

1919  1 

19i 

Holding  and  cereal 

1905-1909 

1909-1913 

Acrease 

Per- 
cent- 
age of 
total 

Acreage 

Per- 
cent- 
age of 
total 

Acreage 

Per- 
cent- 
age of 
total 

Acreage 

Per- 
cent- 
age of 
total 

Large  estates: 

Bread  cere-als— 

Wheat    

1,000 

acres 

2,415 

46 

58.7 
Li 

1,000 

acres 

2,341 

39 

6L9 
LO 

1,000 

acres 

842 

23 

67.6 
1.9 

1,000 

acres 

545 

11 

32.6 

Rye 

0.7 

Total 

2,461 

69.8 

2,380 

62.9 

865 

69.5 

556 

33.3 

Barley 

347 
372 
933 

8.4 
9.1 
22.7 

335 
377 
691 

8.8 
10.0 
18.3 

75 
98 
207 

6.0 
7.9 
16.6 

279 
303 
532 

16.7 

Oats 

18.1 

Com 

31.9 

Total  5  chief  cereals 

4,113 

100.0 

3,783 

100.0 

1,245 

100.0 

1,670 

100.0 

Peasant  holdings: 
Bread  cereals- 
Wheat 

2,125 
337 

25.9 
4.1 

2,235 

26.7 
3.2 

2,122 
190 

26.6 
2.5 

2,324 

108 

24.8 

Rye 

1.8 

Total 

2,462 

30.0 

2,512 

28.9 

2,318 

29.1 

2,492 

26.6 

Barley.. 

1,020 

657 

4,073 

12.4 

8.0 

49.6 

984 

728 

4,459 

1L3 

8.4 
5L4 

513 

499 

4,655 

6.4 
6.2 
58.3 

1,474 
1,330 
4,067 

15  8 

Oats 

14.2 

Com 

43.4 

Total  5  chief  cereals. . 

8,212 

100.0 

8,683 

100.0 

7,985 

100.0 

9,363 

100.0 

AU  holdings: 

Bread  cereals- 
Wheat 

4,540 
383 

36.8 
3.1 

4,576 
316 

36.7 
2.5 

2,964 
219 

32.1 
2.4 

2,869 
179 

26.0 

Rye 

L6 

Total 

4,923 

39.9 

4,892 

39.2 

3,183 

34.5 

3,048 

27.6 

Barley 

1,367 
1,029 
5,006 

n.i 

8.4 
40.6 

1.319 
1,106 
6,150 

10.6 

8.9 

4L3 

588 

597 

4,862 

6.4 
6.4 
52.7 

1,753 
1,633 
4,599 

16.9 

Oats 

14.8 

Cora A 

41.7 

Total  5  chief  cereals 

12,326 

loao 

12,466 

100.0 

9,230 

100.0 

11,033 

100.0 

Acreage  in  1905-1913  and  1919  (.9/,  1909,  WIS,  1919). 

Acreage  in  1921  furnished  by  tne  Ministry  of  Agriculture  of  Rumania. 

>  Includes  Durostor  and  Caliacra. 


Each  large-estate  operator  and  each  peasant  farmer  had  established 
a  fairly  uniform  routine  in  pre-war  years  as  to  the  proportion  of  his 
lands  to  be  seeded  to  each  cereal  crop.  There  was  some  fluctuation 
from  year  to  year  in  the  total  cereal  acreage,  but  there  was  remark- 
ably Uttle  change  in  the  relative  area  planted  to  each  crop. 
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Before  the  World  War  the  area  seeded  to  winter  grains — wheat  and 
rye — ^was  about  equal  to  and  in  a  sense  limited  by  the  area  seeded  to 
corn.  Corn  is  grown  by  the  Rumanian  peasant  for  food,  whereas 
wheat  is  produced  for  sale.  In  the  old  Kingdom  the  area  seeded  to 
corn  had  to  be  maintained  at  least  at  a  certain  minimum  to  insure 
food  for  the  masses.  Had  there  been  a  shortage  in  the  crop,  corn 
would  have  had  to  be  imported,  as  the  masses  of  the  peasants  are  not 
accustomed  to  making  wheat  and  rye  bread.  Their  staple  diet 
consists  of  a  thick  corn-meal  mush  called  ''mamaUga." 

The  crop  rotation  on  peasant  fields  in  Rumania  is  almost  uni- 
versally an  alternation  between  corn  and  wheat  or  corn  and  some 
other  cereal.  The  peasants  seeded  an  average  of  about  4,500,000 
acres  to  corn  during  1909-1913  or  more  than  the  area  of  all  other 
cereals  combined.  The  area  seeded  to  corn  is  thus  almost  1,000,000 
acres  greater  than  all  the  land  rented  by  peasants  from  the  great  land- 
lords during  1913.  It  is  stated  on  the  authority  of  the  former  director 
of  agriculture,  G.  Jonescu-Sisesti,  that  this  great  area  of  rented  land 
was  seeded  to  corn  by  the  peasants  not  only  because  of  the  peasants' 
liking  for  this  cereal  but  because  the  landlord  required  that  the 
rented  land  be  planted  to  corn.  As  the  corn  crop  must  be  hoed,  the 
land  was  thus  better  prepared  for  winter  wheat. 

In  order  to  get  the  land  at  all  the  peasant  was  frequently  required  to 
work  for  the  landlord.  This  meant  that  his  own  small  plot  was  seeded 
late,  since  he  must  first  help  to  seed  the  fields  of  the  landlord.  He 
must  also  get  the  corn  off  the  land  early  enough  to  allow  his  landlord  to 
sow  winter  wheat.  This  meant  that  the  corn  was  often  harvested  in 
an  immature  condition,  reducing  the  yield  and  lowering  its  food 
value. 

Almost  all  wheat  seeded  by  the  large  estates  was  on  land  that  had 
been  rented  by  the  peasants  and  previously  planted  to  corn  by  them, 
since  the  estate  owners  themselves  planted  relatively  httle  of  Ru- 
mania's corn  crop. 

Before  the  World  War,  a  little  more  than  half  the  wheat  area  was 
seeded  by  the  estates  and  a  little  less  than  half  by  the  peasants.  As 
a  result  of  the  war  and  the  disorganized  economic  and  social  conditions, 
including  the  land  reform,  following  the  war,  these  agricultural 
habits  were  broken  up,  and  Rumanian  field-crop  production  passed 
into  a  state  of  flux.  Increases  and  decreases  in  the  areas  seeded  to  the 
different  cereals  followed  the  many  changing  and  complex  factors 
that  disturbed  normality.  However,  through  aU  these  fluctuations 
in  crop  seeding  both  the  peasants  and  the  estates  have  shown  a 
certain  tendency  to  maintain  the  old  order  of  farming  although  some- 
what modified  by  the  new  order  of  land  tenure. 

In  1921  the  estates,  deprived  of  the  peasants'  cornfields  in  which 
to  plant  winter  wheat,  were  forced  to  regulate  their  wheat  acreage 
to  the  area  of  corn  that  they  themselves  could  plant. 

The  peasants  in  1921  seeded  680,000  acres  more  to  the  five  chief 
cereals  than  was  their  custom  before  the  World  War.  Their  wheat 
acreage  was  about  as  large  as  they  had  previously  been  accustomed  to 
plant  and  their  corn  acreage  was  about  sufficient  to  meet  their  own 
requirements.  As  they  had  extra  land  to  plant  they  seeded  barley  and 
oats.  It  requires  miore  foresight  to  seed  a  winter  crop  in  August  to  be 
harvested  the  following  summer  than  it  does  to  put  in  a  spring  crop  to 
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be  harvested  in  less  than  six  months.  As  the  average  peasant  does  not 
possess  the  foresight  of  the  average  manager  of  a  large  estate  he 
usually  puts  off  his  planting  until  the  last  possible  minute  and  then 
rushes  his  plowing  and  seeding.  Winter  grain  is  seeded  as  late  as 
December,  and  corn  is  planted  as  late  as  July,  with  consequent 
poor  returns. 

Combining  the  data  regarding  peasant  and  estate  seedings  in  1921 
indicates  that  corn  was  put  in  at  about  the  same  normal  rate,  whereas 
former  wheat  areas  were  replaced  by  barley  and  oats. 

Between  1921  and  1925  the  acreage  of  wheat,  rye,  barley,  oats, 
and  corn  of  the  old  Kingdom  including  Durostor  and  CaHacra  (ceded 
by  Bulgaria  in  1913),  was  increased  2,558,000  acres  or  to  a  total  of 
13,591,000  acres,  as  compared  with  13,128,000  acres  in  pre-war 
days.  During  this  5-year  period  ended  1925  the  rates  at  which  the 
chief  cereals  were  seeded  have  varied  but  httle.  Corn,  barley,  and 
rye  were  within  one-half  of  1  per  cent  in  the  same  relationship  to  the 
total  acreage  of  these  five  cereals  at  the  end  of  the  period  that  they 
were  in  the  beginning.  Wheat  had  increased  2.9  per  cent,  and  oats 
decreased  proportionately.  The  general  trend  of  peasant  farming 
in  the  old  Kingdom  of  Rumania  as  compared  with  estate  farming 
has  taken  the  form  of  a  shift  from  winter  grains  (such  as  wheat  and 
rye)  tow^ard  spring  grains  (barley,  oats,  and  corn). 


BESSARABIA 

The  first  recorded  crop  statistics  giving  details  of  large-estate  and 
peasant  agriculture  in  Bessarabia  after  the  World  War  were  for  the 
year  1920.  In  that  year  the  peasants  of  Bessarabia  seeded  4,949,000 
acres  to  the  five  chief  cereals,  as  contrasted  with  an  average  of 
3,156,000  acres  during  1902-1911  as  indicated  in  Table  12. 

Table  12. — Cereals:  Acreage  seeded  in  Bessarabia  on  large  estates  and  small  hold- 
ings; average,  1902-1911,  and  annual,  1920,  and  on  all  holdings  in  1926 


.   Large  estates 

Peasant  holdings 

All  holdings 

Cereal 

Average 
1902-1911 

1920 

Average 
1902-1911 

1920 

Average 
1902-1911 

1920 

1925 

Bread  cereals: 
Wheat- 
Winter 

Spring 

1,000    Per 

acres    cent 

683  23.0 

304    12.0 

275   10.8 

1,000 

acres 

22 

Per 

cent 
36.1 

1,000 

acres 

465 

587 

247 

Per 
cent 
14.8 
18.6 

1,000 
acres 
1,331 

Per 

cent 
26.9 

1,000 

acres 

1,048 

891 

522 

Per 

cent 
18.4 
15.7 
9.2 

1,000 
acres 
1,353 

Per 

acres 
27.0 

1,000 

acres 

1, 367 

563 

236 

Per 

cent 

22.2 

9.2 

Rye 

4 

6.6 

7.8 

^71 

5.5 

275 

6.5 

3.8 

Total 

1,162  45.8 

26 

42.7 

1.299 

41.2    1,602 

32.4 

2,461 

43.3 

1,628 

32.5 

2,166 

36.2 

Barley. 

632   2n.  0 

15 
11 
9 

24.6 
18.0 
14.7 

786 

52 

1,019 

24. 9j  1,822 
1. 6'      270 

36.8 

5.4 

25.4 

1,318 

179 

1,738 

23.1 

3.1 

30.6 

1,837 

281 

1,264 

36.7 

5.6 

26.2 

1,682 

418 

1,887 

27  3 

Oats 

127 
719 

5.0 
28.3 

6.8 

Com 

32.3 

1,255 

30.7 

Total    5   chief 
cereals 

2,540 

100.0 

61 

100.0 

3,156 

100.0 

4,949 

100.0 

5,696 

100.0 

6,010 

100.0 

6,153 

100.0 

Acreage  1902-1911  (4). 

Acreage  in  1920,  furnished  by  Ministry  of  Agriculture  at  Bucharest. 

Acreage  in  1925  (SS,  pp.  It-lS)  for  Rumania. 


This  great  increase  in  the  area  seeded  by  the  peasants  is  accounted 
for  by  the  fact  that  expropriation  in  Bessarabia  was  more  drastic 
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and  in  other  ways  different  from  expropriation  in  the  old  Kingdom. 
The  peasants  of  the  old  IGngdom  were  crowded  into  the  foothiUs  of 
the  Carpathian  and  Transylvanian  Mountains,  more  than  a  day's 
journey  by  rail  from  the  thinly  populated  surplus  districts  in  which 
the  large  estates  were  situated.  In  Bessarabia  the  large  estates 
were  situated  upon  the  plateaus  and  were  surrounded  by  the  peasants' 
meager  holdings  upon  the  hillsides.  To  occupy  the  expropriated 
lands,  it  was  necessary  for  the  peasants  of  Bessarabia  to  close  in  only 
a  few  miles,  not  farther  than  they  were  in  the  habit  of  going  every 
day  to  their  work.  They  took  possession  almost  immediately  of  their 
new  holdings  so  that,  in  1920,  Bessarabia  was  able  to  seed  88  per  cent 
of  the  pre-war  (1902-1911)  cereal  acreage. 

The  peasants  of  Bessarabia,  before  the  World  War,  planted  a 
smaller  proportion  of  their  land  to  winter  wheat,  rye,  and  oats  and 
a  greater  proportion  to  spring  wheat,  corn,  and  barley  than  did  the 
large  estates.  In  1920  the  peasants  increased  their  acreages  of  all 
five  cereals,  the  greatest  increases  being  in  the  acreages  of  barley  and 
oats,  in  sharp  contrast  to  the  large  estates  which  planted  almost  no 
land,  leaving  most  of  their  fields  fallow. 

By  1925,  the  area  imder  the  five  chief  cereals  on  aU  holdings  was 
457,000  acres  greater  than  during  1902-1911.  Kye  alone  of  all  the 
cereals  was  seeded  in  less  amount  than  imder  pre-war  conditions. 
The  total  acreage  of  wheat  was  about  average,  winter  wheat  being 
319,000  acres  more  and  spring  wheat  about  228,000  acres  less  than 
during  1902-1911,  the  drought  and  consequent  crop  failures  in 
1922  and  1924  having  discouraged  the  planting  of  spring  wheat  in 
Bessarabia. 

Expropriation  is  complete  in  Bessarabia,  where  it  is  probable  that 
the  acreage  of  com,  barley,  and  oats  will  continue  higher  than  before 
the  World  War  and  the  acreage  of  bread  cereals  lower  on  account  of 
the  reduced  acreage  of  rye.  It  is  improbable  that  wheat  acreage  will 
increase  materially  above  the  1925  level,  and  the  high  ratio  of  winter 
to  spring  wheat  will  tend  to  decrease  to  more  nearly  the  pre-war 
average  relationship. 

BUKOVINA 

Austrian  records  of  pre-war  conditions  contain  no  separate  infor- 
mation relative  to  the  areas  seeded  on  large  estates  as  compared  with 
conditions  of  peasant  farming.  The  land  reform  in  Bukovina  involved 
only  129,000  acres  of  arable  lands  and  meadowlands. 

The  total  acreage  under  the  five  chief  cereals  since  1921  has  not 
equaled  the  average  1909-1913  area  in  any  year  up  to  1925. 

Bukovina  has  been  cut  off  from  former  sources  of  wheat  supply  and 
since  the  World  War  appears  to  have  increased  the  area  under  this 
cereal  more  nearly  to  meet  local  demands,  though  decrease  in  rye 
acreage  has  brought  the  area  under  bread  cereals  to  about  the  pre-war 
level.  Corn  has  remained  about  the  same  as  before  the  war,  whereas 
the  acreage  of  oats  has  slightly  increased  and  barley  has  fallen  off- 
as  indicated  in  Table  13. 
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Table  13. — Cereals:  Acreage  seeded  in  Bukovina;  average ^  1909-1913,  and  annual, 

1921-1925 


Cereal 

Average 
1909-1913 

1921 

1922 

1923 

1924 

1925 

Bread  cereals: 

Wheat         

1,000 

acres 

48 

67 

Per 
cent 
10.1 
14.2 

1,000 

acres 

38 

41 

1,000 

acres 

55 

62 

1,000 

acres 

49 

50 

1,000 

acres 

74 

61 

1,000 

acres 

61 

50 

Per 
cent 
13.2 

Rye 

10.8 

Total 

115 

24.3 

79 

117 

99 

135 

111 

24.0 

Barley 

83 
118 
158 

17.5 
24.9 
33.3 

81 
88 
150 

80 
88 
130 

94 
119 
143 

76 
113 
144 

69 
122 
159 

15.0 

Oats 

26.5 

Corn 

34.5 

Total,  5  chief  cereals 

474 

100.0 

398 

415 

455 

468 

461 

100.0 

Acreage  for  1909-1913  (27,  1991). 
Acreage  for  1921-1925  (SI). 

These  changes  in  the  seeding  of  the  five  chief  cereals  in  Bukovina 
are  relatively  small  and  have  been  without  appreciable  effect  upon 
the  Rumanian  agricultural  situation. 

There  are  only-  7,000  acres  of  expropriated  lands  to  be  readjusted  in 
Bukovina,  so  it  is  probable  that  the  seeding  data  in  Table  13  indicate 
the  future  trend  of  agriculture  in  this  district  and  that  little  further 
change  may  be  expected. 

TRANSYLVANIA 

There  is  no  information  relative  to  the  manner  in  which  the  large 
estates  of  the  varioub  departments  now  comprising  Transylvania 
seeded  their  lands  before  the  World  War.  Comparing  the  estimates  of 
total  pre-war  area  seeded,  with  thoseof  1925,  shows  a  decrease  of  783,000 
acres  under  the  five  chief  cereals.  The  acreage  of  barley  is  greater 
than  in  the  pre-war  period.  There  also  appears  to  be  a  stronger  tend- 
ency to  maintain  wheat  acreage  at  former  levels  than  to  keep  corn  areas 
up  to  the  pre-war  average. 

Before  the  World  War  the  administrative  District  of  Transylvania 
as  constituted  to-day  seeded  2,417,000  acres  of  wheat,  producing 
annually  32,650,000 bushels  (net),  of  which  5,673,000  bushelswere  ship- 

f)ed  to  other  parts  of  the  Austro-Hungarian  Empire  as  it  then  existed, 
eaving  26,977,000  bushels  as  the  yearly  domestic  disappearance.  In 
1925  tne  area  under  wheat  reached  2,240,000  acres,  and  net  produc- 
tion under  unusually  favorable  conditions  reached  33,000,000  bushels, 
so  that,  in  1925,  Transylvania  appears  to  have  regained  her  pre-war 
status  of  having  an  exportable  surplus  of  wheat  to  ship  to  central 
Europe. 

During  1920  and  1921  the  population  of  Transylvania  suffered  from 
a  shortage  of  wheat  and  was  unable  to  get  relief  either  from  the  old 
Kingdom  or  from  the  plains  of  Hungary.  This  probably  accounts 
for  the  increased  ratio  of  seeding  wheat  that  is  indicated  in  a  compari- 
son of  the  1925  data  in  Table  14  with  the  1909-1913  average.  In 
Transylvania  com  is  employed  to  a  greater  extent  as  feed  for  livestock 
than  was  the  practice  in  the  old  Kingdom,  and  there  has  been  a  ten- 
dency to  allow  this  cereal  to  go  out  of  cultivation  more  rapidly  than 
the  high-priced  human  food.  Other  cereals  do  not  seem  to  have  been 
much  affected  by  postwar  conditions. 
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Table    14. — Cereals:  Acreage  seeded  in   Transylvania;  average,   1909-1913,   and 

annual,   1921-1925 


Cereal 

Average 
1909-1913 

1921 

1922 

1923 

1924 

1925 

Bread  cereals: 

Wheat 

1,000 

acres 

2,417 

308 

Per  cent 
38.6 
4.9 

1,000 

acres 

1,917 

342 

1,000 

acres 

2,085 

226 

1,000 

acres 

1,670 

163 

1,000 

acres 

2,214 

215 

1,000 

acres 

2,240 

223 

Per  cent 
40.9 

Eye 

4  1 

Total 

2,725 

43.5 

2,259 

2,311 

1,833 

2,429 

2,463 

45.0 

Barley 

317 

763 

2,449 

5.1 
12.2 
39.2 

416 

724 

1,911 

347 

576 
1,783 

372 

648 
1,808 

376 

678 

1,827 

365 

680 

1,963 

6  7 

Oats 

12.4 

Corn 

35.9 

Total,  5  chief  cereals 

6,254 

100.0 

5,310 

5,017 

4,661 

5,310 

5,471 

100.0 

Acreage,  1900-1913,  calculated  from  (^5);  acreage,  1921-1925  (31). 

In  each  of  the  four  administrative  districts  of  Greater  Rumania 
there  has  been  a  decrease  in  bread-cereal  acreage,  comparing  the  1925 
acreage  with  the  pre-war  estimated  average  given  in  Table  15.  In 
the  old  Eangdom  and  in  Transylvania  there  was  a  falling  off  in  wheat 
which  was  somewhat  offset  by  increased  wheat  acreages  in  Bessarabia 
and  Bukovina.  The  total  net  result  is  a  decrease  below  pre-war 
average  of  1,071,000  acres  in  wheat  for  the  year  1925.  There  was  a 
small  though  insignificant  increase  in  1926  over  1925  of  67,000  acres 
of  wheat  and  62,000  acres  of  rye. 

There  were  9,713,000  acres  under  corn  in  1925,  as  compared  wdth 
9,742,000  acres  before  the  World  War.  In  1926,  com  acreage  was 
10,031,000  acres. 

Up  to  1925  the  marked  shifts  in  acreage  of  cereals  in  Greater 
Rumania  were  from  bread  cereals  to  barley  and  oats;  an  increase 
of  709,000  acres  in  the  case  of  the  former  cereal  and  722,000  in  the 
case  of  the  latter. 

In  1926  the  acreages  of  barley  and  oats  decreased  perceptibly, 
resulting  in  a  decrease  in  total  cereal  area  of  198,000  acres  below  that 
of  1925.  This  was  accompanied  by  an  increase  of  129,000  acres  in 
bread  cereals  and  318,000  acres  in  com. 


Table  15. — Cereals,  potatoes,  and  sugar  beets:  Acreage  seeded  in  Rumania;  average^ 
1909-1913,  and  'annual,  1925  and  1926 


Crop  and  year 

Old 
King- 
dom 1 

Tran- 
sylva- 
nia 

Bessa- 
rabia 

Buko- 
vina 

Rumania 

Wheat: 

Average,  190^1913 

1,000 
acres 
4,961 
3,925 

1,000 
acres 
2,417 
2,240 

1,000 
acres 
1,801 
1,930 

1,000 

acres 

48 

61 

1,000 
acres 
9,227 
8,156 
8,223 

1,227 
668 
730 

Per 

cent 
35.6 

1925 

31.8 

1926 - 

32.3 

Rye: 

Average,  1909-1913.. 

336 
159 

308 
223 

616 
236 

67 
50 

4.8 

1925 

2.6 

1926 

2.8 

Total  bread  cereals- 
Average,  1909-1913 

5,297 
4,084 

2,725 
2,463 

2,317 
2,166 

115 
111 

10,454 
8,824 
8,953 

40.4 

1925 

34,4 

1926 

35.1 

J 

- 

1  Includes  Durostor  and  Caliacra,  1909-1912,  calculated  from  data  in  (S). 
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Table  16. — Cereals,  potatoes,  and  sugar  beets:  Acreage  seeded  in  Rumania;  average, 
1909-1913,  and  annual,  1925  and  i 5^6?— Continued 


Crop  and  year 

Old 
King, 
doni 

Tran- 
sylva- 
nia 

Bessa- 
rabia 

Buko- 
vina 

Rumania 

Barley: 

Average,  1909-1913     

1,000 
acret 
1,441 
2,095 

1,000 

acret 

317 

365 

1,000 
acres 
1,661 
1,682 

1,000 

acres 

83 

69 

1,000 
acres 
3,502 
4,211 
3,829 

2,208 
2,928 
2,665 

9,742 
9,713 
10,031 

Per 

cent 
13.5 

1925 

16.4 

1926 

15.0 

Oats: 

Average,  1909-1913 

1,147 
1,708 

763 
680 

178 
418 

118 
122 

8.6 

1925 

11.4 

1926 

10.5 

Corn: 

Average,  1909-1913 

5,243 
5,704 

2,449 
1,963 

1,892 
1,887 

158 
159 

37.6 

1925 

37.8 

1928--.        .                   

39.4 

Total,  5  chief  cereals- 
Average,  1909-1913 

13,128 
13, 591 

6,254 
5,471 

6,048 
6,153 

474 
461 

25,904 
25,676 
25,478 

100.0 

1925 

100.0 

1926 

100.0 

Potatoes: 

Average,  1909-1913- _ 

»26 
3  62 

191 
»191 

42 

»88 

91 
'119 

350 

»460 

442 

73 
159 

1925 

1926 

Sugar  beets: 

Average,  190^1913 

32 
76 

31 
28 

4 
35 

6 

22 

1925 



Acreage  in  1909-1913, for  old  Kingdom  of  Rumania  (31,1914);  for  Transylvania,  calculated  from  (IB); 
for  Bessarabia  (59  Ann., 8-10);  for  Bukovina,  cereals  and  potatoes  (27);  sugar  beets  (;).  Acreage  in 
1925  (55)  for  Rumania.  Acreage  in  1926,  from  official  records  of  U.  S.  Department  of  Agriculture, 
Bureau  of  Agricultiu^l  Economics. 

>  In  addition  56,000  acres  were  planted  in  cornfields  in  old  Rumania. 

•  In  addition,  there  were  62,000  acres  of  potatoes  planted  in  cornfields  in  the  old  kingdom,  78,000  in  Tran- 
sylvania, 18,000  in  Bessarabia,  3,000  in  Bukovina,  and  a  total  of  161,000  in  Rumania. 


influence  of  the  land  reform  on  crop  yields 

The  Old  Kingdom  of  Rumania 

From  the  time  they  came  into  possession  of  their  estates  in  1864 
until  the  last  few  years  before  the  World  War  the  operators  of  large 
estates  were  almost  entirely  dependent  upon  the  peasants,  not  only 
for  manual  labor  but  for  draft  animals,  carts,  plows,  and  other  imple- 
ments with  which  to  put  their  crops  into  the  ground  and  to  harvest 
and  haul  their  products  to  market.  As  time  passed  the  situation 
changed  somewhat,  and  the  large  estates  accumulated  modem  farm 
equipment.  But  this  was  never  sufficient  for  their  needs  and  they 
still  placed  great  dependence  upon  the  peasants,  particularly  at 
harvest  time.  The  principal  differences  between  the  two  systems 
of  farming  at  that  time  were  that  the  crops  on  the  large  estates  were 
put  in  more  nearly  on  time,  were  planted  with  better  seed  in  better- 
prepared  seed  beds,  and  were  harvested  at  more  nearly  the  proper 
stage  of  ripening  than  was  the  case  with  the  crops  of  the  small  peasant 
farmer. 

As  indicated  in  Table  16,  wheat  on  small  holdings  averaged  a 
yield  of  2.4  bushels  per  acre  below  that  obtained  on  large  estates. 
Kye  yields  averaged  4  bushels  lower,  barley  3.4  bushels,  oats  5.9 
bushels,  com  4.2  bushels,  potatoes  38  bushels,  and  sugar  beets  1 
ton  lower  on  small  holdings  than  on  the  large  estates. 
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Table  16. — Cereals,   potatoes,  and  sugar  beets:   Yields  per  acre  on  the  large  and 
small  holdings  of  the  old  Kingdom  of  Rumania,  1909-1913  (31,  1914) 


Yield  per  acre  of— 

Year 

Wheat 

Rye 

Barley 

Oats 

Large 
holdings 

Small 
holdings 

Large 
holdings 

SmaU 
holdings 

Large 
holdings 

Small 
holdings 

Large 
holdings 

Small 
holdings 

1909 

Bushels 
14.9 
24.8 
20.2 
18.5 
22.1 

Bushels 
12.1 
21.0 
19.0 
16.2 
19.6 

Bushels 
12.1 
22.9 
18.3 
16.5 
.19.7 

Bushels 
8.6 
17.6 
15.0 
13.2 
16.3 

Bushels 
16.9 
24.4 
22.7 
20.7 
22.5 

Bushels 
13.9 
20.7 
20.3 
16.2 
18.7 

Bushels 
25.7 
29.5 
30.5 
26.7" 
31.2 

Bushels 
19.5 

1910 

25.5 

1911 

24.4 

1912    

20.0 

1913 

24.9 

Average  ' .  . 

20.1 

17.7 

18.2 

14.2 

21.4 

18.0 

28.8 

22.9 

Yield  per  acre,  of— 

Corn 

Potatoes 

Sugar  beets 

Large 
holdings 

Small 
holdings 

Large 
holdings 

Small 
holdings 

Large 
holdings 

Small 
holdings 

1909 

Bushels 
16.2 
25.9 
25.8 
24.4 
24.6 

Bushels 
12.9 
20.4 
20.8 
19.6 
21.2 

Bushels 
183.6 
184.6 
162.6 
141.4 
117.8 

Bushels 
99.6 
138.8 
135.0 
120.9 
95.5 

Short  tons 
8.4 
11.2 
9.7 
8.8 
9.9 

Short  tons 
7.6 

1910 

9.1 

1911 

7.2 

1912 

9.5 

1913 

9.3 

Average  ' 

23.2 

19.0 

156.6 

118.6 

9.6 

8.6 

Weighted  average. 


BESSARABIA 


Similar  conditions  were  prevalent  in  Bessarabia  in  regard  to  wheat, 
rye,  oats,  and  corn,  but  barley  and  potatoes  averaged  higher  yields 
per  acre  on  peasant  fields  during  1909-1913  than  on  the  large  estates. 
As  indicated  in  Table  17  there  was  a  greater  difference  in  yields  of 
winter  wheat  in  Bessarabia  than  was  the  case  with  spring  wheat. 
The  peasants  and  estate  owners  prepared  the  land  for  small  spring 
grains  in  about  the  same  way,  but  in  the  preparation  of  land  for  winter 
wheat  there  was  a  great  difference  in  the  method  of  procedure.  The 
estate  owner  usually  held  his  fields  intended  for  wheat  as  summer 
fallow  with  frequent  cultivation  until  time  to  seed  in  August.  The 
peasants  on  the  other  hand  followed  the  old  Rumanian  custom  of 
sowing  wheat  in  the  cornfield  and  hoeing  in  the  seed. 

It  is  evident  that  one  of  the  immediate  effects  of  the  land  reforms 
has  been  a  decrease  in  production  because  of  the  lower  yields  per 
acre  obtained  by  peasant  methods  than  were  realized  under  the  system 
of  large-estate  farming. 

Table   17. — Cereals  and  potatoes:  Average  yields  per  acre  on  large  estates  and 
peasant  holdings  in  Bessarabia,  1909-1913  (39,  Ann.  10,  p.  69) 


Yields  per  acre,  on- 

Crop 

Yields  per  acre,  on— 

Crop 

Large 
estates 

Peasant 
holdings 

Large 
estates 

Peasant 
holdings 

Wheat: 

Winter.. 

Btishels 
16.7 
14.9 
18.4 
1L4 

Bushels 

12.7 
11.1 
14.6 
18.4 

Oats 

Bushels 
35.5 
22.0 
87.6 

Bushels 
28.0 

Spring 

17.7 

Rye 

Potatoes.. 

100.3 

Barley 
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Agriculture  in  Bukovina  under  Austrian  tutelage,  and  in  Transyl- 
vania under  Hungarian  rule,  although  of  a  lower  order  than  in  central 
Europe  was  appreciably  higher  than  that  in  the  old  Kingdom  of 
Rumania  and  in  Bessarabia.  Yields  per  acre  in  these  two  northern 
administrative  districts  in  1925  were  in  some  instances  higher  than 
before  the  World  War  and  for  all  five  cereals  were  more  nearly  repre- 
sentative of  pre-war  conditions  than  was  the  case  in  the  old  Kingdom 
and  in  Bessarabia. 

Considering  Rumania  as  a  whole,  the  mean  yields  per  acre  in  1926 
for  oats,  barley,  and  com  were  somewhat  above  the  1909-1913  average, 
whereas  the  yields  of  wheat  and  rye  were  below  that  average.  (Table 
18.) 

All  things  considered,  it  is  probable  that  the  land  reform  will  have 
less  effect  upon  areas  seeded  and  yields  per  acre  in  the  two  northern 
administrative  districts  than  in  the  south.  In  the  south,  the  reduction 
in  acreage  of  winter  bread  grains,  the  increased  area  of  spring  grains, 
as  well  as  the  generally  lower  yields  per  acre  will  continue  to  depress 
average  annual  production  considerably  below  the  normal  levels 
indicated  by  the  1909-1913  averages. 

Shifts  in  acreage  and  lower  yields  per  acre  are  not  the  only  factors 
that  have  tended  to  reduce  the  postwar  exportable  surpluses  of 
Rumania.  Two  other  factors  are  operating  to  reduce  the  quantities  of 
cereals  that  Rumania  may  in  the  future  ship  to  western  Europe.  These 
two  factors  are  increases  in  human  population  with  increased  per  capita 
consumption  and  increased  use  of  cereal  products  for  feeding  livestock. 

Table  18. — Cereals,  potatoes,  and  sugar  beets:  Crop  yields  per  acre  in  Rumania; 
average,  1909-1913,  and  annual,  1926-26 


Crop  and  year 

Old 
Kingdom' 

Transyl- 
vania 

Bessara- 
bia 

Buko- 
vina 

Rumania 

Wheat: 

Average.  190^1913     . 

Bushels 
18.9 
14.2 

Bushels 
16.5 
17.7 

Bushels 
12.0 
4.3 

Bushels 
19.1 
17.4 

Bushels 
16  9 

1925.. 

12.8 

1926- - 

13.5 

Rye: 

Average,  1909-1913 

15.1 
12.3 

19.9 
17.0 

14.8 
5.6 

17.9 
18.8 

16.3 

1925- - 

12  0 

1926.. 

15.4 

Total  bread  cereals — 

Average,  1909-1913 

18.7 
14.1 

16.9 
17.6 

12.6 
4.4 

18.4 
18.0 

16.8 

1926 

12.8 

1926. 

13.6 

Barley: 

Average,  1909-1913  . 

las 

14.8 

23.2 
21.5 

17.2 
4,1 

26.3 
15.2 

18  6 

1925 

11.1 

1926 

19.1 

Oats: 

Average,  1909-1913 

26.2 
18.6 

30.4 
20.6 

31.2 
3.9 

42.2 
29.7 

28.9 

1925. 

17.4 

1926 

30.0 

Corn: 

Average,  1909-1913 

19.6 
17.8 

22.9 
21.1 

17.9 
&8 

17.7 
26.9 

20.1 

1925. 

16.9 

1926 

20.3 

Total  5  chief  cereals- 
Average,  1909-1913 

19.7 
16.3 

21.2 
19.5 

16.1 
5.7 

25.5 
23.8 

19.3 

1925... 

14.0 

1928. 

18.8 

Potatoes: 

Average,  1909-1913 

130.1 
131.6 

ShoH  tons 
9.3 
6.8 

103.4 
123.5 

Short  tons 
11.3 
7.6 

102.4 
40.5 

&iort  tons 
3.5 
6.5 

166.6 
202.0 

Short  tons 
9.2 
6.9 

119.1 

1925.. 

129.0 

Sugar  beets: 

Average,  1909-1913 

l^ort  tons 
9.8 

1926 

6.8 

Calculated  from  Tables  19  and  24. 
>  Includes  1909-1912  average  for  Durostor  and  Caliaora. 
44874°— 29 3 
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As  indicated  in  Table  19,  the  production  of  wheat  and  rye  per  100 
inhabitants  in  Rumania  in  1926,  although  showing  some  improve- 
ment over  that  in  1925,  was  still  36.7  per  cent  below  the  1909-1913 
average,  as  contrasted  with  corn,  which  was  about  5.1  per  cent 
below;  on  the  other  hand,  the  production  of  barley  was  2.3  percent 
and  that  of  oats  14.2  per  cent  higher  than  the  pre-war  normal. 

Table  19. — Cereals,  potatoes,  and  sugar  heets:  Production  and  acreage  per  100 
inhabitants  ^  in  Rumania;  average,  1909-1913,  and  annual,  1925-26 


Crop 

Average,  1909-1913 

Old  Kingdom ' 

Transylvania 

Bessarabia 

Bukovina 

Wheat    

Acres 

67.2 

4.6 

Bushels 

1, 270. 9 

68.6 

Acres 

46.1 

5.9 

Bushels 

758.8 
116.9 

Acres 
72.3 
20.7 

Bushels 

864.7 
306.2 

Acres 
6.0 

8.3 

Bushels 
113  8 

Rye 

149  3 

Total--                 .    - 

71.8 

1,  339.  5 

52.0 

875.7 

93.0 

1, 170.  9 

14.3 

263  1 

Barlev--- 

19.5 
15.5 
71.0 

367.6 

406.7 

1,  393. 1 

6.0 
14.5 
46.7 

139.8 

442.4 

1, 069. 1 

66.7 

7.2 

76.0 

1, 149.  5 

223.0 

1, 358.  4 

10.3 
14.7 
19.6 

271.7 

Oats  ' 

618  8 

Corn .- 

347.7 

Total,  6  cereals 

177.8 

3,506.9 

119.2 

2,  527. 0 

242.9 

3,901.8 

58.9 

1  501  3 

Potatoes .., 

Sugar  beets  

.4 

Acres 
0.4 

45.8 

Tons 
4.0 

3.6 

Acres 
0.6 

376.2 

Tons 
6.6 

1.7 

Acres 
0.2 

172.7 

Tons 
0.6 

11.3 

Acres 
0.7 

1,  770.  3 

Tons 
6.8 

Rumania 

Crop 

Average,  1909- 

1925 

1926 

Wheat 

Rye                                     

Acres 
57.9 

7.7 

Bushels 
980.1 
125.8 

Acres 

47.4 

3.9 

Bushels 
608.4 
46.4 

Acres 
47.1 
4.2 

Bushels 
635.  2 
64.4 

Total  

65.6 

1, 105.  9 

51.3 

654.8 

51.3 

699.6 

Barley - 

22.0 
13.9 
61.2 

410.0 

400.5 

1,  228.  0 

24.4 
17.0 
56.4 

271.9 
296.2 
951.1 

21.9 
15.3 
57.5 

419.5 

Oats 

457.  4 

Corn 

1, 165. 0 

Total,  5  cereals                                          .  . 

162.7 

3, 144.  4 

149.1 

2, 174. 0 

146.0 



2,  741,  5 

Potatoes  

2.2 

Acres 
0.5 

261.7 

Tons 
4.5 

2.7 

Acres 
0.9 

344.7 

Tons 
6.3 

Sugar  beets  _ 



Acres 


Tons 
8.0 

Calculated  from  Tables  15  and  20. 

I  For  populations,  see  Table  21. 

« Includes  4-year  average,  1909-1912,  for  Durostor  and  Caliacra. 

COOPERATION  « 

Agricultural  co-operation  in  Rumania  started  with  the  foundation  of  agri- 
cultural banks.  The  law  of  1903  established  a  Central  Office  of  Popular  Banks 
which,  two  years  later,  absorbed  the  agricultural  co-operative  societies  as  well. 
This  was  a  State  institution  for  the  purpose  of  controlling  and  financing  the 
co-operative  movement  *  *  *  its  co-operative  functions  were  alloted  to 
three  distinct  sections,  the  Union  of  Popular  Banks,  the  Union  of  Producers' 
and  Consumers'  Co-operative  Societies,  and  the  Union  of  Tenant  and  Agricul- 
tural Co-operative  Associations.  These  institutions  apply  the  principle  of  State 
collaboration  in  the  co-operative  movement.     They  possess  independent  capital 


"  From  Co-operative  System  In  Agriculture,  by  L.  Mladenatz,  departmental  manager,  Union  of  Co- 
operative Societies,  Rumania  (24,  p.  27). 
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and  a  legal  identity.  In  1921  and  1923  they  were  granted  legal  authority  over 
co-operative  societies  in  the  new  territories  acquired  by  Rumania,  but,  except 
for  Russian  societies  in  Bessarabia,  it  was  only  those  societies  formed  by  Rouman- 
ian members  which  took  advantage  of  this  privilege.  In  the  new  provinces, 
therefore,  there  still  exist  independent  organisations  formed  by  minority  races. 
This  minority  movement  is  well  organised,  though  its  numerical  strength  is  less 
than  that  of  the  Rumanian  movement  *  *  *_  The  central  organisation 
now  controls  1,400,000  members,  while  the  minority  groups  only  possess  300,000 
members. 

The  credit-cooperative  associations  are  the  most  important  ele- 
ment. At  the  end  of  1925  there  were  4,207  banks  with  a  member- 
ship of  886,745.  There  was  a  paid-up  capital  of  745,400,000  lei,^« 
or  $3,602,000,  and  a  turnover  of  6,930,000,000  lei,  or  $33,486,000. 

The  tenant-cooperative  system  w^s  strongly  developed  before  the 
World  War  but  has  dwindled  since  the  land  reform.  In  1926  there 
were  only  129  societies,  with  17,160  members  working  135,275  acres. 

The  land  reform  also  affected  the  land-purchasing  cooperatives, 
which  were  originally  introduced  in  1905.  In  1926  there  were  312 
such  societies,  with  a  membership  of  29,075. 

There  has  been  a  rapid  growth  of  a  rural  system  composed  of  so- 
called  ''cooperative  societies  for  consumption,  purchasing  and  com- 
munal marketing."  Their  function  is  to  meet  household  require- 
ments, to  buy  implements,  seeds,  and  other  farming  necessities,  to 
foster  production  by  the  communal  use  of  large  agricultural  machin- 
ery, and  to  market  the  produce  either  immediately  in  bulk  or  after 
it  is  processed.  There  were  2,646  such  societies  in  1925.  Of  these, 
the  1,829  which  reported  in  that  year  had  268,000  members,  a  paid- 
up  capital  and  reserves  of  150,000,000  lei,^^  or  $724,800,  and  an 
annual  turnover  of  1,646,000,000  lei,  or  $7,953,472. 

The  local  cooperatives  are  organized  into  district  unions  or  cent- 
relia  and  these  again  into  a  national  union,  with  headquarters  at 
Bucharest.  The  Union  of  Producers  and  Consumers  Cooperative 
Societies  aims  at  controlling  and  financing  the  commercial  operations 
of  the  branch  societies.  It  employs  its  own  capital  of  200,000,000 
lei,^^  or  $966,400,  and  the  credits  granted  by  the  National  Bank.  It 
provided  the  branches  with  goods  to  the  value  of  110,000,000  lei, 
or  $531,520,  in  1925,  and  sold  for  these  societies  goods  to  the  value 
of  552,000,000  lei,  or  $2,667,300. 

Under  the  present  system  of  peasant  land  ownership  the  prospect 
of  future  progress  is  particularly  bright,  for  cooperative  buying  and 
selling  is  the  only  way  to  confer  on  small  and  medium  landholders 
the  advantages  of  large-scale  operation. 

HANDICAPS  TO  AGRICULTURAL  PRODUCTION 

The  greater  part  of  the  lowlands  of  the  old  Kingdom  of  Rumania 
and  Bessarabia  possess  soils  of  exceptional  fertility,  but  these  regions 
were  formerly  semiarid  steppes,  and  until  the  last  century  were 
utilized  chiefly  as  pasture  lands.  To-day  crops  in  these  regions  are 
subject  to  the  precarious  conditions  of  extremes  of  precipitations  and 
temperature.  Spring  and  fall  are  of  short  duration.  Summers  are 
hot,  droughts  are  frequent,  and  short,  torrential  rainstorms  are 
followed  by  rapid  evaporation.  Under  these  conditions  successful 
agriculture  depends  upon  the  prompt  application  of  moisture-con- 

>*  The  average  value  of  the  leu  in  1925  was  equivalent  to  0.4832  cent. 
"  See  footnote  16. 
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servation  methods.  The  large  estates  were  fairly  successful  in  this 
direction,  but  these  peasants  are  ignorant  of  any  but  the  simplest 
and  crudest  methods  of  plowing  and  sowing.  Very  few  can  read  or 
write,  and  most  of  them  are  indolent.  Nor  can  these  handicaps  be 
easily  overcome.  These  peasants  can  not  be  taught  through  bulle- 
tins. A  change  under  present  conditions  could  be  effected  only 
through  the  organization  of  an  enormous  system  of  traveling  in- 
structors similar  to  the  county  agents  of  the  United  States  and  the 
establishment  of  demonstration  fields  among  the  peasant  holdings. 
Education  is  being  directed  toward  the  training  of  agricultural  leaders 
in  secondary  and  higher  schools,  but  it  will  be  many  years  before 
practical  results  are  attained. 

In  the  hilly  country  and  the  mountainous  regions  the  strip  system 
of  agriculture  practically  inhibits  the  application  of  modern  methods 
of  farming.  It  is  at  present  almost  impossible  to  remedy  this 
situation. 

FARM  METHODS 

Fall  plowing  in  preparation  for  a  spring  crop  is  almost  unknown 
among  the  Rumanian  peasants  and  is  but  little  used  on  estate  lands. 
On  the  other  hand,  land  is  plowed  in  the  fall  for  winter  wheat  which 
is  seeded  as  late  as  Christmas  time.  The  estates  looked  upon  culti- 
vated fallow  as  a  new  progressive  step  just  before  the  World  War, 
but  the  peasants  seldom  kept  their  fallow  lands  in  tilth.  Almost  all 
plowing  by  these  peasants  is  haphazard  with  no  reference  to  the  con- 
servation of  moisture.  It  usually  requires  four  oxen  to  plow  the  soil 
properly,  and  few  of  the  peasants  have  even  two  oxen.  Therefore 
two  or  more  peasants  must  join  forces  to  prepare  their  land,  and  this 
delays  or  hastens  spring  work  too  much.  Very  little  plowing  or 
seeding  is  done  in  a  timely  manner. 

Plowing  in  general  is  too  shallow.  Usually  land  for  corn  is  plowed 
4.2  to  6.3  inches;  and  for  wheat,  rye,  and  barley  even  shallower — 
3.8  to  4.2  inches.  Thorn  harrows  are  still  in  common  use.  These 
consist  of  branches  of  thorn  brush  bound  together,  to  which  a  horse 
is  hitched  and  on  which  the  peasant  stands  as  it  is  dragged  about  the 
field.  Harrows  with  wooden  frames  through  which  spikes  have  been 
driven  seem  to  the  peasant  a  very  modern  implement,  but  iron-frame 
or  spring-tooth  harrows  are  seldon  seen. 

Cultivators  are  seldom  used,  except  occasionally  in  vineyards. 
Most  cultivation  is  done  with  a  heavy  hoe  which  has  a  semicircular 
blade  about  14  inches  wide  by  8  inches  deep,  sharp  pointed  at  either 
side.  The  depth  of  hoeing  usually  exceeds  that  of  the  original 
plowing. 

FERTIUZERS 

From  a  rational  point  of  view  it  might  be  said  that  the  Rumanian 
peasant  never  fertilizes  his  fields.  As  few  have  stalls  for  cattle, 
manure  lies  scattered  about  the  peasant  yard.  Usually  this  is  taken 
up,  mixed  with  straw,  and  molded  in  a  plaque  about  the  size  of  a 
pie.  These  plaques  are  plastered  onto  the  side  of  the  house  to  dry. 
When  thoroughly  dried  they  are  used  for  fuel.  Horse  manure  mixed 
with  mud  from  the  roadway  is  employed  to  plaster  the  walls  both 
inside  and  outside  the  house. 

Peasants  are  not  allowed  to  let  manure  accumulate  in  piles  in  the 
village.     When  the  village  policeman  considers  a  pile  too  large  he 
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orders  it  removed,  usually  to  some  rutty  place  in  the  road  where  it 
temporarily  aids  traffic.  To  cart  manure  into  a  field  to  increase 
production  is  an  almost  unknown  practice. 

COMMUNICATIONS 

There  were  50,193  miles  of  wagon  roads  in  Greater  Rumania  in 
1924,  or  0.4  mile  per  square  mile.  There  was  0.5  mile  of  road  per 
square  mile  of  territory  in  the  old  Kingdom  as  compared  with  0.4 
mile  in  Transylvania,  0.2  mile  in  Bessarabia,  and  0.3  mile  in  Bukovina. 

The  transportation  system  of  the  old  Kingdom  of  Rumania  has 
been  constructed  with  the  aim  in  view  of  transporting  grain  from  all 
parts  of  the  country  to  the  Danube  River  for  shipment  to  the  export 
points,  Braila,  Galati,  and  Sulina.  There  are,  including  these  three 
export  points,  34  ports  on  the  Danube,  of  which  12  are  connected  by 
rail  with  the  interior  of  the  country.  At  the  end  of  1925  there  were 
2,737  miles  of  railways  in  the  old  Kingdom,  as  compared  with  3,483 
miles  in  Transylvania,  750  miles  in  Bessarabia,  and  457  miles  in 
Bukovina. 

The  railroads  of  Transylvania  were  part  of  the  old  Hungarian 
system  and  center  on  Budapest,  having  Uttle  economic  relationship 
to  the  old  Kingdom  of  Rumania.  The  same  in  true,  though  to  a  less 
ext-ent,  of  the  Bessarabian  system. 

In  all  there  are  7,427  miles  of  railway  in  Greater  Rumania,  or  about 
1  mile  to  each  15.3  square  miles  of  territory  as  compared  with  1 
mile  to  each  24.4  square  miles  in  Bulgaria,  and  1  mile  to  each  8.3 
square  miles  in  France. 

Rumania  possesses  1,765  miles  of  navigable  waterways,  of  which 
the  Danube  River  and  its  tributaries  represent  913  nules.  The 
Dniester  River,  on  the  eastern  frontier,  affords  cheap  transport  from 
Hotin  for  460  rmles  south  to  Cetatea-Alba,  on  a  bay  of  the  Black  Sea, 

AGRICULTURAL  TRADE 

The  administrative  district  of  Transylvania  Ues  west  and  north  of 
the  Carpathian  and  Transylvania  Mountains  and  it  is  economically 
associated  with  central  Europe.  This  region  was  part  of  the  Vienna- 
Budapest  commercial  system  before  the  World  War,  and  its  agricul- 
tural products,  both  raw  and  processed,  were  routed  toward  Austria, 
the  territories  n^w  comprising  Czechoslovakia,  and  toward  Germany. 
The  great  flour  mills  of  this  region  often  imported  wheat  from  the 
old  Kingdom  of  Rumania,  but  seldom  if  ever  did  any  of  the  farm 

Eroducts  cross  the  mountains  toward  the  south  or  east.  On  the  other 
and  the  trade  of  the  old  Kingdom  of  Rumania  and  Bessarabia  is 
associated  with  western  Europe  by  way  of  the  Black  Sea  and  the 
Mediterranean. 

Agencies  of  commercial  firms  in  Vienna,  Prague,  and  Budapest 
buy  up  the  superfluous  farm  products  of  Transylvania  according  to 
the  system  that  was  in  vogue  in  the  former  Kingdom  of  Hungary 
before  the  World  War.  Small  buyers  in  local  market  towns  buy 
direct  from  peasants  and  transport  their  purchases  usually  bv  ox 
team  to  some  market  city  situated  on  a  railroad.  Here  the  proaucts 
are  sold  to  an  agent  of  some  large  firm  in  Hungary,  Austria,  or  other 
country,  who  purchases  only  such  quality  of  product  as  his  clients 
require.  These  purchases  are  then  exported.  Other  products  are 
dumped  on  the  domestic  market  for  local  consumption. 
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In  the  old  Kingdom  of  Rumania  and  in  Bessarabia,  the  system 
followed  is  similar  to  that  in  use  in  Transylvania  except  that  there  are 
estabUshed  export  houses  with  connections  in  western  Europe  who 
ship  grain  on  sample.  There  are  also  Belgian  and  other  nationals, 
who  have  manufacturing  or  other  interests  in  Rumania  and  who 
buy  up  agricultural  products  with  the  earnings  of  enterprises.  They 
export  these  products  to  their  native  countries  as  a  surer  means  of 
transferring  wealth  than  by  cash  transactions  through  banks.  Milling 
and  other  western  European  interests  also  maintain  agencies  in 
Rumania  to  purchase  products  of  the  quality  they  require.  Trade 
in  the  old  Kingdom  is  typified  by  the  way  in  which  the  wheat  crop 
is  moved. 

MOVING  THE  WHEAT  CROP 

Before  the  World  War  the  old  Kingdom  of  Rumania  did  not  have 
enough  freight  cars^^  to  move  the  cereal  crop  the  comparatively 
short  distances  between  points  of  production  and  shipping  points  on 
the  Danube.  A  number  of  cars  were  hired  each  fall  from  Germany. 
The  present  situation  is  acutely  worse  than  that  during  pre-war 
days,  as  the  rolling  stock  of  the  Kingdom,  never  sufficient,  is  inade- 
quate to  the  task  of  moving  the  crop  promptly  to  the  Danube  ports 
before  the  river  freezes. 

Before  the  war  the  bulk  of  the  export  wheat  in  the  old  Kingdom 
and  in  Bessarabia  was  produced  upon  large  estates  in  lots  of  at  least 
one  and  often  of  many  carloads.  This  grain  was  of  uniform  quality, 
so  that  a  buyer  usually  associated  with  some  large  bank,  could  arrange 
with  one  or  more  estate  owners  for  the  shipment  of  grain  at  a  certain 
time.  A  train  of  empties  would  be  placed  at  certain  sidings,  to  which 
the  great  landlords  would  haul  their  grain  in  sacks.  These  sacks, 
of  grain,  of  uniform  weight,  were  then  loaded  into  box  cars  or  on 
flats.  It  was  possible  to  transport  grain  within  24  hours  from  any 
railway  point  in  the  western  part  of  the  old  Kingdom  of  Rumania 
to  shipping  points  on  the  Danube.  Here  the  grain  was  carried  by 
hand  up  the  gangplank  and  dumped  into  the  hold  of  a  river  barge  or 
seagoing  vessel  of  small  tonnage.  Such  cargoes  were  of  fairly  uniform 
quahty  and  could  be  sold  on  the  western  European  market  on  the 
basis  of  a  sample  furnished  by  the  selling  agent. 

The  present  situation  is  entirely  different.  No  large  trainload  or 
shipload  lots  of  uniformly  cleaned  grain  are  now  available.  Each 
peasant  brings  his  small  surplus,  say  2,  5,  or  10  bushels,  to  the  local 
market  or  to  the  nearest  railway  station.  This  grain  is  cleaned 
inadequately  and  always  contains  a  high  percentage  of  other  grains 
and  weed  seeds.  A  small  buyer  meets  the  peasant  and  dickers  for 
his  grain.  The  bargaining  consumes  much  time.  As  soon  as  the 
small  buyer  has  assembled  a  carload  (22,046  pounds)  he  takes  it  to 
the  railway  yards,  where  it  is  stacked  in  sacks  and  given  an  official 
number.  Here  it  is  officially  or  unofficially  sampled.  The  buyer 
can  usually  finance  only  a  single  carload,  which  he  consigns  to  some 
port.  He  then  negotiates  an  advance  from  some  bank  on  the  basis 
of  the  bill  of  lading  and  the  sample.  Upon  receipt  of  money  from 
the  bank  he  goes  out  and  buys  another  carload.  There  are  no  country 
elevators. 

w  Rumanian  freight  cars  are  small  trucks' with  a  capacity  of  10  metric  tons,  or  22,046  pounds,  each. 
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It  is  impossible  for  a  carload  of  grain  which  has  been  purchased 
in  small  lots  from  many  peasants  to  approach  uniformity,  so  that 
Rumanian  wheat,  which  before  the  war  enjoyed  a  certain  reputation, 
has  lost  much  of  its  standing  since  the  land  reform  came  into  oper- 
ation. Western  European  buyers  are  naturally  reluctant  to  handle 
Rumanian  grain  except  as  purchased  through  their  own  resident 
agencies.  These  agencies  finance  small  local  buyers  through  the 
sale  of  foreign  drafts  for  local  currency.  This  often  gluts  the  limited 
money  market  with  foreign  drafts,  thus  increasing  the  value  of  the 
leu  to  such  an  extent  as  to  wipe  out  the  margin  of  profit  on  grain 
transactions,  which  automatically  stops  the  purchase  of  export 
grain. 

Stabilization  of  the  currency  will  reUeve  this  situation;  but  the 
awkwardness  of  assembhng  many  small  lots  of  grain  for  which  actual 
cash  must  be  paid,  as  compared  with  the  former  system  of  arranging 
for  large  consignments  from  estate  owners  whose  accounts  at  their 
bankers  were  credited  with  the  equivalent  money  value  without  local 
transfers  of  cash,  has  greatly  increased  the  cost  of  grain  transactions  in 
Rumania.  The  deterioration  in  the  quahty  of  export  grain  has 
aroused  the  Government,  and  plans  for  grain  standardization  are  being 
discussed.  It  is  improbable  that  much  can  be  accompUshed  in  this 
direction  for  many  years.  There  are  elevators  at  Galati  and  Braila, 
but  they  have  such  small  capacities  and  such  low-grade  equipment 
as  to  be  practically  negUgible  as  far  as  grading  up  the  export  grain  is 
concerned. 

STATUS  OF  FIELD  CROPS  AND  LIVESTOCK 

The  livestock  situation  in  Greater  Rumania  is  somewhat  obscured 
by  recent  droughts  in  Bessarabia  and  the  economic  situations  in 
Transylvania,  but  as  G.  Jonescu-Sisesti,  Rumanian  Minister  of 
Agriculture  and  Domains,  has  pointed  out,  the  land  reform  is  boimd 
to  be  followed  by  increased  livestock  production.^® 

The  destruction  of  farm  animals  in  the  old  Kingdom  of  Rumania 
during  the  World  War  was  so  heavy  that  the  postwar  recovery  has 
been  remarkable.  The  number  of  horses  in  1926  was  1,002,000,  as 
compared  with  the  pre-war  nrnnber  of  895,000.  Other  classes  of 
livestock  in  similar  comparison  were  as  follows:  Cattle  2,529,000  in 
1926,  as  against  2,851,000  before  the  World  War;  sheep,  7,691,000,  as 
against  6,073,000;  and  swine,  1,551,000,  as  against  1,045,000.  These 
increases  in  livestock  are  typical  of  the  increased  influence  of  the 
peasant  system  of  farming  upon  the  agriculture  of  the  old  Kingdom. 

The  pastures  and  meadows  available  to  the  small  peasant  farmer 
are  generally  held  in  common  by  the  whole  village  community.  Each 
peasant  is  entitled  to  graze  a  certain  number  of  animals  in  proportion 
to  the  total  area  of  his  privately  owned  holdings.  If  he  keeps  no 
livestock  he  loses  his  chance  to  realize  a  benefit  from  the  village  coni- 
mons.  Therefore,  according  to  his  means,  each  peasant  keeps  at  his 
small  farmyard  in  the  village  and  on  his  share  of  the  village  pasture 
lands  a  horse  or  an  ox,  a  cow,  and  a  calf  or  two,  two  or  three  pigs, 
three  or  four  sheep,  and  some  chickens.  He  has  more  domestic 
animals  per  acre  than  has  the  owner  of  an  estate.     His  wife  and 

»•  The  Importance  of  the  cultivation  of  plants  for  forage  becomes  clearer  day  by  day;  the  peasants  breed 
numbers  of  cattle,  and  one  result  of  the  agrarian  reform  will  certainly  be  a  restriction  of  cereal  cultivation, 
a  growth  of  industrial  and  forage  cultivation,  and  a  development  of  breeding  {jtO,  p.  9). 
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children  care  for  this  Hvestock  (their  labor  costing  him  nothing), 
and  he  has  proportionately-  more  rough  feed  of  greater  variety  per 
acre  than  has  the  estate  owner. 

The  tendency  is  to  overstock,  to  crowd  pasture  rights  to  the  hmit, 
and  generally  to  keep  a  few  more  animals  than  the  normal  roughage 
will  maintain.  This  leads  to  an  increased  proportion  of  peasant  land 
under  fodder  cereals  and  forage  crops  and  a  proportionately  decreased 
seeding  of  marketable  cereals — wheat  and  sometimes  barley — as  com- 
pared with  the  planting  system  employed  on  large  estates. 

The  tendency  to  overstock  in  Bessarabia  was  as  marked  as  in  the 
old  Kingdom  up  to  1924,  when  a  crop  failure  in  several  departments 
was  followed  by  the  wholesale  marketing  of  cattle  and  hogs.  Bess- 
arabia had  not  yet  recovered,  in  1926,  from  this  great  reduction  in 
livestock  numbers. 

Transylvania  is  a  country  naturally  adapted  to  livestock  production. 
The  industry  was  organized  on  a  commercial  basis  before  the  World 
War.  Large  numbers  of  lean  swine  and  cattle  in  considerable  numbers 
were  shipped  each  year  from  the  Banat  and  from  Crisana  to  the  feed 
lots  near  Budapest  and  in  the  Hungarian  countries  west  of  the  Danube. 
This  industry  has  been  handicapped  by  export  taxes,  and  the  demand 
for  feeders  has  not  been  so  sharp  as  in  the  pre-war  days  because  of  the 
slow  recovery  of  the  Vienna  market.  For  these  reasons  the  land 
reform  has  not  been  followed  by  as  marked  a  trend  toward  increased 
livestock  production  in  Transylvania  as  in  the  old  Kingdom  and  in 
Bessarabia. 

In  the  country  as  a  whole,  cereal  production  has  tended  to  regain 
its  pre-war  status  at  a  more  rapid  rate  than  has  hvestock.  In  1926 
the  number  of  horses  was  98.4  per  cent  of  the  pre-war  average,  the 
number  of  cattle  86.4  per  cent,  the  number  of  sheep  122  per  cent,  and 
the  number  of  swine  97.6  per  cent  of  the  pre-war  average.  Bread 
cereals  in  1926  were  85.6  per  cent  of  the  pre-war  average;  whereas 
corn,  oats,  and  barley  were  all  above  the  1909-1913  average.  The 
fact  that  fodder  cereals  have  increased  and  bread  cereals  have  de- 
creased indicates  that  a  further  expansion  of  the  Hvestock  industry 
may  be  awaited. 

CEREAL  PRODUCTION 

The  peasants  and  the  owners  of  large  estates  exhibited  marked 
differences  in  their  preferences  for  certain  cereals  in  their  planting 
program.  These  preferences  have  undoubtedly  had  a  marked 
influence  upon  the  changes  in  areas  seeded  in  greater  Rumania  to-day, 
as  compared  with  the  areas  seeded  in  the  5-year  period  before  the 
World  War.  But  great  as  were  these  differences  in  preferences, 
shown  in  planting  wheat  or  com,  the  differences  between  the  cultural 
methods  employed  by  the  peasants  and  those  in  use  on  the  large 
estates  were  even  greater. 

METHODS  OF  AGMCULTURE 

Corn 

The  most  favored  cereal  in  Greater  Rumania  is  com.  Com  forms 
the  basis  of  the  diet  of  the  peasants,  who  before  the  war  ate  wheat 
or  rye  bread  only  infrequently.  In  the  old  Kingdom  of  Rumania 
the  early  maturing  varieties  were  favored  because  the  large  landowners 
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demanded  that  the  fields  be  cleared  as  early  as  possible  in  preparation 
for  the  seeding  of  winter  wheat.  The  varieties  usually  planted  were 
as  follows:  Yellow  flint,  a  native  peasant  com  that  ripens  in  150  da^s. 
It  is  the  variety  generally  cultivated.  Moldavian  or  Han^an,  which 
ripens  two  weeks  eariier  than  the  yellow  fUnt,  but  the  yield  is  not 
usually  so  liigh.  Pignoletto,  a  Hungarian  variety.  Szekely,  a 
variety  grown  in  the  mountains  and  an  eariy  ripening  com.  Cin- 
quantino,  a  50-day  com;  an  Itahan  variety  with  a  small  flinty 
kemel.  It  ripens  eariy  and  ships  well,  and  is  in  demand  for  export. 
The  American  varieties  have  not  been  developed  to  meet  conditions 
in  Rumania,  and  the  varieties  planted  do  not  as  a  rule  give  as  large 
returns  of  mari^etable  grain  as  do  the  native  varieties. 

In  the  rotation  of  crops,  corn  usually  alternates  with  w^heat  or 
some  other  cereal,  but  is  often  planted  a  second  year  on  the  same  field. 
Planting  takes  place  late  in  March  or  early  in  April.  In  Moldavia 
and  Bessarabia  the  peasants  sow  com  broadcast  upon  the  unplowed 
ground  and  then  plow  it  under.  When  the  corn  thus  sown  is  about 
3  inches  high  and  the  weeds  are  still  higher,  the  field  is  hoed  with  a 
semicircular  hoe,  the  blade  of  which  is  about  14  inches  broad  by  6  or 
8  inches  deep.  The  w^eeds  and  superfluous  corn  are  then  hoed  out,  and 
the  plants  left  standing  are  hilled.  Sometimes  the  peasants  hoe  to  a 
greater  depth  than  they  had  originally  plowed,  thus  severiiig  the 
horizontal  feeding  roots  and  Lnj  uring  the  plants.  This  deep  hoeing  and 
hilHng  is  repeated  two  or  three  times  during  the  season.  In  harvest- 
ing, the  stalks  are  cut  off  short  with  the  hoe  and  thrown  together  in 
rough  piles.  These  piles  are  often  removed  from  the  field  too  soon 
and  consequently  heat  badly.  Most  of  the  peasants  store  com  in 
some  sort  of  a  crib;  it  is  usually  a  baskethke  affair  made  of  woven 
saplings  and  thatched  with  straw. 

The  system  of  com  culture  employed  in  other  parts  of  Rumania  is 
similar,  with  the  exception  that  the  com  is  planted  after  the  ground 
has  been  plowed.  Even  on  lar^e  estates  few  corn  planters  are  used. 
Holes  are  made  with  a  pointed  stick  at  regular  distances  from  one 
another,  and  two  or  three  kernels  are  dropped  into  each  hole. 

Wheat 

Several  varieties  of  wheat  have  been  developed  in  Rumania  to 
meet  the  varied  soil  and  cUmatic  conditions  of  the  coimtry.  Local 
varieties  are  generally  favored,  although  in  a  few  instances  improved 
varieties  of  Russian,  Hungarian,  and  German  wheat  have  been  sown. 
The  winter  varieties  belong  to  Triticum  wlgare;  the  spring  varieties 
are  durums.  Two  of  the  leading  varieties  of  spring  wheat  are  called, 
Armut,  which  is  genrally  seeded  in  Dobruja,  and  Ghirka,  which  is 
sown  to  a  greater  or  less  extent  in  other  parts  of  Rumania. 

In  rotation  wheat  usually  follows  com,  although  sometimes  it 
foflows  other  grains.  .When  com  is  late  in  ripening,  wheat  often  is 
broadcasted  among  the  standing  stalks,  after  which  the  field  is  hoed  to 
turn  the  grain  under.  Otherwise  fields  are  plowed  shallow  and  are 
harrow^ed  once  before  seeding.  The  peasants  almost  universally 
broadcast  their  wheat,  but  the  large  operators  use  the  grain  driU  to  a 
considerable  extent.  After  seeding,  the  peasants  harrow  the  fields 
once  with  a  harrow  of  the  brush  type.  On  the  large  estates  the  grain 
is  carefully  cleaned  and  is  sometimes  sorted  and  treated  for  smut,  but 
the  peasants  clean  their  grain  only  superficially. 


42         TECHNICAL  BULLETIN  126,  tT.  S.  DEPT.  OF  AGKICULTUEE 

Among  the  peasants  it  is  a  common  practice  to  pasture  the  stock 
in  the  wheat  fields  during  late  fall  and  winter.  In  the  spring  they 
make  little  attempt  to  clean  weeds  from  the  fields.  The  grain  is  har- 
vested in  the  full-ripe  stage.  The  peasants,  and  even  many  of  the 
large  operators,  cut  grain  with  a  sickle,  but  on  some  of  the  estates 
there  are  a  few  mowing  machines,  reapers,  and  binders.  On  the  large 
estates  the  grain  is  bound  into  sheaves.  The  peasants  sometimes 
follow  this  plan,  but  more  often  they  merely  rake  the  wheat  together 
into  cocks. 

The  peasants  seldom  use  threshing  machines  of  any  description,  the 
grain  being  trod  out  according  to  the  ancient  custom.  A  circular  spot 
is  carefully  cleaned  in  a  level  place.  In  the  center  a  tall  stake  is  set 
up,  and  the  groimd  is  watered  and  trod  until  it  is  packed  hard. 
When  the  threshing  floor  is  dry  and  all  the  cracks  are  carefully  filled, 
the  sheaves  are  broken  and  scattered  over  it  to  a  depth  of  a  foot  or 
more.  Then  horses,  and  sometimes  cattle,  are  attached  to  the  stake 
by  a  long  halter  and  are  driven  around  and  around.  When  the 
halter  has  wound  itself  about  the  stake  until  the  animals  are  drawn 
to  the  center  of  the  floor,  the  animals  are  turned  about  and  driven 
in  the  opposite  direction.  This  process  is  repeated  several  times, 
while  the  straw  is  worked  over  with  a  fork.  At  the  end,  the  straw  is 
removed  with  a  fork,  and  the  animals  are  driven  over  the  grain  and 
chaff  very  slowly,  to  effect  the  final  separation  without  forcing  the 
kernels  into  the  ground.  Then  the  chaff  and  grain  are  swept  to  the 
center  about  the  stake  with  a  broom  (a  bimdle  of  twigs  bound  together 
at  one  end).  After  this,  more  sheaves  are  spread  about  and  the 
process  is  repeated. 

The  grain  is  separated  from  the  chaff  by  being  tossed  into  the  air 
against  the  wind.  A  great  deal  of  dirt  becomes  mixed  with  the 
wheat  on  the  threshing  floor,  and  this  is  cleaned  out  by  means  of  a 
large  sieve  suspended  from  a  tripod.  At  the  end  of  the  sifting 
process  the  screener  gives  the  sieve  a  whirhng  motion  which  collects 
in  the  center  a  portion  of  the  wild  oats  or  other  fight  grains  which  are 
always  present.  This  collection  is  removed  with  the  hands.  The 
grain  is  then  considered  ready  for  marketing.  Peasant  grain  must 
always  be  washed  before  it  is  milled. 

The  peasants  have  no  satisfactory  place  to  store  their  grain  and, 
therefore,  must  market  it  as  soon  after  threshing  as  possible.  There  is 
a  little  space  under  the  thatched  roof  of  their  huts  where  a  limited 
quantity  may  be  kept,  but  usually  they  are  forced  to  sell  imme- 
diately, taking  whatever  price  the  buyers  offer. 

Small  Grain  Other  Than  Wheat 

Other  winter  grain  is  seeded  in  the  same  manner  as  wheat.  For 
spring  seeding,  the  ground  is  prepared  by  shallow  plowing  in  which  the 
furrow  is  scarcely  turned — the  soil  is  merely  shoved  over  the  width 
of  the  crude  plow  bottom.  The  field  is  usually  harrowed  once;  then 
the  seed  is  broadcast  and  harrowed  in.  There  is  usually  little  or  no 
selection  or  preparation  of  the  seed.  The  varieties  of  rye  and  oats 
are  locally  developed  strains.  Brewing  barley,  was  formerly  imported 
from  Germany  and  Austria-Hungary;  the  seed  now  used  is  of  the 
same  varieties  as  those  formerly  imported. 

The  general  trend  of  peasant  agriculture  has  been  toward  increased 
seeding  of  spring  as  opposed  to  winter  grain;  corn,  barley,  and  oats 
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are  preferred  to  wheat  or  rye.  These  shifts  in  trends  of  seeding  have 
affected  production  in  each  of  the  various  administrative  districts  now 
constituting  Rumania  somewhat  differently,  depending  for  the  most 
part  upon  the  relative  importance  that  large  estate  farming  had  formerly 
assumed  in  the  agriculture  of  each  district.     (Table  20.) 

Table  20. — Cereals,  potatoes,  and  sugar  beets:  Production  in  Rumania;  average, 
1909-1913,  and  annual,  1925  and  1926 

[In  thousands— i.  e.,  000  omitted] 


Crop  and  year 

Old 
Kingdom" 

Transyl- 
vania 

Bessar 
rabia 

Buko- 
vina 

Wheat: 

Average,  1909-1913 

Buaheli 
93,794 
56,719 

Bxjoheli 
39,828 
39,666 

Bushels 
21,533 
8,296 

Bushels 

916 

1,061 

Bushels 

156, 071 

1925                                  .  .          .                           

104,  741 

1926 

110,882 

Rye: 

Average,  1909-1913          

5,066 
1,961 

6,134 
3,792 

7,625 
1,316 

1,202 
938 

20,027 

1925 1 

7,997 

1926 

11,243 

Total,  bread  cereals: 

Average,  1909-1913 

98,860 
67,670 

46,962 
43,467 

29,168 
9,612 

2,118 
1,999 

176,  098 

1925 

112,738 

1926 

122, 125 



Barley: 

Average,  1909-1913 ..- 

27,133 
30,971 

7,340 
7,830 

28,624 
6,967 

2,187 
1,049 

65,284 

1925 

46, 817 

1926 

73,220 

Oats: 

Average,  1909-1913 

30,019 
31,686 

23,221 
14,035 

6,552 
1,639 

4,980 
3,626 

63,772 

1925 

50,986 

1926.. 

79,850 

Corn: 

Average,  190^1913 

102, 819 
101,502 

66,110 
41, 372 



33,828 
16,582 

2,798 
4,283 

195,  555 

1925 

163,  739 

1926 

203,367 

Total  five  chief  cereals: 

Average,  1909-1913 

258,831 
221,829 

132,633 
106,694 

97, 162 
34,800 

12,083 
10, 957 

500,709 

1925 

374,280 

1926 

478,  562 

Potatoes: 

Average.  190^1913 

»3,382 

» 8, 159 

19,743 
»  23,  593 

4,300 
»3,566 

14,248 
»  24, 033 

» 41, 673 

1925 

»  69, 351 

1926 

Sugar  beets: 

Average,  1909-1913 

Short  tons 
298 
615 

Sliort  tons 
349 
197 

Short  tons 
14 
226 

Short  tons 
55 
151 

Short  tons 
716 

1925 

1,089 

1926 

1,391 

Production  in  1909-1913  in  the  old  Kingdom  of  Rumania,  (.?/,  1914);  that  in  Transylvania,  calculated 
(15);  that  in  Bessarabia  (39,  Ann.  8, 10);  that  in  Bukovina,  cereals  and  potatoes  {i7)  and  sugar  beets  (/). 

Production  in  1925  from  (S6,  1925);  and  production  in  1926  (preliminary),  from  official  sources  of  U.  S. 
Department  of  Agriculture,  Bureau  of  Agricultural  Ecomomics. 

•  Includes  Durostor  and  Caliacra,  1909-1912,  calculated  from  data  in  (fl). 

'  In  addition  to  this  1,188,000  bushels  of  potatoes  were  grown  with  corn. 

» In  addition,  857,000  bushels  of  potatoes  were  grown  with  corn  in  the  old  Kingdom,  1,901,000  bushels  in 
Transylvania,  109,000  bushels  in  Bessarabia,  160,000  bushels  in  Bukovina,  and  3,027,000  bushels  in  total 
Rumania. 

WHEAT 

Before  the  war  the  old  Kingdom  of  Rumania  exported  (net) 
54,434,000  bushels  of  wheat  as  grain  or  flour,  representing  72.1  per 
cent  of  the  net  production.  This  large  percentage  of  the  crop  avail- 
able for  export  was  possible  only  because  wheat  formed  such  a  small 
portion  of  the  cereal  diet  of  the  masses  of  the  population.  The 
peasantry  of  the  old  Kingdom  are  essentially  corn  eaters,  consuming 
as  human  food  and  feeding  to  livestock  an  average  of  12.2  bushels 
per  capita  per  year.  The  peasant  consumption  of  wheat  is  almost 
neghgible;  it  amounts  to  about  one-fourth  of  a  bushel  (0.26  bushel) 
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per  capita  per  year.  City  dwellers  on  the  other  hand  (except  peasant- 
farmers'  famihes  and  other  classes  of  the  very  poor)  consume  prac- 
tically no  corn. 

It  is  estimated  that  the  consumption  of  wheat  in  cities  averages 
about  15.5  ^°  bushels  per  capita  per  year.  The  low  rate  of  rural  con- 
sumption accounts  for  the  low  mean  disappearance  of  wheat  in  the 
old  Eangdom,  which  averaged  2.97  bushels  per  capita  annually 
before  the  World  War.  As  indicated  in  Table  21,  the  average  per 
capita  disappearance  of  wheat  in  Bessarabia  and  Bukovina,  although 
somewhat  greater  than  that  in  the  old  Kingdom,  is  relatively  low  be- 
cause the  cereal  diet  of  the  masses  of  the  population,  just  as  in  the 
old  Kingdom,  consists  chiefly  of  corn. 


Table   21. 


■Wheat:  Statistical   balances   of  Rumania;   average,    1909-1913,   and 
annual,  1921-22  to  1926-27 


Popu- 
lation 1 

Acre- 
age 

Seed 

Production 

Disappearance 

Export 

District 

Gross 

Net 

Statis- 
tical 

Per 

capita 

able 
surplus 

Pre-war  average  1909-1913: 

Old  Kingdom  of  Ruinanias. 

Number 
7, 100, 124 
5,  248,  522 
2,  490,  200 
804,822 
280,  270 

1,000 
acres 
4,576 
2,417 
1,801 
48 
385 

1,000 
bushels 
3  12,263 
6  7, 178 

9  3,424 

144 

1*1,227 

1,000 
bushels 
87,  792 
39,828 
21,533 
916 
6,002 

1,000 
bushels 
75,529 
32,650 
18,109 
772 
4,775 

1,000 

bushels 

21,095 

26,  977 

10  8, 366 

2,704 

1,421 

Bushels 

2.97 

7  5.14 

3.36 

"  3. 36 

i«5.07 

1,000 
bushels 
*  54, 434 
5,673 

Bessarabia  * 

9,743 

13-1,932 

Durostor  and  Caliacra" 

3,354 

Total                  .  . 

15, 923,  938 

9,227 

24,236 

156, 071 

131, 835 

60,563 

3.80 

71,272 

Post-war  period:  " 
1921-22 

16,  255,  000 
16,  500,  000 
16,  736,  000 

16,  976,  000 

17,  216,  000 
16,  736,  600 

6,149 
6,547 
6,643 
7,838 
8,156 
7,067 

18 16, 172 
17,  219 
17,  471 
20,614 
21,450 
18,585 

78,563 

92,007 
102, 120 

70,420 
104,  741 

89,  570 

62,  391 

74,788 
84,649 
49,806 
83,291 
70,985 

58,897 
73,195 
75,829 
46,  697 
73,  498 
65,623 

3.62 
4.44 
4.53 
2.75 
4.27 
3.92 

i»  3, 494 

1922-23 

i»  1, 593 

1923-24                    

19  8, 820 

1924-25 

19  3, 109 

1925-26 

19  9,  793 

Average  1921-22  to  1925-26. 

5,362 

1926-27  .  - 

17,  456,  000 

8,223 

21,  626 

110,882 

89,256 

1  Population,  old  Kingdom  of  Rumania,  1909-1913  (38,  192i,  p.  10);  Transylvania,  1910  {S6,  192S,  p.  IS) 
Bessarabia,  1911,  from  Yurojai,  (88,  pt.  4,  p.  63);  Bukovina,  1910,  (36,  1923,  p.  13);  Durostor  and  Caliacra, 
1910,  calculated  from  (8);  and  Rumania,  1921, 1922,  and  1923,  (36, 192 J^,  p.  10) ;  and  that  for  1924, 1925,  and  1926, 
estimated. 

2  Acreage  and  production  (31  ^  1914). 

3  2.68  bushels  per  acre.    (Estimate  by  Rumania  Department  of  Agriculture.) 

*  Net  exports  of  wheat,  including  wheat  flour,  for  years  beginning  Aug.  1  (17, 1924-26). 

«  Acreage  and  production  calculated  from  (16,  Bd.  17-21). 

«  Estimate  by  Royal  Hungarian  Ministry  of  Agriculture  ,  2.97  bushels  per  acre.    (22,  p.  IS). 

7  (22,  p.  13). 

8  Acreage  and  production,  (39,  Ann.  10). 

9  Seed  for  1911,  from  Yurojai,  (S8,  pt.  1,  p.  63;  pt.  2,  p.  207). 

10  Estimated  from  1902-1911  average  given  in  (4).  Area,  1,939  acres;  production,  21,366,000  bushels;  food 
requirement,  8,366,000  bushels;  exported  by  rail  and  water,  9,355,000  bushels. 

11  Acreage,  production,  and  seed  (27, 1921). 
"  Same  as  for  Bessarabia. 

13  Deficit. 

i<  Acreage  and  production  for  1909-1912,  calculated  from  (9). 
i«  3.187  bushels  per  acre;  same  as  Bulgaria. 
i«  Estimated  to  be  the  same  as  Bulgaria,  1912  boundaries. 

1'  Acreage  and  production  1921  to  1926  from  oflScial  records  of  the  U.  S.  Department  of  Agriculture,  Bu- 
reau of  Agricultural  Economics. 

18  2.63  bushels  per  acre  used  for  1921  to  1926,  as  indicated  in  pre-war  average. 

19  Net  exports  of  wheat,  including  wheat  flour,  for  years  beginning  Aug.  1  (17, 1924-27). 

The  fact  that  the  Bulgarian  inhabitants  of  Durostor  and  Cahacra, 
as  well  as  the  German  and  Hungarian  peoples  in  Transylvania,  are 

*o  This  average  includes  all  city  dwellers  of  all  classes.  The  better  classes  ate  more  wheat  than  this 
average. 
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wheat  eaters  raises  the  per  capita  disappearance  to  about  5.07  bushels 
in  the  former  district  and  to  about  5.14  bushels  in  the  latter. 

Thus,  with  an  estimated  net  production  of  131,835,000  bushels, 
the  pre-war  statistical  disappearance  of  wheat  in  the  territories  that 
now  are  comprised  within  the  boundaries  of  Rumania  averaged 
approximately  60,563,000,  or  3.8  bushels  per  capita.  This  left 
71,272,000  bushels  or  54.1  per  cent  of  the  net  production  as  the 
estimated  exportable  surplus. 

In  1921  the  wheat  acreage  of  Rumania  was  66.6  per  cent  of  the 
1909-1913  average.  Since  then,  until  the  time  this  report  was 
written,  the  recovery  of  wheat  acreage  has  been  continuous  each 
3^ear.  In  1924,  following  the  abolishment  of  the  Government  monop- 
oly for  the  exportation  of  wheat  and  rye,  wheat  acreage  jumped 
1,195,000  acres.  In  1925  it  rose  an  additional  318,000  acres.  Pre- 
liminary reports  for  1926  indicate  a  further  slight  advance  of  67,0C0 
acres.  Nevertheless  the  Rumanian  wheat  acreage  in  1926  was 
still  10.9  per  cent  below  the  pre-war  normal.  It  is  probable  that 
this  8,223,000  acres  planted  in  1926  is  the  level  about  which  future 
wheat  acreage  will  fluctuate  for  some  time.^^  It  is  highly  improbable 
under  the  system  of  peasant  farming  now  estabhshed  in  Riunania 
that  wheat  acreage  will  return  to  the  pre-war  level  maintained 
under  the  former  mfluence  of  large-estate  agriculture. 

Between  1921  and  1926  wheat  yields  fluctuated  from  9  to  15 
bushels  per  acre,  as  compared  with  an  average  of  16.9  bushels  per 
acre  during  the  5-year  period  ended  1913.  Seasonal  fluctuations, 
particularly  the  succession  of  droughts  in  Bessarabia,  have  affected 
this  mean  yield  per  acre.  During  a  series  of  years  the  extremes  of 
such  fluctuations,  caused  by  climatic  influences,  will  average  out; 
but  there  are  other  influences  of  a  lasting  nature  that  have  affected 
the  yield  per  acre  in  Greater  Rumania. 

The  average  yield  of  winter  wheat  in  Bessarabia  during  1909-1913 
was  12.7  bushels,  as  compared  with  16.7  bushels  obtained  under  the 
conditions  of  large-estate  farming,  a  difference  of  4  bushels  per  acre. 
The  peasant  fields  in  old  Rumania  averaged  2.4  bushels  of  wheat 
less  per  acre  than  did  those  of  the  large  estates.  It  is  not  only  prob- 
able that  the  areas  seeded  to  wheat  will  not  return  to  the  normal 
pre-war  levels,  but  it  is  certain  that  present  peasant  methods  of 
agriculture  can  not  produce  the  results  that  were  obtained  on  the 
large  estates.  A  radical  change  in  peasant  farm  methods  would  have 
to  be  effected  to  accomplish  this  end.  Thus  the  reduction  in  the 
exportable  surplus,  which  results  from  lower  yields  per  acre,  will 
continue  for  many  years. 

During  the  5-year  period  ended  1925  the  disappearance  of  wheat 
averaged  65,623,000  bushels,  as  contrasted  with  60,563,000  bushels, 
estimated  to  be  the  average  annual  disappearance  during  1909-1913. 
In  the  first  instance  the  higher  wheat  disappearance  is  unques- 
tionably associated  with  increased  population,  which  averaged 
16,736,600  during  the  postwar  period  under  consideration,  whereas 
official  estimates  place  the  pre-war  population  of  the  territories 
comprising  Greater  Rumania  at  15,923,938.  On  the  other  hand 
the  average  per  capita  disappearance  of  wheat  has  increased  from 
3.8  bushels  annually  during  1909-1913  to  3.92  bushels  during 
1921-1925.     Statistical  disappearance  during  1923-24  even  reached 

*i  Preliminary  figures  for  1927  indicate  a  drop  of  660,000  acres,  to  a  total  of  7,663,000  acres. 
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4.53  bushels  per  capita.  This  increased  per  capita  disappearance 
indicates  a  higher  standard  of  hving,  particluarly  in  the  rural  districts. 
The  Rumanian  peasants,  who  formerly  consumed  only  a  fraction  of 
a  bushel  per  capita  each  year  are  eating  more  wheat,  whereas  city 
populations  have  been  forced  to  restrict  their  wheat  consumption. 
Thus,  in  February,  1925,  Article  IV  of  the  New  Regime  of  Wheat, 
Flour,  and  Bread  states  (29) : 

The  mayoralties  of  urban  communes  are  authorized  to  fix,  if  required,  weekly- 
days,  during  which  the  production  of  bread  of  any  kind  shall  be  prohibited,  the 
populace  during  these  days  shall  have  to  feed  with  maize  flour. 

The  advanced  standard  of  living  adopted  by  the  Rumanian  peas- 
ants is  an  established  fact.  It  will  be  impracticable  to  restrict 
their  wheat  consumption  by  official  proclamation.  Only  a  very 
slightly  increased  consumption  per  capita  in  rural  districts  will 
practically  wipe  out  the  exportable  surplus  now  produced. 

Taking  into  consideration  decreased  wheat  areas,  decreased 
yields  per  acre,  increased  population,  and  increased  consumption 
per  capita,  which  are  all  factors  of  greater  or  less  permanence,  it  is 
improbable  that  Rumania  can,  for  many  years,  regain  the  wheat- 
exporting  status  attained  during  1909-1913. 

Flour  Milling 

There  is  a  grist  mill  in  practically  every  village.  As  is  generally 
the  case  throughout  central  Europe,  most  of  these  mills  are  small, 
primitive  wind  or  water  mills.  There  may  be  several  of  these 
small  mills  in  a  single  village.  It  is  estimated  that  more  than  7,000 
such  mills  are  operating  in  Rumania.  In  the  Dobruja,  the  Banat, 
and  a  few  other  localities  they  are  fitted  to  grind  wheat  and  rye; 
but  in  Transylvania,  in  most  of  the  old  Kingdom,  and  in  Bessarabia, 
the  small  village  mill  is  equipped  to  grind  corn  only  for  peasant  use, 
since  in  hundreds  of  localities  there  was  formerly  almost  no  demand 
for  wheat  flour  except  upon  Easter  and  a  few  other  church  holidays. 

Many  large  estates  operate  fair-sized  mills  driven  by  oil,  steam, 
or  gas  engines,  which  grind  a  flour  of  fair  quality  for  local  consump- 
tion. These  mills,  although  doing  a  large  custom  business,  are 
only  semicommercial  in  character. 

Several  hundred  large  commercial  mills  produce  flour  of  various 
grades  for  domestic  use  and  speciahzed  grades  for  export.  In  the 
western  part  of  the  old  Kingdom  the  wheat  is  soft  and  the  flour  is  of 
mediocre  quality,  but  Bucharest  is  a  large  milling  center,  and  there 
are  also  several  large  mills  in  the  western  mountain  and  Danube  dis- 
tricts. The  hard  wheats  of  Moldavia  and  Dobruja  produce  first- 
class  flour.  There  are  large  mills  at  Galati,  Braila,  Constanta,  and 
Sulina.  These  four  mills  produce  a  large  part  of  the  total  export 
flour  of  the  old  Eangdom,  of  which  65,281  short  tons  were  shipped  to 
Turkey  in  1913;  33,582  short  tons  to  Egypt;  and  11,990  short  tons 
to  Greece. 

The  flour  produced  from  the  hard  Bessarabian  wheat  at  the  Kogan 
mills  of  Chisinau  was  equal  to  the  best  Hungarian  grades.  There 
were  mills  at  each  of  the  county  seats  in  this  administrative  district 
which  shipped  large  quantities  of  flour  to  the  interior  of  Russia  before 
the  World  War. 
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There  were  four  milling  centers  in  Bukovina,  the  most  important 
being  at  Cemauti.  These  mills  utilized  wheat  imported  from  the 
old  IGngdom  of  Rumania  and  Bessarabia;  they  ground  flour  for 
domestic  consumption  and  some  for  export  to  Galicia  (now  part  of 
Poland). 

There  were  21  commercial  mills  in  the  Seven  Mountain  district  in 
Transylvania  in  1913.  The  largest  of  these  mills,  located  at  Alba- 
Julia,  Odorhei,  and  Cluj,  produced  flour  almost  exclusively  for  domes- 
tic use.  There  were  39  mills  in  the  Banat  and  Crisana  in  1913,  the 
largest  centers  being  at  Oradea-Mare,  Arad,  Deta,  Timisoara,  and 
Oravita.  The  product  of  these  mills,  which  is  of  very  high  grade, 
was  shipped  to  the  interior  of  the  Austro-Hungarian  Empire  and  to 
central  Europe,  in  competition  with  Budapest  brands  of  flour. 

The  pre-war  capacity  of  the  mills,  both  large  commercial  and  small 
village  enterprises,  in  the  present  administrative  district  of  Tran- 
sylvania, was  large  enough  to  handle  aU  of  the  wheat  required  for 
domestic  consumption,  estimated  at  26,977,000  bushels.  The  old 
Kingdom  of  Rumania  shipped  annually  4,001,000  bushels  of  wheat 
across  the  Transylvanian  Alps  and  the  Carpathian  Mountains  to 
Austria-Hungary  during  1909-1913.  It  is  posssible  that  some  of  this 
wheat  may  have  found  its  way  to  the  mills  located  in  present  Czecho- 
slovakia but  it  is  more  than  probable  that  most  of  the  importation 
from  Rumania  was  ground  at  the  large  commercial  mills  in  the  Seven 
Mountain  district,  the  Banat,  and  Crisana  and  was  forwarded  to 
central  Europe  as  flour  rather  than  as  grain. 

Before  the  World  War  the  large  commercial  miUs  in  Greater 
Rumania  and  the  hundreds  ^^  of  small  village  mills  ground  60,563,000 
bushels  of  wheat  for  domestic  consumption.  In  addition,  the  mills 
of  the  old  Kingdom  ground  an  average  of  3,264,000  bushels  of  wheat 
exported  annually  as  flour,  and  the  Transylvanian  mills  ground  prob- 
ably more  than  5,673,000  bushels  for  export.  It  is  not  possible  to 
estimate  the  wheat  equivalents  of  the  export  flour  produced  in  Bessa- 
rabia, Bukovina,  of  tne  territories  acquired  from  Bulgaria. 

The  export  of  wheat  flour  as  a  private  enterprise  was  prohibited 
from  1921  until  November  24,  1923,  at  which  time  a  decision  was 
pubhshed  permitting  its  export  upon  payment  of  a  tax  of  3,500  lei  per 
metric  ton  (2,204.  6  pounds),  equivalent  to  $15.88  ^  per  short  ton. 

But  the  millers  were  unable  to  take  advantage  of  the  provisions  of 
the  decision  to  the  fullest  extent  because  the  exportation  of  wheat  was 
also  permitted  with  a  relatively  much  lower  tax  (see  p.  9).  As 
the  iniUs  in  Hungary  were  able  to  buy  Rumanian  wheat  at  a  figure 
considerably  less  than  that  the  Banat  mills  had  previously  paid,  the 
latter  had  great  difficulty  in  competing  for  their  former  markets 
in  Czechoslovakia  and  Austria.  The  mills  in  Transylvania  will  have 
to  contend  with  this  situation  unless  they  are  protected  by  special 
legislation,  because  buyers  from  foreign  countries  who  have  agencies 
in  Rumania  will  continually  attempt  to  gain  control  of  such  classes  of 
wheat  as  are  required  by  the  millers  of  their  respective  countries. 

The  mills  of  Rumania,  in  1926,  were  equipped  to  grind  probably  the 
entire  net  production  of  the  Kingdom  amounting  to  nearly  90,000,000 

**  There  were  475  commercial  mills  and  7,000  small  village  mills  operating  in  Greater  Rumania  in  1919. 
*>  In  November,  1923,  the  Rumanian  leu  was  equal  to  0.5  cent. 
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bushels,  but  will  now  have  difficulty  in  assembling  the  amount  of  first- 
class  wheat  they  require  because  of  the  activities  of  foreign  buyers. 
The  proximity  of  the  surplus-producing  districts  to  the  Danube  and 
the  pre-war  customs  of  the  grain  trade  make  it  easier  to  export  wheat 
as  grain  than  in  the  form  of  flour.  Most  of  the  wheat  flour  exported 
in  1923  was  shipped  to  Switzerland,  Hungary,  Austria,  and  Czecho- 
slovakia. Smaller  shipments  were  made  to  Turkey,  Germany,  and 
Greece. 

It  is  probable  that  there  will  be  some  improvement  in  wheat 
acreage  in  Greater  Rumania  and,  when  seasonal  fluctuations  are 
favorable,  that  production  will  rise  even  higher  than  in  1926.  On 
the  other  hand,  the  quality  of  the  product  is  lower,  and  more  grain 
than  formerly  is  used  in  supplying  the  domestic  requirements  of 
flour.  With  an  increasing  population  and  an  increasing  per  capita 
consumption  of  wheat  bread,  all  probabilities  point  toward  far  lower 
exportable  surpluses  in  Greater  Rumania  than  were  shipped  by  these 
districts  to  other  regions  before  the  World  War. 

As  indicated  in  Table  22,  Austria  was  the  chief  customer  for 
Rumanian  wheat  and  wheat  flour  in  1923,  followed  by  Switzerland, 
Hungary,  and  France. 

Table  22. — Wheat,  including  wheat  flour:  Net  exports  of  the  old  Kingdom  of 
Rumania,  calendar  years,  average,  1909-1913,  and  of  Greater  Rumania,  1923 
{35) 


Country  to  which  exported 


Austria 

Hungary 

Belgium 

Bulgaria 

Czechoslovakia. 

Egypt 

England 

France 

Germany 

Gibraltar 

Greece 

Holland 


Average 
1909-1913 


Bushels 

\  4,  239, 965 

22,907,743 
2  29,001 


881, 159 
1, 450,  867 
3,  583,  569 
1, 194, 172 
1,  552,  021 

156.  553 
5,  217,  622 


19231 


Bushels 
713, 852 
515,907 
107,684 

2  15 

V5, 931 

41,289 
284,406 
54,732 
33,589 
29,083 
8,336 


Country  to  which  exported 


Italy... 

Poland 

Portugal 

Russia 

Serbia 

Spain 

Switzerland 

Turkey 

other  countries- 


Total. 


Average 
1909-1913 


Bushels 
7, 800, 179 


10,506 

4,615 

12,249 

635,223 

2,126 

2, 421,  330 

251,  398 


52, 192, 296 


19231 


Bushels 
102 
3,662 

<2 

5,879 

559, 832 

30,  338 

34,  525 


2,499,130 


1 1923  is  the  only  postwar  year  for  which  data  are  available  by  countries. 

» Net  imports. 

'  If  any,  included  in  other  countries. 

*  Net  imports  for  Yugoslavia. 

RYE 

Before  the  World  War  the  old  Kingdom  of  Rumania  exported 
(net)  2,967,000  bushels  of  rye,  whereas  the  total  estimated  exportable 
surplus  of  those  territories  that  now  form  Greater  Rumania  approx- 
imated 8,379,000  bushels.  Rye  was  not  an  important  cereal  crop 
except  in  Bukovina  and,  as  compared  with  wheat,  the  domestic 
disappearance  of  rye  was  low,  averaging  before  the  war  only  about 
half  a  bushel  per  capita.     (Table  23.) 
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Table  23. — Rye:   Statistical   balances   of   Greater  Rumania,  average,  1909-1913, 
and  annual,  1921-22  to  1926-27 


Acreage 

Seed 

Production 

Disappearance 

Export- 
able 
surplus 

District 

Gross 

Net 

Statis- 
tical 

Pen 
capita 

Pre-war  averaee.  1909-1913: 

Old  Kingdom  of  Rumania  » 

1,000 

acres 

316 

308 

616 

67 

20 

1,000 

bushels 

»831 

«936 

» 1,108 

212 

"61 

1,000 
bushels 
4,652 
6,134 
7,625 
1,202 
414 

1,000 

bushels 

3,821 

5,198 

6,617 

990 

353 

1,000 

bushels 

854 

4,146 

»o  2,  416 

781 

303 

Bushels 
0.12 

7.79 

.97 

1J.97 

"1.08 

1,000 
bushels 
*2,9f.7 
1,052 

Bessarabia «._ 

4,101 

Bukovlna"..   ,       ,  _  __  . 

209 

Durostor  and  Caliacra  ". . 

50 

Total  Greater  Rumania 

1,227 

3,148 

20,027 

16, 879 

8,500 

.63 

8,379 

Post  war  period:  >* 
1921-22. 

795 
659 
668 
671 
608 

1^2,043 
1,694 
1,717 
1,724 
1,717 

9,081 
9,206 
9,607 
5,963 
7,997 

7,038 
7,512 
7,890 
4,239 
6,280 

6,826 
7,493 
6,676 
3,812 
6,160 

.36 
.46 
.40 
.22 
.36 

"  1, 212 

1922-23.- 

>8  19 

1923-24.. 

"  1, 214 

1924-25. 

18  427 

1925-26 

«8  120 

Average,  1921-22  to  1925-26 

692 

1,779 

8,371 

6,592 

6,994 

.36 

598 

1926-27. 

731 

1,879 

11,243 

9,364 

>  See  Table  21  on  wheat  for  populations. 

»  See  note  2,  Table  21. 

»  2.63  bushels  per  acre.     (17,  191S-I4,  p.  727). 

<  Net  exports  of  rye,  including  rye  flour,  for  years  beginning  Aug.  1  {17, 1925-26). 

5  See  note  5,  Table  21. 

•  3.04  bushels  per  acre.    Estimated  by  Royal  Hungarian  Ministry  of  Agriculture  {22,  p.  16). 
">  {St,  p.  16). 

*  See  note  8,  Table  21. 
»  See  note  9,  Table  21. 

•0  Estimated  from  1902-1911  average  given  in  (4).    Area,  522,000  acres;  production,  7,023,000  bushels; 
seed,  1,086,000  bushels;  food  requirement,  2,416,000  bushels;  export,  3,521,000  bushels. 
>•  See  note  11,  Table  21. 
"  Same  rate  as  in  Bessarabia. 
"  See  note  14,  Table  21. 
»  3,042  bushels  per  acre,  same  as  Bulgaria. 
"  Same  rate  as  Bulgaria  1912  boundaries. 
"  See  note  17,  Table  21. 

"  2.57  bushels  per  acre  used  for  1921  to  1926  as  indicated  in  pre-war  average. 
"  Net  exports  of  rye,  including  rye  flour,  for  years  begiiming  Aug.  1  {17, 1924,  p.  27). 

In  1921,  the  rye  acreage  of  Greater  Rumania  was  64.8  per  cent  of 
the  estimated  pre-war  average  for  the  territories  comprising  the 
present  ICingdom.  Since  then,  acreage  of  rye  has  fluctuated  con- 
siderably, with  a  downward  tendency,  and  in  1926  only  731,000  acres 
were  seeded,  as  contrasted  with  1,227,000  acres  before  the  World  War. 

Rye  was  the  least  important  of  the  five  chief  cereals  before  the  war 
in  all  districts  except  Bukovina,  where  its  acreage  exceeded  that  of 
wheat  during  1909-1913,  and  in  Bessarabia,  where  its  acreage  exceeded 
that  of  oats.  Since  the  organization  of  Greater  Rumania  rye  cultiva- 
tion has  taken  a  subordinate  place  even  in  Bukovina  and  Bessarabia. 

Before  the  World  War,  about  8,500,000  bushels  of  rye,  or  0.53 
bushel  per  capita,  was  consumed  annually  in  the  districts  which  now 
comprise  Greater  Rumania.  During  the  period  1921-1925,  total 
disappearance 'of  rye  averaged  5,994,000  bushels,  or  0.36  bushel  per 
capita. 

Although  per  capita  consumption  has  decreased,  production  has 
fallen  off  to  a  much  greater  degree,  so  that  average  net  exports  of 
rye  during  the  5-year  period  ended  1925  were  only  598,000  bushels, 
or  about  7.1  per  cent  of  the  estimated  pre-war  rye  surplus,  which 
approximated  8,379,000  bushels  annually  during  1909-1913. 

44874°— 29 4 
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There  has  been  a  strong  trend  toward  the  abandonment  of  rye  in 
recent  years  not  only  in  Rumania  but  generally  throughout  the 
Danube  Basin  except  in  Hungary.  It  is  therefore  improbable  that 
rye  acreage  in  Rumania  will  recover  its  pre-war  level.  It  is  also 
practically  certain  that  yields  per  acre  will  continue  to  average  lower 
than  the  pre-war  averages.  Domestic  consumption  will  probably 
rise  somewhat  higher  than  the  low  levels  indicated  by  the  1921-1925 
average.  For  these  reasons  future  exportation  of  rye  from  Greater 
Rumania  will  probably  be  neghgible.    (Table  24.) 

Table  24. — Rye,  including  rye  flour:  Net  exports  of  the  old  Kingdom  of  Rumania, 
average,  1909-1913,  and  of  Greater  Rumania,  1923  {35) 


Country  to  which  exported 


Austria 

Hungary 

Belgium 

Czechoslovakia- 
Denmark 

England 

France.- 

Germany 

Gibraltar 

Holland 


Average 
1909-1913 


Bushels 

47, 028 
1, 493,  742 


19,985 

162, 029 

89,007 

96,  226 

2,358 

1, 440,  867 


1923 


Bushels 
108, 834 


134, 838 
3,105 


12,  539 
9,448 


77,067 
14,  647 


Country  to  which  exported 


Italy 

Norway 

Poland 

Russia - 

Spain— -- 

Turkey 

Other  countries. 

Total 


Average 
1909-1913 


Bushels 
104,  225 
40,129 


2  34,  946 

5,545 

18,281 

34,  702 


3,  519, 178 


1923  1 


Bushels 


1,240 
9,448 


407, 190 


1923  is  the  only  post-war  year  for  which  data  are  available  by  countries. 
Net  imports. 


Before  the  World  War  Belgium  and  Holland  purchased  almost  the 
entire  exported  surplus  of  rye  from  the  old  Kingdom  of  Rumania. 
In  1923  Belgium  and  Austria  were  Rumania's  best  rye  customers, 
followed  by  Gibraltar.     (Table  24.) 

BARLEY 

One  of  the  striking  series  of  changes  in  cereal  acreages  since  the 
World  War  has  been  that  of  barley.  During  the  1909-1913  period 
the  territories  now  comprising  Greater  Rumania  seeded  annually  an 
average  of  3,502,000  acres  to  barley.  In  1921  the  area  under  barley 
jumped  to  3,878,000  acres  and  continued  to  increase  until  1923,  when 
it  was  1,140,000  acres  above  the  pre-war  average.     (Table  25.) 

The  domestic  sale  and  exportation  of  barley  have  been  hampered 
to  a  less  degree  than  the  domestic  sale  and  exportation  of  wheat,  and 
this  has  naturally  had  a  favorable  effect  upon  barley  cultivation. 
Nevertheless  the  chief  factors  associated  with  increased  barley  acre- 
ages have  been  those  attending  the  land  reform. 
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Table  25. — Barley:  Statistical  balances  of  Greater  Rumania;  average,  1909-1913, 
and  annual,  1921-22  to  1926-27 1 


Acreage 

Seed 

Production 

Disappearance 

surplus 

District 

Gross 

Net 

Statis- 
tical 

Per 
capita  1 

Pre-war  average,  1909-1913: 

Old  Kingdom  of  Rumania  > 

Transylvania  * 

1,000 

acres 

1,319 

317 

1,661 

83 

122 

1,000 

bushels 

»3,680 

•919 

"3,485 

•»224 

'•381 

1,000 
btishels 

24,987 
7,340 

28,624 
2,187 
2,146 

1,000 
bushels 

21, 307 
6,421 

25,139 
1,963 
1,765 

1,000 

btishels 

4,5«6 

'8,437 

"8,126 

2,624 

528 

Bushels 

0.64 

1.61 

3.26 

1*3.26 

"1.86 

1,000 
bushels 

«  16, 741 
«  -2,016 

Bessarabia '  .   . 

17, 013 

Bukovina  '» 

"-661 

Durostor  and  Caliacra  '* 

1,247 

Total,  present  Rumania 

3,502 

8,689 

65,284 

56,595 

24,271 

1.52 

32,324 

Post-war  period:  '» 

1921-22 

3,878 
4,269 
4,642 
4,573 
4,211 

»»  9,  617 
10,587 
11,512 
11,341 
10,443 

44,254 
93,  778 
60,870 
30,  759 
46,  817 

34,637 
83,191 
49,358 
19, 418 
36,374 

19,  215 
43,084 
28,166 
11,885 
23,758 

1.18 
2.61 
1.68 
.70 
1.38 

M  15, 422 

1922-23—. 

»  40, 107 

1923-24 

»  21, 192 

1924-25 

»7,633 

1925-26.— 

«  12,  616 

Average  1921-22  to  1925-26 

4,315 

10,700 

55,296 

44,596 

25,222 

1.61 

19,374 

1926-27 

3,834 

9,508 

77,390 

67,882 

1  See  Table  21  on  wheat,  for  populations. 
»  See  note  2,  Table  21. 

'  2.79  bushels  per  acre.    (17, 191S-14,  p.  727). 
*  Net  exports  for  years  beginning  Aug.  1  {17, 1925-26). 
»  See  note  5,  Table  21. 

«  2.90  bushels  per  acre.    Estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  {22,  p.  SS). 
7  Estimated  domestic  requirement  {22,  p.  22,  Table  19). 
« Deficit. 

»  See  note  8,  Table  21. 
»"  Seed  for  1911  from  Yurojai  {S8,  Pt.  I). 

»!  Estimated  from  the  1902-1911  average  given  in  {4).    Area,  1,318,000  acres;  production,  19,851,000  bushels; 
disappearance,  8,  126,000  bushels;  export,  8,839,000  bushels. 
"  Acreage  and  production  (27, 1921). 

"  2.7  bushels  per  acre.    Estimated  to  be  the  same  as  Hotin  Uyezd  in  Russia,  from  Yurojai  (55,  Pt.  IT). 
><  Estimated  to  be  the  same  as  Bessarabia. 
15  See  note  14,  Table  21. ' 
ifi  3.122  bushels  per  acre;  same  as  Bulgaria. 
"  Estimated  to  be  the  same  as  Bulgaria,  1912  boundaries. 
"  See  note  17,  Table  21. 

»  2.48  bushels  per  acre  used  for  1921  to  1926,  as  indicated  in  pre-war  average. 
»  Net  exports  of  barley  for  years  beginning  Aug.  1  {17, 1924,  P-  ^7). 

During  the  period  of  assignment  the  peasants  were  usually  given 
their  allotments  of  land  in  the  fall  or  winter  after  the  previous  crop 
had  been  removed.  They  planted  their  new  holdings  the  following 
spring.^*  The  peasants  were  unaccustomed  to  planting  spring  wheat, 
the  seed  of  which  was  not  available  in  large  quantities  except  perhaps 
in  Bessarabia.  Therefore,  each  peasant  seeded  his  newly  acquired 
holdings  with  whatever  other  spring  grain  he  found  at  hand — corn, 
oats,  or  barley. 

The  transfers  of  lands  to  the  peasants  were  practically  concluded 
by  1926,  when  only  a  few  hundred  acres  remained  unallotted  or  in 
process  of  adjustment.  The  peasants  will  thus  no  longer  be  faced 
with  the  problem  of  having  land  to  seed,  with  no  plan  aa  to  what  to 
plant.  The  areas  seeded  to  various  cereals  are  assimiing  proportions 
governed  by  the  agricultural  habits  of  the  peasants,  and  estates  as 
modified  from  year  to  year  by  the  current  economic  conditions. 

There  is  no  brewing  industry  of  importance  south  or  east  of  the 
Carpathian-Transylvanian  Ranges  of  mountains,  nor  is  barley  fed 

«  In  1922  the  peasants  seeded  3,743,000  acres  more  than  in  1921  and  the  following  year  an  additional  2,181,- 
000  acres.     These  increases  in  peasant  seedings  continued  yearly  until  1925. 
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to  livestock  in  any  appreciable  quantities  in  the  old  Kingdom,  in 
Bessarabia,  or  in  Bukovina.  Corn  rather  than  barley  is  fed  to  live- 
stock, particularly  to  hogs,  in  Transylvania.  But  it  is  probable  that 
with  larger  areas  put  under  barley  from  year  to  year,  and  with  cheaper 
barley  supplies  available,  this  cereal  may  be  utilized  more  in  livestock 
production  in  the  future  than  it  has  been  in  the  past,  but  it  is  more 
than  probable  that  increased  production  of  barley  will  be  accom- 
panied by  increased  exportation  as  well  as  increased  internal  dis- 
appearance. 

As  indicated  in  Table  25,  the  1926  production  has  been  placed  at 
77,390,000  bushels.  If  the  per  capita  disappearance  is  assumed  to  be 
at  least  equal  to  that  of  1925,  the  total  disappearance,  including  seed, 
in  greater  Riunania  during  1926-27  should  be  not  less  than  33,597,000 
bushels.  This  would  release  about  43,793,000  bushels  for  export. 
It  is  improbable  that  all  of  this  large  quantity  of  barley  will  be  sent 
abroad.  Some  of  the  surplus  may  be  fed  to  livestock,  although  the 
amount  that  might  be  thus  utilized  is  uncertain. 

Before  the  World  War,  Belgium  was  the  leading  barley  customer 
of  the  old  Kingdom  of  Rumania,  followed  by  HoEand,  England,  and 
Germany.  In  1923  Rumania  exported  37,875,909  bushels  of  barley, 
of  which  14,484,000  bushels  went  to  Belgium,  7,041,000  bushels  to 
Germany,  4,079,000  bushels  to  France,  3,443,000  bushels  to  Gibraltar, 
1,975,000  to  Greece,  1,700,000  bushels  to  Holland,  1,016,000  to  Austria, 
and  smaller  quantities  to  other  countries.     (Table  26.) 


Table  26.- 


-Barley,  including  malt:  Net  exports  of  the  old  Kingdom  of  Rumania, 
average,  1909-1913,  and  of  Greater  Rumania,  1923  (35) 


Country  to  which 
exported 


Austria.  > 

Hungary 

Belgium 

Bulgaria-- 

Czechoslovakia- 
Denmark -- 

Egypt 

England --. 

France - 

Germany 

Greece 

Gibraltar 

Holland 


Average 
1909-1913 


Bushels 

476, 986 

7, 220,  767 
41,406 


31,237 

36,028 

2,  600,  885 

162,  010 

1,  323,  768 

11,926 
758,  314 

2,  688,  704 


1923  1 


Bushels 
1,016.438 
54, 089 
14,  484.  247 


10,  908 
(') 

981,  735 
4, 079,  250 
7, 040,  969 
1, 975,  308 
3,  443,  373 
1,  699,  941 


Country  to  which 
exported 


Italy 

Norway-- 

Poland 

Russia - 

Serbia 

Spain 

Sweden 

Switzerland 

Turkey 

other  countries- 


Total - 


Average 
1909-1913 


Bushels 
361,  761 
10,  774 


3  14, 110 
29,394 
3,730 
(2) 


562,324 
13,747 


16,  319,  651 


1923 


Bushels 

133,  740 

13,995 

61, 822 

*  56,  500 

»  28,  732 

10,104 

137,  933 

342,  887 

185,  300 

2,118,638 


37, 875, 909 


1 1923  is  the  only  postwar  year  for  which  data  are  available  by  countries. 

2  If  any,  included  in  other  countries. 

3  Net  imports. 

<  For  Ukraine  only. 
'  For  Yugoslavia. 

OATS 

Before  the  World  War  the  old  Kingdom  of  Rumania  exported  (net) 
10,421,000  bushels  of  oats  annually.  Each  of  the  other  adminis- 
trative districts  now  comprising  Greater  Rumania,  except  Durostor 
and  Caliacra,  also  produced  surpluses  of  oats,  bringing  the  total  up 
to  18,426,000  bushels.  Net  production  averaged  55,361,000  bushels, 
leaving  36,935,000  bushels  or  19.37  bushels  per  horse,  available  for 
domestic  use,  as  indicated  in  Table  27. 
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Table  27. — Oats:  Statistical  balances  of  Greater  Ruviania,  average,   1909-1913, 
and  annual,  1921-22  to  1926-27 


Acreage 

Seed 

Production 

Disappearanoe 

surplus 

District 

Gross 

Net 

Statis- 
tical 

Per 

bead 

of  horses' 

Pre-war  average,  190&-1913: 

Old  Kingdom  of  Rumania  » 

Transylvania* 

1,000 
acres 
1,106 
763 
178 
118 
42 

1,000 

bushels 

*3,702 

6  3, 319 

»691 

"526 

1*173 

1,000 

bushels 

29,047 

23,221 

5,552 

4,980 

972 

1,000 

bushels 

25,345 

19,902 

4,861 

4,454 

799 

1,000 

busheU 

14,924 

'  16, 845 

3,495 

668 

1,103 

Bushels 

18.09 

32.96 

«o  8. 11 

13  8.11 

«  16.  76 

1,000 
Imshels 
*  10, 421 
3,057 

Bessarabia* 

1,366 

Bukovina  '•.  . 

3,886 
17-304 

Durostor  and  Caliacra  " 

TotAl,  Greater  Rumania.. 

2,206 

8,411 

63,772 

65,361 

36,935 

19.37 

18,426 

Post-war  period:  " 

1921-22 

3,062 
3,295 
3,324 
3,056 
2,928 

i»  11, 672 
12,561 
12, 671 
11,649 
11, 162 

66,356 
92,073 
62,665 
42,013 
50,986 

54,684 
79, 512 
49,994 
30,364 
39,824 

42,092 
58,710 
46,315 
25,240 
38,094 

24.95 
32.58 
25.34 
13.68 
20.99 

»  12,  592 

1922-23 

»  20, 802 

1923-24  . 

M  3, 679 
»5, 124 

1924-25 

1925-26 

»  1,730 

Average,  1921-22  to  1925-26 

3,133 

11,943 

62,819 

50,876 

42,091 

23.45 

8,785 

1926-27 

2,665 

10, 169 

79,860 

69,  691 

1  See  Table  37  for  number  of  horses. 

»  See  note  2,  Table  21. 

»  3.35  bushels  per  acre  (17.  1915-14,  P-  727). 

*  Net  exports  of  oats  for  the  years  beginning  Aug.  1  (17,  1925-26). 

*  See  note  5,  table  21. 

«  4.35  bushels  per  acre.    Estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  (22,  p.  26). 

7  Estimated  requirement  (22,  p.  25). 

« See  note  8,  Table  21. 

»  See  note  9,  Table  21. 

"Estimated  from  1902-1911  average  given  in  (4).  Area,  179,000  acres;  production,  4,963,000  bushels, 
export,  1,334,000  bushels;  and  disappearance,  2,926,000  bushels.  Number  of  horses  in  Bessarabia  in  1906, 
361,000. 

1'  Acreage  and  production,  (27, 1921). 

"  4.46  bushels  per  acre.  Estimated  to  be  the  same  as  Hotin  Uyezd,  Russia;  from  Yurojai  (S8,  pt.  II, 
p.  21 S). 

n  Estimated  to  be  the  same  as  Bessarabia. 

»  See  note  14,  Table  21. 

1*  4.123  bushel  per  acre;  same  as  total  Bulgaria. 

>*  Estimated  to  be  the  same  as  Bulgaria,  1912  boundaries. 

"  Deficit. 

"  See  note  17,  Table  21. 

i»  3.812  bushels  per  acre  used  for  1921-1926,  as  indicated  in  pre-war  average. 

">  Net  exports  of  oats  for  years  beginning  Aug.  1  (17, 1924-1927). 

During  the  5-year  period  ended  1925  disappearance  of  oats  in 
Greater  Rumania  averaged  42,091,000  bushels  or  23.45  bushels  per 
horse.  Gross  production  during  this  period  averaged  953,000  bushels 
below  the  1909-1913  average;  but  increased  acreage  brought  the 
seed  requirement  up  to  3,532,000  bushels  more  than  before  the 
World  War.  Consequently  net  production  was  only  50,876,000 
bushels,  as  compared  with  the  1909-1913  average  of  55,361,000 
bushels.  Annual  export  averaged  about  8,785,000  bushels  or  nearly 
10,000,000  bushels  below  the  pre-war  normal. 

As  in  the  case  of  barley,  the  peasants  expanded  the  area  seeded 
to  oats  very  greatly  during  .the  years  1921  to  1925.  The  acreage 
reached  a  maximum  in  1923;  since  that  year  oats  production  has 
tended  to  return  to  normal  pre-war  levels. 

Before  the  World  War  Belgium,  Holland,  Italy,  England,  and 
Austria-Hungary  were  the  principal  purchasers  of  Rumania's  oats 
surplus.  In  1923  most  of  the  exported  surplus  went  to  Belgium, 
Austria,  and  France.     (Table  28.) 
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Table  28. — Oats:  Net  exports  of  Rumania;  average,  1909-1918,  annual,  1923  (SS) 


Country  to  which  exported 


Austria 

Hungary 

Belgium... 

Bulgaria... 

Czeclioslovakia. 

England 

France.- 

Germany 

Gibraltar 

Greece 


Average 
1909-1913 


Bushels 

1, 170, 979 

3, 539,  238 
19, 491 


1, 405, 154 

620,  761 

348,  255 

331,  206 

215 


1923  1 


Bushels 
3, 241, 047 

554, 947 
4,  786, 483 

(?) 

172, 192 

134,  701 
1,  203,  062 

303,  618 
50,404 

434,  540 


Country  to  which  exported 


Holland 

Italy 

Poland 

Russia 

Serbia 

Turkey 

Other  countries. 

Total 


Average 
1909-1913 


Bushels 
1,  687,  842 
1, 411, 046 


3  26,  577 
128,  391 
43,928 
62,423 


10,  742,  352 


1923  » 


Bushels 
210, 023 
682,  975 
190, 114 
(») 

*21 
114,  095 
46,  778 


12, 124, 958 


1 1923  is  the  only  postwar  year  for  which  data  are  available  by  countries, 

2  If  any,  included  in  other  countries. 

3  For  Jugoslavia. 
<  Net  imports. 

CORN 

Corn  is  by  far  the  most  important  cereal  crop  of  Greater  Eumania. 
It  forms  the  chief  article  of  diet  of  the  rural  population,  who  before 
the  World  War  consumed  annually  as  human  food  and  fed  to  live- 
stock an  average  of  10  bushels  per  capita.  During  the  5-year  period 
ended  1913,  net  production  averaged  191,773,000  bushels,  from 
which  126,807,000  bushels  were  consumed  domestically  in  the  form 
of  food,  for  industrial  uses,  feed  for  domestic  animals,  and  for  reserve 
stocks,  releasing  about  64,966,000  bushels  for  export.     (Table  29.) 

Table  29. — Corn:  Statistical  balances  of  Greater  Rumania;  average,  1909-1913,  and 
annual,  1921-22  to  1926-27. 


Acreage 

Seed 

Production 

Disappearance 

Export- 

District 

Gross 

Net 

Statis- 
tical 

Perl 
capita 

able 
surplus 

Pre-war  average,  1909-1913: 

Old  Kingdom  of  Rumania  2 

Transylvania  * 

1,000 
acres 
5,150 
2,449 
1,892 
158 
93 

1,000 

bushels 

3 1, 478 

6  1,  367 

9  814 

12  83 

16  40 

1,000 

bushels 

100, 620 

56,110 

33,828 

2,798 

2,199 

1,000 

bushels 

99,142 

54,743 

33, 014 

2,715 

2,159 

1,000 

bushels 

60, 413 

753,073 

10  9,  208 

2,978 

1,135 

Bushels 

8.51 

10.11 

3.70 

13  3.  70 

17  4. 05 

1,000 
bushels 
<  38,  729 
1,670 

Bessarabia  * 

23,806 

Bukovina  " 

»-  263 

Durostor  and  Cahacra  i' 

1,023 

Total,  Grfiatfir  Rnmariia 

9,742 

3,782 

195,  555 

191,  773 

126,  807 

7.96 

64.966 

Post-war  period:  18 

1921-22 

8,510 
8,411 
8,412 
8,949 
9,713 

19  3, 302 
3,263 
3,264 
3,472 
3,769 

110,638 
119,829 
151,  403 
155,  461 
163,  739 

107, 336 
116,566 
148, 139 
151, 989 
159,  970 

95,428 
89,873 
118,  796 
129, 179 
132,  821 

5.87 
5.45 
7.10 
7.61 
7.71 

20  11,  908 

1922-23 

20  26,  693 

1923-24 

20  29, 343 

1924-25 

20  22,  810 

1925-26 

20  27, 149 

Average,  1921-22  to  1925-26 

8,799 

3,414 

140,  214 

136,  800 

113,  219 

6.76 

23,581 

1926-27 

10, 031 

3,892 

224,458 

220,566 

1  For  populations,  see  Table  21. 

2  See  note  2.  Table  21. 

3  0.287  bushel  per  acre  (17, 191S-U,  p.  7^). 

<  Net  exports  for  calendar  years  (35, 190^18). 
»  See  note  5,  Table  21. 

6  0.558  bushel  per  acre.    Estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  {£2,  p.  19). 

7  Estimated  domestic  requirement  (22,  p.  19,  Table  16). 

8  See  note  8,  Table  21. 

«  0.43  bushel  per  acre.    Yurojai  (38,  pt.  II,  p.  209) . 

10  Estimated  from  1902-1911.  average  given  in  (4). 

11  Acreage  and  production  (27, 1921). 

12  0.526  bushel  per  acre;  same  as  for  Hotin  Uyezd,  Russia,  from  Yurojai  (38,  pt.  II,  p.  209)^ 

13  Estimated  to  be  the  same  as  Bessarabia. 
"  Deficit. 

"  See  note  14,  Table  21, 

"  0.428  bushel  per  acre.    Same  as  Bulgaria. 

17  Same  as  Bulgaria,  1912  boundaries.  Q     fii  1 1  ■ 

18  See  note  17,  Table  21. 

"  0.388  bushels  per  acre  used  for  1921-1926,  as  indicated  in  pre-war  average, 
»  Calendar  years  for  years  following  crop  year  (27, 1925-27). 
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Between  1921  and  1923  the  area  of  corn  changed  but  httle,  and 
then  in  1924  it  increased  almost  536,000  acres.  The  next  year  the 
acreage  advanced  almost  800,000  acres,  followed  by  a  further  increase 
of  300,000  acres  in  1926.  These  sharp  advances  in  corn  acreage 
mark  the  trend  in  the  reformed  Rumanian  agriculture  in  which  peas- 
ant customs  and  habits  dominate  the  areas  seeded  and  in  which 
peasant  methods  will  in  future  determine  the  rate  and  amount  of 
production. 

The  area  planted  to  com  in  1925  reached  9,713,000  acres,  as  con- 
trasted with  the  1909-1913  average  of  9,742,000  acres.  The  following 
year,  1926,  brought  corn  above  the  pre-war  level,  with  an  area  of 
10,031,000  acres.  .  ^ 

During  the  5-year  period  ended  in  1925  the  gross  production  of 
corn  averaged  about  140,214,000  bushels  and  exportation^  about 
23,581,000  bushels.  This  would  indicate  that  about  116,633,000 
bushels  each  year  were  employed  as  seed,  food,  feed,  and  reserve 
stocks.  Duiing  1909-1913  the  disappearance,  plus  seed,  averaged 
130,589,000  bushels,  indicating  that  since  the  World  War  the  domestic 
use  of  com  in  Greater  Rumania  has  been  considerably  less  than 
formerly.  Per  capita  disappearance  during  1921-1925  averaged  6.76 
bushels,  as  contrasted  with  7.96  bushels  before  the  war. 

The  general  trend  in  corn  production  in  Greater  Rumania  in  1927 
was  toward  increased  acreage,  which  would  probably  fluctuate  above 
the  high  level  reached  in  1926.  Before  the  World  War  the  leading 
purchasers  of  com  from  Rumania  were  Belgium,  Austria-Hungary, 
Italy,  Holland,  England,  Gibraltar,  Germany,  and  France.  In  1923 
Belgium  was  the  chief  buyer  of  Rumanian  corn,  followed  by  Gibraltar, 
Holland,  France,  Austria,  England,  and  Italy  in  the  order  named. 
(Table  30.) 

Table  30. — Corn,  including  corn  flour:  Net  exports  of  the  old  Kingdom  of  Rumania, 
average,  1909-1913,  and  of  Greater  Rumania,  1923  {35) 


Country  to  which 
exported 

Average 
1909-1913 

19231 

Country  to  which 
exported 

Average 
1909-1913 

19231 

Austria 

BushtU 

}  7,788,473 

10, 200,  718 
«9,447 

Bushels 
f    2,550,550 
\        315,409 
6,106,680 
>4 
724,  517 
(») 
(«) 
2,350,482 
3, 153, 974 
553,652 
4,690,802 
298,487 

Holland 

Bushels 
3,981,612 
5,473,638 
105,409 

Bushels 
3, 618,  750 

Hungary 

Italy -- 

1, 381,  272 

Norway 

404,2.54 

Poland 

331,109 

Czechoslovakia 

Russia 

>  186,  248 

477,478 

6,644 

80,607 

17fl,  765 

(») 

846,696 
18,646 
3. 975, 570 
1, 206,  702 
1,605,364 
2, 961, 767 
18,564 

Spain 

19,684 

Egypt 

Sweden.     .  

102,852 

England 

Turkey 

27,689 

other  countries 

•    1,177,233 

Total 

Gibraltar"I""""II"Ill 

38,728,958 

*  26, 707, 292 

Greece  .. 

>  1923  is  the  only  postwar  year  available  by  countries. 
» Net  imports. 

>  If  any,  included  in  other  countries. 

<  This  total  for  1923  differs  slightly  from  that  in  Table  33,  since  each  is  from  a  different  source. 

OTHER  CEREALS 

Millet,  buckwheat,  and  sorghum  are  seeded  in  relatively  unimpor- 
tant acreages  in  Greater  Rumania.  The  area  under  millet  in  1921 
was  182,701  acres  and  in  1925,  181,722  acres.  Buckwheat  increased 
from  7,752  acres  in  1921  to  16,578  acres  in  1925,  but  the  total  area 


**  Exports  are  for  calendar  years  1922-1926  following  the  crop  years. 
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was  SO  small  as  to  be  negligible.    The  sorghum  acreage  was  5,500 
acres  in  1921  and  only  798  acres  in  1925. 

POTATOES 

As  compared  with  cereal  production,  potato  production  occupies 
an  insignificant  position  in  the  agriculture  of  Rumania.  Before  the 
World  War  potato  acreage  averaged  359,000  acres,  of  which  the 
equivalent  of  9,000  acres  were  planted  in  cornfields.  Net  production 
(gross  production  less  seed  and  less  10  per  cent  for  decay  and  other 
losses)  averaged  approximately  30,869,000  bushels  annually.  Dis- 
appearance was  approximately  30,948,000  bushels,  or  1.94  bushels 
per  capita.  As  indicated  in  Table  31,  before  the  World  War  a  small 
annual  deficit  had  to  be  remedied  by  imports  into  the  territories  now 
constituting  Greater  Rumania. 

-Potatoes:  Statistical  balances  of  Greater  Rumania;  average,  1909-1913, 
and  annual,  1921-1925 


Table  31. 


District 

Acreage 

Seed 

Production 

Disappearance 

Export- 
able sur- 
plus (+) 
or  defi- 
cit (-) 

Gross 

Neti 

Statis- 
tical 

Per 
capita  2 

Pre-war  average  1909-1913: 

Old  Kingdom  of  Rumania' 

Seven    Mountain    district,  Caras 

Severin,  and  Maramuresh  ? 

Banat  and  Crisana ' 

1,000 
acres 
<35 

127 
64 
42 
91 

(17) 

1,000 
bushels 

«574 

fi?,082 

9  1,  655 

12  688 

2,702 

18  5 

1,000 
bushels 
1  4, 550 

13, 212 
6,531 
4,300 

14,248 
20 

1,000 

bushels 

3,521 

9,809 
4,223 
3,182 
10, 121 
13 

1,000 
bushels 
3,518 

4,218 

10  9,668 

13  3, 182 

i«  10,  348 

14 

Bushels 
0.50 

8  1.28 

4.95 

1.28 

12.86 

19  0.  05 

1,000 
bushels 
•+3 

+5, 591 
-5,445 

Bessarabia  '^ 

-227 

Durostor  and  Caliacra  '* 

-1 

Tnt.Hl,  rJrftj^tflr  Rumania 

359 

7,706 

42,861 

30, 869 

30,948 

1.94 

-7Q 

Post-war  period:  2" 
1921 

21420 
"386 
21454 
21503 
21483 

22  10, 420 
9,577 

11,  264 

12,  479 
11,983 

23  50,  987 
41,011 
71,750 

61,  318 

62,  378 

35,468 
27,  333 
53,311 
42,  707 
44, 157 

35,  412 
27,  302 
63,323 
42,689 
44, 107 

2.18 
1.65 
3.19 
2.51 
2.56 

2<  -f  56 

1922 

2<  +31 

1923 

a  -12 

1924 

2<  +18 

1925 

2<  +50 

Average,  1921-1925 

449 

11, 145 

57,489 

40,  595 

40,566 

2.42 

+29 

1 10  per  cent  of  gross  production  also  deducted  from  each  district  for  decay  and  other  losses. 

2  For  populations  see  Table  21. 

3  Acreage  and  production  (5/,  1914). 

*  There  were  26,000  acres  and  3,362,000  bushels  grown  without  corn,  or  129.3  bushels  per  acre;  1,188,000 
bushels  were  grown  with  corn  at  a  yield  of  129.3  bushels  per  acre — equivalent  to  9,000  acres  grown  alone. 
»  Same  rate  of  seed  used  as  that  in  Bessarabia. 

6  Net  exports  for  calendar  years  (17,  1925-26). 

7  See  note  5,  Table  21.  Seven  Mountain  district,  Caras  Severin,  and  Maramuresh,  Banat,  and  Crisana 
are  now  united  into  a  single  district  called  Transylvania. 

8  Per  capita  disappearance  assumed  to  equal  that  in  Bessarabia.    Population,  3,295,309. 

9  25.86  bushels  per  acre  {22,  p.  27). 

1"  Human  consumption,  4.3  bushels  per  capita,  same  as  for  Hungary  as  given  in  (27, 1922,  p.  516).  Popu- 
lation 1,953,213.    30  per  cent  of  net  production  is  fed  to  livestock  and  used  industrially. 

11  See  note  8,  Table  21. 

12 16.39  bushels  per  acre  from  Yurojai  (S8,  pt.  2,  p.  212). 

13  Disappearance  assumed  to  balance  net  production;  other  data  not  available. 

"  Acreage,  seed,  and  production  (27, 1922). 

15  Human  consumption,  6.61  bushels  per  capita;  same  as  for  Austria  as  given  in  (27, 1922,  p.  515).  30  per 
cent  of  net  production  fed  to  livestock  and  1,992,224  bushels  used  industrially,  as  given  on  page  565 — same 
source. 

i«  See  note  14,  Table  21. 

"  Only  188  acres. 

18  25.59  bushels  per  acre.    Estimated  to  be  the  same  as  Croatia  Slavonia  (22,  p.  27). 

19  Assumed  to  be  the  same  as  Bulgaria. 

20  Acreage  and  production  1921  to  1926  from  oflacial  records  of  U.  S.  Department  of  Agriculture,  Bureau 
of  Agricultural  Economics. 

21  The  acreage  of  potatoes  grown  with  corn  has  been  changed  to  ordinary  acreage  according  to  the  yield  per 
acre  for  potatoes  grown  alone.  Potatoes  grown  alone:  1921,  409,000  acres;  1922,  355,000  acres;  1923,  430,000 
acres;  1924,  466,000  acres;  1925,  460,000  acres;  1926,  442,000  acres. 

22  24.81  bushels  per  acre  used  for  1921  to  1926,  as  indicated  in  pre-war  average. 

23  Includes  potatoes  grown  with  corn  1921  to  1926.  Potatoes  grown  alone,  1921,  49,606,000  bushels;  1922, 
37,691,000  bushels;  1923,  67,920,000  bushels;  1924,  56,815,000  bushels;  1925,  59,351,000  bushels. 

»«  Net  imports  Indicated  by  (-)  and  net  exports  by  (+)  for  calendar  years  from  (17, 1924.-62). 
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Potatoes  were  utilized  almost  exclusively  as  human  food  in  the  old 
Kingdom  of  Rumania,  in  the  territories  ceded  by  Bulgaria,  in  the 
district  of  Seven  Mountain,  Caras  Severin,  and  Maramuresh.  Almost 
no  potatoes  were  fed  to  hvestock  in  these  territories,  and  only 
very  small  quantities  were  employed  in  the  manufacture  of  brandy 
or  alcohol.  There  were  28  distilleries  in  the  old  kingdom  which 
utihzed  prunes,  for  the  most  part,  in  the  manufacture  of  the  native 
strong  drink  called  ''tzuika."  During  the  years  just  preceding  the 
World  War  small  quantities  of  grain,  potatoes,  and  molasses  were 
also  employed  by  the  distilleries. 

There  are  no  detailed  statistics  as  to  the  location  of  distilleries  in 
Transylvania,  but  conditions  in  the  mountain  regions  were  similar 
to  those  in  Rumania  proper;  on  the  other  hand,  in  the  Banat  and 
Crisana  they  were  similar  to  conditions  in  Hungary,  where  1.17 
quintals  (4.3  bushels)  of  potatoes  per  capita  were  consumed  as  human 
food  and  about  30  per  cent  of  the  net  production  was  fed  to  livestock 
or  utilized  in  the  manufacture  of  alcohol.  The  Austrian  Government 
estimated  that  during  1909-1913  the  industries  of  Bukovina  utilized 
annually  1,992,000  bushels  of  potatoes  and  that  3,037,000  bushels 
were  fed  to  livestock.  There  were  20  distilleries  in  Bessarabia  in 
1910  which  utihzed  only  274,000  bushels  of  potatoes  in  the  manufac- 
ture of  alcohol.  Almost  no  potatoes  are  fed  to  livestock  in  this 
district.  In  the  territories  constituting  the  present  Kingdom  of 
Rumania  the  pre-war  use  of  potatoes  varied  widely  according  to  the 
different  conditions  under  which  potatoes  were  produced. 

Since  the  World  War  there  has  been  a  tendency  toward  increased 
potato  production  in  Greater  Rumania,  the  1921-1925  area  averaging 
449,000  acres,^^  the  net  production  from  which  averaged  40,595,000 
bushels  or  nearly  9,726,000  bushels  more  than  the  pre-war  normal 
production.  Disappearance  and  net  production  practically  balanced 
during  these  five  years,  only  29,000  bushels  having  been  exported 
on  the*  average  each  year. 

It  is  probable  that  the  present  potato  acreage  in  Greater  Rumania 
is  about  that  required  to  meet  the  domestic  food  requirements.  Only 
relatively  small  quantities  of  potatoes  are  employed  as  feed  for  hve- 
stock or  for  industrial  uses. 

Table  32. — Potatoes:  Foreign  trade  of  the  old  Kingdom  of  Rumania,  average,  1909- 
1913,  and  of  Greater  Rumania,  1923  i  {35) 


Country 

Average 
1909-1913  » 

1923  > 

Country 

Average 
1909-1913  » 

1923  » 

Austria 

Bwhels 

}    +18,169 

-5,125 

-2,202 

+460 

Bnshels 

]  +17.940 
(' 
(') 
+2,356 

Poland 

Bushels 

Bushels 
+1,681 
(») 

-9, 776 
-166 

Hungary 

Russia 

+2,482 

-17,147 

+170 

Bulgaria 

Turkey 

Egypt 

other  countries 

Total 

-3,193 

+12,044 

1 1923  is  the  only  postwar  year  for  which  data  are  available  by  countries. 
"*  Net  imports  indicated  by  +  and  net  exports  by  — . 
I  If  any,  included  in  other  countries. 


Production  of  potatoes  in  Greater  Rumania  may  increase  somewhat 
in  response  to  increased  domestic  consumption  rather  than  in  response 

»  This  included  potatoes  grown  in  cornfields  and  in  connection  with  other  crops  equivalent  to  25,000  acres, 
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to  any  export  demand,  since  these  territories  can  not  compete  with 
the  regions  of  heavy  rainfall  in  Poland,  Germany,  and  Czechoslo- 
vakia where  soils  and  cUmatic  conditions  particidarly  fit  them  for 
heavy  yields  per  acre. 

Before  and  since  the  World  War  Rumania  has  imported  potatoes 
from  Austria,  Hungary,  Poland,  and  Germany,  and  has  exported 
potatoes  to  Turkey,  but  the  volume  of  trade  is  unimportant.  (Table 
32.) 

SUGAR  BEETS  AND  BEET  SUGAR 

The  beet  sugar  industry  of  Greater  Rumania  is  organized  around 
10  factories  and  refineries.  Five  ^"^  of  these  factories,  under  the  con- 
trol of  Belgian  capital,  are  located  in  the  old  Kingdom  of  Rumania. 
Two  factories,  formerly  part  of  the  Austro-Hungarian  sugar  combine, 
are  located  in  the  southeastern  part  of  the  Seven  Mountain  region  in 
the  angle  formed  by  the  Carpathian  Mountains  with  the  Transylva- 
nian  Alps.  There  is  one  ^^  factory  in  Bukovina,  also  formerly  a 
member  of  the  Austro-Hungarian  combine.  There  is  one  factory  in 
Bessarabia,  formerly  part  of  the  Russian  sugar  syndicate,  and  a 
factory  has  recently  been  built  at  Oradea-Mare  in  the  sugar-beet 
growing  district  of  Crisana. 

The  nine  factories  that  were  in  operation  before  the  World  War,  and 
are  still  extant  had  the  capacity  to  handle  8,706  short  tons  of  beets 
daily.  (Table  33.)  They  worked  up  439,640  short  tons  of  beets 
annually  during  pre-war  years  and  produced  on  the  average  the  equiv- 
alent of  57,495  short  tons  of  raw  sugar. 

Table  33. — Sugar  beets:  Estimated  acreage,   beets  utilized,  and  sugar  produced  in 
nine  factories  operating  in  Ruinania,  1909-1913 


District  and  factory 


Old  Kingdom  of  Rumania: 

Roman 

Sacut  Putna 

Chitila 

Ripiceni 

Giurgiu 

Transylvania: 

Bod 

Targu-muresh 

Bukovina:  Jucica « 

Bessarabia:  Zarojani 

Total 


Beets 
worked 
per  day  ' 


Short  tons 

1,653 

551 

661 

1,102 

1,102 

1,102 
551 

1,653 
331 


8,706 


Beets  utilized  at 
factories 


Acreage     Quantity 


Acres 
2  27,041 


*  8, 167 

*  2, 770 

6  8,640 

7  3,888 


50,506 


Short  tons 
2  248, 670 


(IS)  79, 348 

05)  26, 908 

(2)  70, 428 

M4,286 


439,640 


Raw  sugar 
produced 


Short  ton^ 
8  31, 227 


(15)  11, 936 

(IS)  3, 474 

(2)  8, 499 

7  2,  359 


57. 495 


1  Consular  report  June  3,  1922  from  Ely  C.  Palmer. 

2  Total  acreage  and  production  in  the  old  Kingdom  as  given  in  (SI),  less  one  sixth.  It  is  assumed  that  all 
beets  grown  during  1909-1913  were  utilized  at  the  6  factories  then  extant,  one-sixth  being  deducted  as  the 
portion  of  the  product  worked  up  at  the  factory  destroyed  during  the  war. 

3  Total  production  at  6  factories  as  given  in  (17,  1919-1921,  p.  181),  less  one-sixth.    (See  note  2.) 

*  Estimated  by  assuming  that  the  yield  of  beets  utilized  at  factories  was  the  same  as  average  yield  per  acre 
of  all  beets  grown  in  the  region  of  Seven  Mountains. 

*  These  figures  are  for  1909-1911  average,  since  data  regarding  beets  worked  in  factories  and  production  of 
sugar  for  1912  and  1913  are  not  available.  There  was  also  another  factory  in  Bukovina  which  was  destroyed 
during  the  war  and  is  not  reported  in  this  table. 

6  The  total  area  of  beets  planted  in  Bukovina  during  1909-1911  was  6,333  acres,  producing  51,631  short  tons 
of  beets  as  reported  in  (/) ,  but  the  quantity  of  beets  used  in  the  two  factories  of  Bukovina  during  this  period 
amounted  to  140,856  short  tons,  an  excess  over  production  of  89,225  short  tons  which  had  to  be  imported. 
Assuming  the  yield  per  acre  for  the  imports  to  be  the  same  as  total  yield  per  acre  of  Bukovina,  would  in- 
dicate an  acreage  of  10,948  acres,  or  a  total  of  17,281  acres  of  beets  planted  for  use  in  the  two  factories,  half  of 
which  is  assumed  to  be  for  the  factory  reported. 

'  (39,  Ann.  6, 10.)  Acreage  for  1913  estimated  by  assuming  that  the  yield  per  acre  for  the  beets  utilized  at 
the  factory  was  the  same  as  the  total  yield  per  acre  harvested  for  the  factory,  since  some  of  the  production 
for  the  factory  was  exported. 


"  Before  the  World  War  there  were  six  factories  in  the  old  Kingdom  and  two  in  Bukovina. 
in  each  district  was  destroyed  during  the  war. 


One  factory 
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The  sugar  produced,  the  beets  worked  at  the  nine  factories  now 
operating  in  Greater  Rumania  that  were  also  in  operation  before  the 
World  War,  and  the  acreage  equivalent  to  the  beets  worked  is  con- 
siderably less  than  the  acreage  actually  planted  to  beets  and  the  beets 
that  were  actually  produced  within  the  territories  now  comprising 
the  new  Rumanian  Kingdom.  In  the  first  place,  two  factories  with 
the  capacity  to  work  up  120,162  short  tons  of  beets  annually  have 
been  destroyed.  In  addition,  more  than  245,000  short  tons  of  beets 
produced  in  the  Banat,  Crisana,  and  Seven  Mountain  region  that 
were  formerly  parts  of  the  Kingdom  of  Hungary  were  shipped  annually 
to  factories  in  Bihar,  Csanad,  and  Torontal  Provinces  which  remained 
to  Himgary  or  were  ceded  to  Yugoslavia  and  from  which  the  former 
producers  in  the  present  Rumanian  territory  are  cut  off  by  the  new 
national  frontiers  and  customs  barriers. 

The  factories  in  Bukovina  before  the  World  War  shipped  in  beets 
from  Galicia,  now  part  of  Poland,  and  perhaps  from  Russia;  but  on 
the  whole  the  territories  now  comprised  within  the  boundaries  of 
Greater  Rumania  grew  more  sugar  beets  than  were  utiHzed  by  the 
factories  now  located  within  those  boimdaries. 

It  has  been  estimated  that  the  territories  now  comprising  Greater 
Rumania  planted  73,000  acres  that  produced  (Table  34),  an  annual 
average  of  716,000  short  tons  of  sugar  beets.  The  sugar  equivalent 
of  this  tonnage  of  beets  is  96,513  ^^  short  tons  of  raw  sugar,  but  a  part 
of  this  sugar  was  produced  in  factories  now  located  in  Hungary  and 
Yugoslavia  and  part  in  two  factories  that  were  destroyed  during  the 
war. 

Table  34. — Sugar  beets  and  sugar:  Acreage  and  production  in  Greater  Rumania, 
average,  1909-1913;  annual,  1921-22,  1926-27 


Year 

Sugar  beets 

Raw 
sugar 
produc- 
tion 

Year 

Sugar  beets 

Raw 
sugar 

Acreage 

Production 

Acreage 

Production 

produc- 
tion 

1909-1913  J 

Acres 
73,000 
56,981 
63,876 
91,998 

Short  tons 
716,000 
387, 618 
364,893 
708,633 

Short 
tons 

»  72, 239 
33,069 
55,358 
81,857 

1924-25 

Acres 
132,722 
158,885 
203,600 

Short  tons 

962.432 

1,088,856 

1,324.000 

Short 
Urns 
98,379 

1921-22 

1925-26 

114,829 
143,000 

1922-23 . 

1926-27            

1923-24 

Acreage  and  production  of  sugar  beets  1909-1913  from  Tables  15  and  19;  1921-1924  (5f);  1925,  (5/);  and 
1926  {18). 

Sugar  production  1909-1913,  from  Table  33;  1921, 1922, 1924,  and  1925  (55);  1923  and  1926  {18). 

»  Acreage  and  production  of  sugar  beets  for  1909-1913  will  differ  from  that  in  Table  33,  since  these  figures 
are  total  acreage  and  production,  whereas  in  Table  33  the  figures  are  for  acreage  and  production  in  sugar 
beets  used  in  factories  only. 

» Includes  8,499  short  tons  of  sugar  that  was  produced  in  the  sugar  factory  in  Bukovina  and  6,245  short 
tons  produced  in  the  factory  in  the  old  Kingdom  that  was  destroyed  during  the  World  War.  This  is  the 
quantity  of  sugar  that  was  actually  produced  in  Greater  Rumania,  but  the  equivalent  of  sugar  from  the 
716,000  short  tons  of  beets  produced  m  Greater  Rumania  is  equal  to  96,513  short  tons,  estimated  by  using 
the  yield  of  sugar  per  ton  of  beets  for  each  division  separately,  as  indicated  in  Table  33. 

The  sugar  actually  produced  before  the  World  War  at  factories  now 
extant  and  which  were  in  operation  before  the  war  in  Greater 
Rumania  was  approximately  57,495  short  tons  annually. 

SUGAR  CONSUMPTION  IN  GREATER  RUMANIA 

The  six  factories  in  the  old  Kingdom  of  Rumania  during  1909-1913 
produced  annually  the  equivalent  of  37,472  short  tons  of  raw  sugar 


L 


"  Total  beets  produced  in  each  division  times  average  pre-war  yield  of  sugar  as  indicated  in  Table  33. 
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and  exported  (net)  an  average  of  2,098  short  tons.  Domestic  dis- 
appearance thus  averaged  about  35,374  short  tons,  or  approximately 
10  pounds  per  capita.  The  Austrian  Government  has  estimated  the 
pre-war  disappearance  of  sugar  in  Bukovina  at  16.3^^  pounds  of  raw- 
sugar  per  capita.  This  indicates  an  annual  disappearance  equivalent 
to  6,559  short  tons.  The  two  factories  produced  annually  16,998 
short  tons  and  there  was  an  exportable  surplus  of  about  10,439  short 
tons.  In  the  present  administrative  district  of  Transylvania,  the 
food  habits  of  the  populations  of  Seven  Mountains,  Caras  Severin, 
and  Maramuresh  are  almost  identical  with  those  of  the  inhabitants 
of  the  old  ICingdom,  the  consumption  of  sugar  was  at  about  the  same 
rate  or  10  pounds  per  capita,  totaling  annually  16,477^°  short  tons 
(in  terms  of  raw)  or  about  1,067  short  tons  more  than  was  produced 
at  the  two  factories  at  Bod  Brashor  and  Targu-muresh.  The  1,953,- 
213  inhabitants  in  the  Banat  and  Crisana  consumed  sugar  at  about 
the  same  rate  as  in  the  provincial  counties  of  Hungary  or  the  equivalent 
of  19  pounds  of  raw  sugar  per  capita  per  year.  The  total  sugar  con- 
sumption of  this  region  was  thus  an  uncovered  deficit  of  about  18,556 
short  tons  annually. 

The  disappearance  of  sugar  in  Bessarabia  was  about  the  same  as 
in  other  parts  of  European  Russia  which,  during  1909-10  to  1913-14, 
averaged  17.7  pounds  per  capita.  This  indicates  a  total  consumption 
equivalent  to  22,038  short  tons  of  raw  sugar  annually  in  Bessarabia. 
The  factory  at  Zarojani  produced  2,359  short  tons,  resulting  in  an 
average  deficit  during  1909-1913  of  about  19,679  short  tons  each 
year.  The  populations  in  Durostor  and  Caliacra  (annexed  from 
Bulgaria  in  1913)  consumed  sugar  at  about  the  same  rate  as  in  Bul- 
garia, or  12.3  pounds  per  capita,  equivalent  to  an  annual  disappear- 
ance of  1,724  short  tons  of  raw  sugar  per  annima. 

The  total  pre-war  disappearance  of  sugar  in  the  territories  now 
comprising  Greater  Rumania  was  thus  equivalent  to  approximately 
100,728  short  tons  of  raw  sugar,  or  12.7  pounds  per  capita  per  year. 
Production  averaged  72,239  short  tons,  indicating  an  average  annual 
deficit  of  28,489  short  tons. 

Two  sugar  factories  had  been  destroyed  during  the  war  and  the 
equipment  of  some  of  the  others  had  been  badly  damaged.  Repairs 
were  slowly  effected  with  the  result  that  the  demand  for  beets  was 
much  less  during  the  reconstruction  period  than  it  had  been  in  pre- 
war days.  Beet  growing  was,  consequently,  disorganized  and  acre- 
age was  low  during  1921  and  1922.  Production  of  sugar  was  far  below 
the  pre-war  average.  However,  importations  were  not  correspond- 
ingly increased  so  that  total  disappearance  during  the  season  1921-22 
was  about  equivalent  to  69,000  short  tons  of  raw  sugar  (or  8.5  pounds 
per  capita),  and  during  1922-23  about  84,000  short  tons,  or  10.2 
pounds  per  capita  as  compared  with  the  estimated  pre-war  require- 
ment of  100,728  short  tons,  or  12.7  pounds  per  capita. 

In  the  fall  of  1922  the  sugar  factories  of  Greater  Rumania  com- 
bined into  an  association  to  facilitate  their  dealings  with  the  Govern- 
ment and  the  growers  and  to  regulate  the  price  to  be  charged  for  sugar 
as  well  as  that  to  be  paid  for  beets. 

2«  Disappearance  for  household  purposes  only  13.4  pounds  refined  sugar  per  capita.    Total  disappearance 
14.3  pounds  (including  industrial  utilization)  {S7, 192S,  p.  218).    Ratio  of  refined  sugar  to  raw  is  100 :114. 
3«  1910  population  of  these  three  districts  was  3,295,309. 
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In  1923-24  there  was  a  marked  expansion  in  beet  acreage  which 
eyceeded  the  pre-war  area  by  19,000  acres.  Production  of  raw  sii^ar 
jumped  to  81,857  short  tons.  There  had  been  a  net  importation 
equivalent  to  32,516  short  tons  of  raw  sugar  during  the  calendar 
year  1924  indicating  a  total  supply  at  the  end  of  the  year  of  approxi- 
mately 114,373  short  tons.  This  quantity  of  sugar  was  greatly  in 
excess  of  the  disappearance  during  the  previous  year.  The  Ministry 
of  Industry  and  Conunerce  estimated  the  normal  domestic  require- 
ment at  about  100,000  short  tons.  The  Government,  therefore,  con- 
sented to  the  exportation  of  11,000  short  tons.  The  exportation  of 
this  quantity  of  sugar,  however,  never  materialized. 

The  1923  population  had  increased  to  16,736,000  as  compared  with 
15,923,938  before  the  World  War.  Assuming  that  the  per  capita 
disappearance  was  at  least  no  greater  than  during  pre-war  days,  or 
12.7  pounds,  domestic  disappearance  should  have  been  at  least 
106,274  short  tons,  indicating  a  small  carry-over  of  about  8,000 
short  tons. 

The  next  season,  1924-25,  acreage  and  production  of  beets  greatly 
increased,  but  the  factories  realized  only  98,379  short  tons  of  sugar. 
A  small  importation  of  sugar  amounted  to  2,218  short  tons,  which 
included  a  small  quantity  of  manufactured  sweets  not  separately 
stated  in  Rumanian  statistics.  This  indicates  a  total  supply  including 
the  carry-over  of  the  previous  year  around  108,597  short  tons,  whereas 
the  1924  population  of  16,976,000  multiplied  by  the  pre-war  per 
capita  disappearance  indicates  a  total  requirement  of  107,798  short 
tons. 

During  1925-26  sugar  beet  acreage  reached  158,885  acres  as  com- 
pared with  73,000  acres  before  the  World  War.  The  factories  pro- 
duced 114,829  short  tons.  There  had  been  an  increase  in  population 
that  brought  the  calculated  domestic  requirement  up  to  109,322 
short  tons,  indicating  a  small  surplus. 

The  data  for  the  three  sugar  seasons  indicate  that  sugar  consump- 
tion in  Greater  Rumania  ranges  above  105,000  short  tons  per  year. 

The  next  season,  1926-27,  marked  a  great  expansion  of  area  to 
203,600  acres  with  a  beet  production  of  1,324,000  short  tons,  yielding 
the  equivalent  of  143,300  short  tons  of  raw  sugar.  This  should  place 
Rumania  upon  an  exporting  basis. 

Preliminary  estimates  for  the  1927-28  season  gives  the  beet  area 
at  209,000  acres,  indicating  that  the  era  of  rapid  expansion  is  at  an 
end  and  that  beet  production  will  iii  future  foUow  seasonal  fluctua- 
tions about  this  new  level. 

TOBACCO 

Rumania  lies  at  the  northern  limits  of  the  production  of  small- 
leaf  Turkish  tobacco  of  good  quaUty.  The  industry  was  originated 
by  the  Turks  during  the  time  that  the  territories  now  comprising 
Rumania  were  parts  of  the  Ottoman  Empire.  On  sheltered  hillsides 
in  the  old  Kingdom  of  Rumania  and  in  Bessarabia  and  in  the  Seven 
Mountain  region  small-leaf  tobacco  of  very  good  quaUty  can  be 
produced,  and  several  local  varieties  have  been  developed  from  the 
varieties  distributed  among  the  peasants  by  the  Turkish  beys  more 
than  200  years  ago.  The  best  quaUty  of  leaf,  however,  is  oroduced 
from  seed  unported  by  the  Rumanian  Government  from  Macedonia 
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and  distributed  free  among  those  who  grow  tobacco  under  the 
direction  of  the  State  monopoHes  (Regia  Monopolurilor  Statului).^^ 

Although  anyone  may  grow  tobacco  in  Rumania,  he  must  first 
obtain  a  permit  to  cultivate  not  less  than  10  hectares  (24.7  acres) 
for  a  specified  number  of  years  under  the  regulations  and  inspections 
of  the  State  monopolies.  This  restricts  the  cultivation  of  tobacco 
to  the  more  well-to-do  peasants  and  the  estate  owners.  Since  the 
production  of  fine-veined,  small-leaf  tobacco  is  associated  with  certain 
conditions  of  soil  and  climate  the  localities  in  which  it  can  be  prof- 
itably grown  are  restricted  to  the  hill  regions,  with  southern  expos- 
ures protected  from  northern  winds  by  forests  or  windbreaks. 

Before  the  World  War,  the  old  Kangdom  of  Rumania  planted  an 
average  of  23,736  acres  from  which  16,426,000  pounds  were  harvested 
annually.  The  old  Kingdom  exported  the  greatest  quantity  of  leaf 
tobacco  to  Austria-Hungary  and  France  and  imported  fine  gi*ades 
of  cigarrette  tobacco  from  Tiu-key  and  Greece  as  well  as  Sumatra 
and  Habana  tobaccos,  for  cigars,  through  Germany.  This  trade 
resulted  in  a  net  export  of  1,652,000  pounds  annually.  Cigars  were 
imported  in  considerable  numbers  from  Germany  and  cigarettes 
were  exported  to  France  and  Holland,  resulting  in  a  net  import  of 
6,000  pounds.  Manufactured  tobacco  and  extract  were  both  ex- 
ported and  imported  (chiefly  from  Russia),  the  net  import  amounting 
to  39,000  pounds.  On  the  whole  the  international  trade  of  the  old 
Kingdom  in  tobacco  showed  a  net  export  of  1,607,000  pounds. 
Average  annual  consumption  was  thus  about  14,819,000  pounds  or 
2.09  pounds  per  capita. 

The  tobacco  grown  in  the  territories  ceded  to  Rumania  by  Bulgaria 
in  1913  was  poor  in  quahty.  During  1909-1912  this  area  under 
tobacco  averaged  2,663  acres  and  production  averaged  1,699,000 
pounds.  Assuming  that  average  consumption  in  this  district  equaled 
the  per  capita  average  for  Bulgaria  of  2.2  pounds,  the  average  annual 
disappearance  was  approximately  617,000  pounds,  resulting  in  a 
net  surplus  of  1,082,000  pounds. 

Little  tobacco  was  produced  in  Bukovina  and  that  was  of  very 
poor  quahty.  During  1909-1912  only  208  acres,  yielding  204,000 
pounds,  were  devoted  to  tobacco  production.  According  to  estimates 
of  the  Austrian  tobacco  monopoly,  during  1909-1912,  the  average 
consumption  of  tobacco  was  1,395,000  poimds,  or  1.73  pounds  per 
capita.  The  annual  deficit  of  Bukovina  was  equivalent  to  1,191,000 
pounds. 

The  tobacco  grown  in  Bessarabia  was  classed  as  Turkish  by  the 
Russian  Government  before  the  World  War.  During  1909-1913 
there  was  an  average  of  7,529  acres  under  tobacco  in  this  Province, 
producing  5,629,000  pounds  annually.  Comparatively  httle  tobacco 
was  manufactured  into  cigars  or  cigarettes  in  Bessarabia  before 
the  war.  The  use  of  cigars  was  confined  to  a  few  of  the  wealthy 
class.  Cigarettes  and  cut  tobacco  for  maldng  cigarettes  were  shipped 
into  Bessarabia  from  factories  located  in  the  interior  of  Russia. 
Consumption  of  tobacco  averaged  somewhere  between  the  Russian 
per  capita  disappearance  of  1.28  pounds  and  the  Rumanian  (2.09 
pounds)   or  approximately   1.68  pounds.     This  is  equivalent  to  a 

31  The  director  general  of  State  monopolies,  a  department  of  the  Ministry  of  Finance,  has  charge  of  the 
manufacture  and  sale  of  matches,  cigarette  paper,  playing  cards,  combustible  materials,  and  salt,  as  well 
as  managing  the  tobacco  industry. 


AGRICULTURAL  SURVEY  OF  EUROPE 


63 


total  disappearance  of  4,184,000  pounds,  indicating  a  net  exportable 
surplus  of  1,445,000  pounds. 

Production  and  consumption  of  tobacco  varies  considerably  in 
Transylvania.  In  the  mountains,  the  varieties  of  tobacco  are  similar 
to  the  Tiu-kish  sorts  grown  in  the  old  Kingdom  and  per  capita  con- 
sumption is  about  the  same,  averaging  around  2.09  pounds.  In  the 
lowlands  of  the  Banat  and  Crisana,  large-leaf  varieties  of  tobacco 
predominate.  Consumption  is  about  the  same  as  in  the  old  Kingdom 
of  Hungary  (2.53  pounds  per  capita  per  year).  This  would  indicate 
an  average  annual  disappearance  of  approximately  11,828,000 
pounds  for  the  regions  constituting  the  present  District  of  Transyl- 
vania, or  a  per  capita  disappearance  of  2.25  pounds.  During  1909- 
1913  the  estimated  area  under  tobacco  in  Transylvania  averaged 
19,012  acres,  producing  23,075,000  pounds,  indicating  an  exportable 
surplus  of  11,247,000  pounds.     (Table  35.) 

The  total  pre-war  area  under  tobacco  in  the  territories  now  com- 
prising greater  Rumania  was  about  53,148  acres;  production  about 
47,033,000  pounds;  disappearance  averaged  about  32,843,000  pounds; 
and  there  was  a  net  siuplus  of  about  14,190,000  pounds. 

Table  35. — Tobacco:   Statistical    balance  of    Rumania,  average,   1909-1913,  and 

annual  1921-1926 


Acreage 

Produc- 
tion 

Disappearance 

Exporta- 
ble sur- 

District 

Statis- 
tical 

Per 
capita  1 

plus  (+) 

or  deficit 

(-) 

Pre-war  average  1909-1913: 

Acres 

23,736 

2,663 

19, 012 

7,529 

208 

1,000 

pounds 

16,426 

1,699 

23,075 

5,629 

204 

1,000 

pounds 

14,819 

617 

Ml,  828 

4,184 

11  1,  395 

Pounds 
2.09 

»2.20 
2.25 

»1.68 
1.73 

1,000 
pounds 
3+1,607 

+1,082 

Transvlvania  •                                                   ... 

+11,247 

+1,445 

Bukovina  •'                                        . 

-1,191 

Total  Greater  Rumania        .  .  

53,148 

47,033 

32,843 

2.06 

+14, 190 

Postwar  period: »» 
1921 

42,911 
62,835 
43,920 
77.473 
90,614 

23,121 
27,750 
21,356 
47,290 
36,089 

1922.   .                     

22,664 
13,403 
54,989 

»+2,  543 

1923                                                          

n+3,  976 

1924   

»-7, 694 

1925                             .            

Average  1921-1925 

61,  551 

31, 121 

1026 

75,100 

40,307 

' 

>  For  populations  see  Table  21. 

»  Acreage  and  production  (17,  1925-26). 

»  Net  exports  (55,  1909-1 91S). 

*  1909-1912  average  calculated  from  (9). 

»  Average  disappearance  assumed  to  be  equal  to  that  of  Bulgaria. 

«  Acreage  calculated  from  {16,  Bd.  17-21).  Production  calculated  by  using  the  same  yields  per  acre  for 
separate  divisions  ceded,  as  those  given  for  total  Hungary  in  {15,  Bd.  20,  p.  110;  21,  p.  89). 

'  l>isapi>earance  in  Banat  and  Crisiana  whose  population  was  1,963,213,  estimated  to  be  the  same  as  in 
Hungary  (2.53  pounds).  In  the  mountainous  district  (Caras-Severin,  Seven  Mountain  district  and  Mar- 
amuresh)  where  the  population  was  3,295,309,  the  disappearance  is  estimated  to  be  the  same  as  that  of  the 
old  Kingdom  of  Rumania. 

»  Acreage  and  production  (S9,  Ann.  6,  p.  225>'  10  p.  225). 

•  Estimated  to  be  an  average  between  Russia  and  old  Rumania.  Russia = production  (23,615,000  pounds) 
minus  net  exports  (22. 199,000  pounds)  =  213,961 ,000  iwunds  divided  by  population  ( 166,949,400)  =  1 .28  pounds. 

»•  Average  1909-1912  for  acreage  and  production  (/)•  1900-1912  used  since  total  consumption  not  available 
later  than  1912. 

»  (*,  Jahrg.,  29,  p.  226;  SO,  p.  146;  SI,  pp.  15i,  155.) 

»  Acreage  and  production  1921-1926  from  official  records  of  U.  S.  Department  of  Agriculture,  Bureau  of 
Agricultural  Economics. 

n  1922  and  1923  net  exports  {S5, 192S). 

M  1924  net  imports  (35, 192^). 
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The  large  estates  participated  to  a  great  extent  in  the  production 
of  tobacco  before  the  World  War.  Since  the  war,  yields  per  acre 
have  fallen  off  and  although  acreage  has  increased,  production  has 
been  below  average  except  during  the  season  1924. 

Although  production  has  generally  ranged  far  below  the  1909-1913 
average,  the  disappearance  has  also  been  very  low  and  international 
trade  in  tobacco  resulted  in  a  net  exportation  of  3,000,000  to  4,000,000 
pounds  in  1922  and  1923.  In  1924  production  rose  slightly  above 
the  pre-war  average.  Nevertheless  imports  of  tobacco  exceed  exports 
by  7,694,000  pounds.  It  is  probable  that  this  excess  import  represented 
standard  grades  of  tobacco  that  could  be  purchased  advantageously 
by  the  monopoly  and  that  reserve  stocks  were  built  up,  which  were 
larger  than  usual. 

Rumania  is  not  interested  in  American  tobacco  or  cigarettes,  as 
the  popular  demand  is  for  a  very  mildly  flavored  tobacco. 

Exports  go  largely  to  Hungary,  Austria,  Yugoslavia,  and 
Czechoslovakia. 

LIVESTOCK 

Under  the  ancient  Turkish  rule  the  plains  of  the  Danube  and  the 
Pruth  Rivers  and  those  of  southern  Bessarabia  were  utilized  to  a 
large  extent  as  grazing  lands  for  the  long-horned  gray  cattle  of  the 
steppes  and  for  buffalo,  horses,  and  sheep.  These  plains  were  sparsely 
populated  for  the  bulk  of  the  Rumanian  population  had  been  crowded 
up  into  the  foothills  of  the  Transylvanian  and  Carpathian  Mountains. 
The  pastures  and  meadows  of  these  mountains  furnished  grazing  for 
the  sheep  (which  had  long  gray  wool),  for  goats,  and  supplied  summer 
pasture  for  cattle.  On  the  northern  slopes  of  the  mountains  and 
throughout  the  hill  country  of  the  Transylvanian  Plateau  cattle 
grazing  and  sheep  herding  had  been  important  adjuncts  to  agriculture 
for  hundreds  if  not  for  thousands  of  years. 

In  present  Rumania  distinct  mountain  types  of  livestock  are 
distinguishable  which  exhibit  characteristics  similar  to  those  of  the 
very  ancient  races  from  which  they  have  descended.  The  horses  are 
small,  rugged,  and  resistant  to  inclement  weather  and  hard  usage. 
The  mountain  cattle  ^^  are  very  small,  wiry  animals,  quick  gaited, 
and  though  Ught,  are  well  adapted  for  work.  They  are  gray  in  color 
as  a  rule;  but  tawny  examples  often  appear.  Mountain  sheep  are 
active  breeds  of  the  milk  and  meat  type.  The  peasants  slaughter 
the  male  lambs  when  about  5  to  9  days  old,  for  the  pelt,  from  which 
they  make  the  characteristic  Rumanian  peaked  cap  worn  both  in 
summer  and  in  winter.  Mutton  is  seldom  eaten  except  in  spring, 
when  the  carcasses  of  lambs  are  consumed  in  large  numbers.  The 
mountain  swine  have  the  characteristics  of  the  mid  hog — long  legs, 
razor-Uke  back,  and  erect  ears.  The  peasants  keep  large  numbers  of 
these  native  swine,  although  compared  with  the  improved  British  or 
Hungarian  breeds  they  are  very  uneconomical. 

These  native  mountain  breeds  of  Hvestock  extend  down  into  the 
lowlands,  where  they  have  been  crossed  with  many  other  breeds  of 
divers  origin.  In  the  old  Kingdom  the  improved  races  came  from 
the  Turks;  in  Bessarabia  they  were  largely  introduced  by  the  Rus- 

32  Compare  with  description  of  Serbian  and  Czechoslovakian  mountain  breeds,  to  which  these  Rumanian 
breeds  are  closely  related. 
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sians  and  Germans;  in  Transylvania  by  the  Hungarians;  and  in 
Bukovina  the  Aiistrians  were  responsible  for  bringing  in1)0  Rumanian 
peasant  communities  improved  races  of  horses,  cattle,  hogs,  and 
sheep. 

Many  different  breeds  were  thus  brought  into  each  of  the  different 
departments  where  they  have  been  intermingled  with  native  stock. 
Some  of  these  races  have  been  maintained  in  a  fairly  pure  condition 
upon  large  estates,  as  the  Simmenthal  cattle  of  the  Banat  and  Crisana 
and  the  red  German  cattle  of  southern  Bessarabia.  The  large 
estates  also  bred  horses,  and  used  as  their  chief  market  the.  army 
organizations  of  Germany  and  Austria-Hungary.  It  was  on  the 
estates  that  most  of  the  flocks  of  Merinos  and  herds  of  Berkshires 
and  Yorkshires  were  to  be  found. 

The  peasants  are  not  natural  animal  breeders.  In  the  first  place 
the  animals  of  any  one  peasant  are  pastured  in  the  common  grazing 
lands  together  with  animals  of  all  the  other  peasants.  As  a  rule 
reproduction  is  haphazard,  so  that  the  whole  village  possesses  animals 
of  about  the  same  grade  of  purity  or  admixture.  The  number  of 
animals  held  by  any  one  peasant  is  determined  by  the  adjustment 
for  pasturage  that  he  can  make  with  the  village  elders.  These  con- 
ditions all  mitigate  against  speciahzation  in  animal  breeding  by  the 
peasant  farmer. 

On  the  whole,  the  animal  industry  of  Rumania  is  a  home  industry. 
Cattle  and  buffaloes  are  produced  for  work  rather  than  for  meat  or 
milk,  which  are  incidental  to  the  traction  power  of  these  animals. 
Sheep  are  bred  primarily  for  milk  and  secondarily  for  wool  and  skins 
from  which  the  peasants  make  their  winter  clothing.  As  in  Bulgaria 
and  Yugoslavia,  every  peasant  has  a  sheepskin  or  goatskin  coat. 
Hogs  alone  are  bred  for  meat,  and  pork  almost  exclusively  forms  the 
meat  diet  of  the  peasant  although  meat  is  rarely  eaten  except  on 
holidays  and  at  certain  seasons  of  the  year  as  at  lambing  time  in  the 
spring. 

In  the  old  Kingdom  of  Rumania,  before  the  land  reform,  most  of 
the  land  was  in  the  hands  of  the  large  estat-e  owners  but  most  of  the 
livestock  was  in  the  hands  of  the  peasants — 76.7  per  cent  of  the 
horses,  80.3  per  cent  of  the  cattle,  70.8  per  cent  of  the  sheep,  80.6 
per  cent  of  the  goats,  76.9  per  cent  of  the  swine,  and  79.4  per  cent  of 
the  bees.  Similar  conditions  were  found  in  Bessarabia,  Transylvania, 
andBukovina.  (Table36.)  The  large  estate  owner  directed  his  atten- 
tion to  the  production  of  cereals,  sugar  beets,  and  other  crops  that 
could  be  readily  turned  into  cash.  The  object  of  peasant  agriculture 
was,  and  still  is,  the  maintenance  of  a  home  and  family  and  the  pro- 
duction of  food  and  clothing.  The  essential  animals  are  first  the 
sheep  and  then  the  ox  or  the  horse.     Hogs  are  of  less  importance. 

44874°— 29 6 
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Table  36. — Livestock  and  owners  of  livestock  in  1911,  classified  according  to  size 
of  land  holdings  in  the  region  of  Seven  Mountains,  Maramuresh,  and  Caras 
Severin  ceded  by  Hungary 


Size  of  land  holding 

Own- 
ers of 
ani- 
mals 

Horses 

Cattle 

Swine 

Sheep 

Goats 

MtUes 

Don- 

Arpents i 

Acres 

keys 

Less  than  1 

Less  than  1.4._. 

1.4  to  7.1 

No. 

15,429 

139,  625 

123,  283 

87,  721 

37,  449 

4,566 

1,393 

980 

442 

416 

65,319 

No. 

3,336 

32,  303 

45, 153 

57,  725 

44,  918 

9,033 

3,638 

3,696 

2,963 

6,009 

20,  013 

No. 

16, 965 

265, 800 

357,  892 

345, 109 

207,  231 

38,390 

17,  264 

25,  051 

20,  968 

33,238 

64, 195 

No. 

16, 082 

124,909 

160,  809 

170,951 

106, 162 

19,  765 

9,439 

13, 110 

17, 013 

32,  293 

83,963 

No. 

24,  695 

420,  954 

664,  976 

718,  449 

470,  205 

97,050 

45,533 

54,645 

35,416 

69,560 

92,  401 

No. 

4,144 

47,  792 

45,  565 

37,194 

22,844 

3,714 

1,193 

631 

251 

588 

15,007 

No. 

6 
23 
16 
14 
26 

7 

7 
13 

9 
40 
69 

Nop 
115 

1  to  5 

558 

6  to  10 

7.1  to  14.2 

389 

10  to  20 .- 

14.2  to  28.4 

280 

20  to  50 — 

28.4  to  71.1 

188 

50  to  100 

71.1  to  142.2 

72 

100  to  200 

142.2  to  284.4 

284.4  to  711 

84 

200  to  500 

205 

500  to  1,000 

711  to  1,422 

135 

1,000  and  over 

Without  land 

1,422  and  over 

222 
791 

Total 

476,  623 

228,  787 

1,  392, 103 

754,496 

2,  693,  884 

178, 923 

220 

3,039 

Calculated  from  (15, 1912,  pp.  126-137). 
1 1  arpent=  1.422  acres. 


HORSES 


As  a  rule  horse  breeding  among  Rumanian  peasants  has  not  been 
profitable  and  usually  there  are  only  enough  horses  to  maintain  the 
number  of  work  animals  permitted  to  be  grazed  on  the  common 
pastures.  Peasant  horses  are  seldom  fed  oats,  corn  is  not  always 
available,  and  often  hay  and  straw  and  cornstalks  are  the  only  feed. 
Mares  are  bred  too  early  and  colts  are  put  to  work  too  young.  As 
a  consequence,  peasant  horses  are  usually  of  a  veiy  low  grade  except 
among  the  Bulgarians  in  Dobruja  and  south  Bessarabia,  the  Ger- 
mans of  south  Bessarabia  and  the  Banat,  and  the  Magyars  of  Tran- 
sylvania. On  some  of  the  large  estates  very  good  horses  are  to  be 
found.  Breeding  operations  for  export  and  the  remount  require- 
ments of  the  Rumanian  Army  are  usually  restricted  to  the  large 
landlords  and  middle-sized  farmers. 

In  the  old  Kingdom,  besides  the  primitive  mountain  horse  are 
found  the  Moldavian,  probable  descended  from  the  Russian  steppe 
breeds;  the  Jalomitza,  a  good  draft  horse  similar  to  native  Magyar 
breeds;  and  the  Dobruja,  which  is  a  fine  crossbreed  animal  of  Turk- 
ish and  Arabian  descent,  similar  to  the  horses  in  northern  Bulgaria. 
This  breed  is  also  found  in  the  Bulgarian  villages  scattered  through- 
out southern  Bessarabia.  In  Bessarabia  the  peasant  horses  are 
similar  to  those  in  Moldavia,  intermixed  with  Russian  steppe  and 
Tartar  types.  On  several  of  the  estates  are  fine  stables  of  Russian 
Orloffs,  French  Ardennes,  Anglo-Arabian  and  other  breeds.  The 
native  horses  of  Transylvania  are  of  the  Rumanian  mountain  type 
in  the  highlands  and  of  the  Magyar  type  in  the  lowlands.  This 
latter  race  is  descended  from  the  horses  brought  in  by  the  Magyars 
in  the  ninth  century  at  the  end  of  their  migration  from  the  Volga 
region  in  Russia.  On  the  estates  are  found  all  the  best  breeds  of 
central  Europe. 

There  are  no  recent  data  as  to  the  relation  of  the  numbers  of 
Rumanian  horses  to  agricultural  areas.  The  most  recent  figures 
are  those  of  1900  for  the  old  Kingdom.     In  that  year  726,687  horses 
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and  1,155,716  bulls,  steers,  and  buffaloes  were  employed  to  plow 
12,821,532  acres,  or  an  average  of  6.8  acres  per  animal. 

As  the  large  estates  in  Rumania  have  never  had  enough  animals 
and  agricultural  implements  to  work  their  fields  properly  but  have 
always  depended  upon  the  peasants  to  plow  and  harvest  a  large  part 
of  their  crop  lands  and  to  haul  their  grain  to  market,  in  1900  there 
were  346,416  small  peasant  farmers  who  owned  nearly  half  the  draft 
horses  in  the  Kingdom,  or  an  average  of  not  more  than  2  head  each. 

Although  conditions  were  better  in  Bessarabia  than  in  the  old 
Kingdom,  the  estates  were  poorly  equipped  with  draft  animals  and 
almost  always  depended  upon  the  peasants  for  seasonal  work. 

Similar  conditions  prevailed  in  Transylvania,  as  indicated  in  Table 
36,  for  the  mountain  districts  of  Seven  Mountains,  Maramuresh, 
and  Caras  Severin.  Out  of  228,787  horses  found  in  these  districts 
in  1911  the  small  peasants  owned  196,106  whereas  only  12,668  were 
found  on  the  estates. 

When  the  Central  Powers  retreated  from  Rumania  in  1918  they 
took  with  them  large  amoimts  of  railroad  and  other  equipment  as 
well  as  all  the  supplies  on  which  they  could  lay  their  hands.  The 
following  year  the  Rumanians  retaliated  by  raiding  Hungary  and 
invading  the  country  as  far  as  Budapest.  It  is  reported  that  when 
the  army  withdrew  they  carried  with  them  considerable  supplies 
and  equipment  which  may  have  included  horses.  In  any  case  the 
year  1921  found  the  old  Kingdom  only  98,000  horses  short  of  its 
pre-war  (1911)  numbers,  as  indicated  in  Table  37.  Transylvania 
was  109,000  short  of  the  1^11  returns.  The  shortage  in  Durostor 
and  Cahacra  and  in  Bukovina  was  5,000  and  6,000  less  than  1910, 
respectively,  whereas  conditions  in  Bessarabia  were  about  normal. 


Table  37. — Horses:  Number  in  Greater  Rumania,  pre-war  and  1921-1926 
[In  thousandths—!,  e.,  000  omitted] 


District 

Pre-war 

1921 

1922 

1923 

1924 

1925 

1926 

Old  Kingfinm  of  Rnm^inja 

825 

70 

611 

431 

70 

727 
65 
402 
429 
64 

}      903 

392 

435 

72 

/      866 

1        70 

377 

441 

74 

901 

67 

386 

415 

76 

}      927 

419 
389 
80 

Durostor  and  Caliacra 

1,002 

Transylvania 

421 

Bessarabia 

369 

Bukovina 

85 

Total. 

1,907 

1,687 

1,802 

1,828 

1,845 

1,815 

1,877 

Pre-war:  Rumania  1911  {SB,  Idlt,  p.  91);  Transylvania  1911,  furnished  by  the  Hungarian  Ministry  of 
Agriculture  (f«,  pp.  SI,  St).  Bessarabia  1910  {89,  Ann.  6,  p.  gS4).  Bukovina  1910  («,  Jahrg.  SO,  p.  96).  Du- 
rostor and  Caliacra  1910,  calculated  from  {10). 

1921  to  1924  (Se,  19tg,  1924,  1925). 

1925  and  1926  from  report  of  £.  £.  Palmer,  United  States  consul,  Bucharest,  dated  Mar.  25, 1927. 

There  is  no  public  record  of  numbers  transferred,  but,  Rumania 
has  received  from  Bulgaria  and  Hungary  considerable  numbers  of 
horses  on  account  of  reparation  payments.  This  has  tended  to 
offset  World  War  losses  so  that  in  the  old  Kingdom  and  the  Bukovina 
the  number  of  horses  since  1922  has  exceeded  the  pre-war  average. 
There  were  similar  increases  in  Bessarabia  up  to  the  time  of  the  drought 
in  1924  and  1925.  In  Transylvania  the  numbers  have  fluctuated  with 
feed  conditions  and  the  general  status  of  agriculture,  but  on  the  whole 
recovery  has  been  slow.     The  districts  now  comprising  Rumania  were, 
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in  1925,  only  92,000  horses  short  of  the  pre-war  (1910  and  1911) 
number,  and  30,000  short  in  1926. 

Horse  breeding  in  the  old  Kingdom  was  never  important;  only  a 
few  hundred  animals  were  exported  each  year  before  the  World  War, 
whereas  several  thousand  were  imported.     (Table  38.) 

The  Rumanian  Government  owns  stables  scattered  throughout  the 
country  to  provide  for  the  remount  requirements  of  the  army.  Since 
the  World  War  some  horses  of  the  Turkish- Arab  cross  are  shipped  to 
Constantinople  and  some  horses  from  the  Banat  and  Crisana  are 
shipped  to  central  Europe  each  year;  but,  on  the  whole,  horse  breeding 
in  Rumania  is  not  as  profitable  as  is  cereal  production  and  will  prob- 
ably remain,  in  future  as  at  present,  of  very  secondary  importance. 


Table  38.- 


-Horses:  Imports  and  exports  of  the  old  Kingdom  of  Rumania,  1877- 
1913,  and  of  Greater  Rumania,  1922-1925 


Year 

Imports 

Exports 

Year 

Imports 

Exports 

Year 

Imports 

Exports 

Old  Kingdom: 

Number 

Number 

Old  Kingdom- 

Old  Kingdom- 

1877 

16, 261 

5,282 

Continued. 

Number 

Number 

Continued. 

Number 

Number 

1878... 

31, 775 

4,246 

1893 

8,596 

453 

1908 

7,510 

196 

1879 

14,663 

4,016 

1894 

5,919 

812 

1909 

7,662 

428 

1880 

14,680 

2,248 

1895 

5,211 

655 

1910 

5,698 

267 

1881 

22,976 

1,700 

1896 

6,445 

525 

1911 

12,438 

662 

1882 

20,704 

1,846 

1897 

8,308 

280 

1912 

11,  703 

1,168 

1883 

13,  227 

2, 126 

1898 

6,257 

376 

1913 

9,759 

102 

1884 

7,986 

3,369 

1899 

5,997 

567 

1885 

4,099 

2,497 

1900 

2,690 

268 

Greater  Ruma- 

1886  

2,369 

1,278 

1901 

4,123 

237 

nia: 

1887 

690 

945 

1902 

7,909 

233 

1922 

.170 

329 

1888 

3,930 

680 

1903 

8,265 

290 

1923 

64 

1,199 

1889 

12,237 

775 

1904 

7,221 

598 

1924 

55 

81 

1890 

6,344 

456 

1905 

7,168 

376 

1925 

69 

98 

1891 

7,570 

630 

1906 

9,511 

253 

1892 

7,672 

283 

1907 

6,045 

164 

1877-1900  (50).    1901  to  1913  and  1922  to  1925  (S5). 


CATTLE 


The  native  types  of  cattle  found  in  all  parts  of  Greater  Rumania 
exhibit  the  same  general  characteristics  of  the  primitive  Asiatic  breeds 
collectively  called  ''Bos  taurus  primigenius."  Throughout  the 
central  mountain  ranges  of  Transylvania,  Bukovina,  and  the  old 
Kingdom  the  small  mountain  type  (already  described)  predominates. 
In  the  foothills  and  plains  regions  to  the  east  and  south,  in  the  old 
Kingdom,  the  Bukovina,  and  Bessarabia  the  common  breeds  belong 
to  the  Podolian  ^^  branch  of  the  gray  steppe  cattle  found  generally 
in  southeastern  Europe;  whereas  to  the  north  and  west  in  the  Depart- 
ment of  Transylvania  the  Hungarian  branch  is  found.  The  general 
characteristics  of  these  two  branches  of  steppe  cattle  are  similar.  The 
animals  are  large  boned,  long  legged,  active,  powerful  in  the  fore- 
quarters,  and  tapering  in  the  hindquarters  thus  making  excellent 
oxen.  Their  color  is  white-gray  with  darker  shades  often  appearing. 
The  Podolian  cattle,  although  not  short  horned  in  the  American  sense 
of  the  term,  have  much  shorter  horns  than  do  the  extraordinarily 
long-horned  Hungarian  race. 

There  are  many  types  of  these  cattle,  named  after  particular 
localities,  as  Podolian,  Ukrainian,  Moldavian,  Buckschan,  Jalomitza, 


"  This  name  is  derived  from  the  Russian  Province  of  Podolia. 
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and  Hungarian.  All  these  cattle  make  excellent  yoke  oxen  (oxen 
from  other  breeds  can  not  be  compared  \\TLth  them)  but  they  develop 
slowly,  mature  late,  and  are  difficult  to  fatten;  they  yield  relatively 
httle  first-<5lass  meat  and  barely  enough  milk  to  nourish  a  calf. 

In  southern  Bessarabia  there  are  large  settlements  of  German 
colonists  who  brought  with  them  the  red  cattle  of  Germany.  The 
descendants  of  these  cattle  now  constitute  the  red  Bessarabian  breed, 
Hohna^ora,  a  fairly  good  dairy  breed.  Simmenthal  cattle  are  found 
in  all  districts,  particularly  in  the  Banat  and  Crisana.  Dutch  cattle 
and  other  lowland  dairy  breeds  have  been  introduced  without  great 
success  on  account  of  the  sparse  pasturage  in  the  Rumanian  lowlands. 

Oxen  of  the  native  races  are  the  chief  draft  animals  in  Rumania. 
Cows  are  almost  never  yoked,  even  when  they  are  not  utilized  for 
milk  production.  The  ordinary  plains  cows  give  only  3  to  4  quarts 
of  milk  daily.  The  mountain  herds  yield  somewhat  more,  up  to  7  to 
8  quarts.  Dairies  are  for  the  most  part  found  only  in  the  vicinity  of 
large  cities  to  supply  these  cities  with  liquid  milk  and  partially  to  meet 
the  demand  for  butter  and  cheese.  As  compared  with  Holland  or 
France,  there  is  no  dairy  industry  in  Greater  Rumania,  and  consider- 
able quantities  of  butter  and  cheese  are  imported  annually. 

Water  Buffaloes 

During  the  time  of  the  migrations  of  some  prehistoric  people  the 
water  buffalo  of  India  was  introduced  into  the  Danube  Basin  and 
to-day  is  found  in  the  valleys  of  the  Danube  and  its  tributaries  in 
the  old  Kingdom  of  Rumania,  Bulgaria,  Yugoslavia,  Hungary,  and 
Transylvania.  In  certain  regions  these  slow  but  powerful  animals, 
with  30  per  cent  greater  traction  strength  than  the  ox,  have  displaced 
cattle  as  work  animals  among  the  peasants.  They  require  better 
feed  than  cattle  and  a  warm  stall  in  winter.  In  many  instances  the 
cattle  are  never  housed,  but  are  protected  against  the  wind  and 
weather  only  by  a  fodder  stack  or  by  some  rudely  improvised,  usually 
roofless,  shelter. 

According  to  the  census  of  1900,  fully  61  per  cent,  or  1,155,716,  of 
the  draft  animals  of  the  old  Kingdom  of  Rumania  were  bulls,  steers, 
and  draft  water  buffaloes.  There  were  2,588,526  head  of  cattle  and 
water  buffaloes  of  all  classes  in  the  old  Kingdom  of  Rumania  in  1900. 
The  cattle  on  Rumanian  farms  were  almost  exclusively  those  engaged 
in  active  farm  work,  and  a  few  cows  and  such  young  stock  as  were 
essential  for  replacement  or  work  animals.  After  a  few  years  of 
labor,  they  were  sent  to  the  block. 

As  the  estates  in  the  old  Kingdom  and  in  Transylvania  depended 
largely  upon  the  peasants'  cattle  for  working  the  land,  only  79,257 
cattle  were  found  on  the  large  estates  of  the  mountain  regions  of 
Transylvania  in  1911  as  contrasted  with  1,248,651  cattle  in  the  hands 
of  small  peasant  farmers.  Similar  conditions  were  found  in  Bes- 
sarabia. 

Before  the  World  War,  there  were  about  5,781,000  cattle  in  the 
territories  now  comprising  Greater  Rumania.     (Table  39.) 
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Table  39. — Cattle,  including  water  buffalo:  Number  in  Greater  Rumania,  pre-war 

and  1921-1926 


[In  thnnsands— i.  e.,  000  omitted] 

District 

Pre-war 

1921 

1922 

1923 

1924 

1925 

1926 

Old  Kingdom  of  Rumania. 

2,667 
184 

2,184 
518 
228 

2,447 
133 

2,266 
662 
214 

}  2,823 

2,110 
765 
234 

f  2,553 

1      120 

2,029 

821 

216 

2,655 

}  2,641 

Durostor  and  Caliacra 

125 

2,529 

Transylvania.                            

1,967 
721 
215 

1,804 
664 
210 

1,705 

Bessarabia 

534 

224 

Total 

5,781 

5,722 

5,932 

5,739 

6,583 

5,219 

4,992 

Cows 

12,250 

2  2,  335 

2  2, 437 

2  2, 426 

2  2,360 

2  2,236 

Same  sources  as  in  Table  37. 

1  Cows  for  old  Kingdom  and  Bessarabia  were  estimated.    . 

'  Not  including  water  buffalo  cows  (34). 

Under  the  conditions  prevailing  before  the  World  War,  the  cattle 
of  Rumania  were  largely  owned  by  the  peasants.  As  the  peasants 
increased  their  holdings  of  land  after  expropriation  it  was  to  be 
expected  that  the  numbers  of  cattle  would  be  appreciably  increased. 
By  1921,  the  total  number  cattle  was  only  59,000  below  the  pre-war 
estimate  and  in  1922  there  were  151,000  more  cattle  than  before  the 
war.  The  next  year,  probably  on  account  of  feed  conditions,  there 
was  a  falling  off  in  all  parts  of  the  Kingdom  except  Bessarabia.  This 
falling  off  continued  during  1924,  1925,  and  1926,  at  which  time  total 
cattle  numbered  789,000  below  pre-war. 

The  number  of  cattle  and  of  Uvestock  in  general  that  can  be  carried 
in  Rumanian  villages  will  always  be  limited  by  the  quantity  of  feed 
available.  Under  conditions  of  peasant  farming  available  feeding 
stuffs  will  fluctuate  greatly  from  year  to  year.  The  decrease  of  cattle 
in  1925  to  5,219,000  as  compared  with  5,583,000  in  1924  was  probably 
attributable  to  shortage  in  feed  because  although  the  number  of 
cattle  exported  during  1925  was  twice  as  many  as  in  1924  these 
cattle  shipments  to  foreign  countries  have  not  been  large.     (Table  40.) 


Table  40. 


-Cattle:  Imports  and  exports  of  the  old  Kingdom  of  Rumania,  1877-1913, 
and  of  Greater  Rumania,  1922-1926 


Year 

Imports 

Exports 

Year 

Imports 

Exports 

Year 

Imports 

Exports 

Old  Kingdom: 

Number 

Number 

Number 

Number 

Number 

Number 

1877 

1,645 

67,941 

1892 

237 

2,928 

1907-_ 

355 

3,525 

1878 

1,382 

43, 667 

1893 

1,628 

1,984 

1908 

1,408 

10,093 

1879 

4,006 

30, 654 

1894-- 

574 

22, 797 

1909 

570 

9,300 

1880 

5,579 

20,  503 

1895.- 

746 

34, 374 

1910 

184 

22,  481 

1881 

6,909 

20,792 

1896 

811 

20,  551 

1911-- 

209 

24,766 

1882 

3,753 

2,260 

1897 

1,066 

6,309 

1912 

506 

14, 125 

1883 

2,129 

3,276 

1898 

3,285 

8,526 

1913 

338 

10,044 

1884 

580 

3,209 

1899 

1,525 

16,  398 

Greater  Ruma- 

1886--.  

338 

11,821 

1900_- 

156 

8,972 

nia: 

1886-- 

531 

18,060 

1901.- 

353 

13,  680 

1922_. 

170 

151, 141 

1887.- 

291 

17,  371 

1902 

842 

11,484 

1923- 

6 

106, 324 

1888-_- 

1,737 

6,394 

1903 

394 

12,  774 

1924-- 

77 

43,091 

1889- 

2,336 

2,009 

1904 

235 

17,  391 

1926 

247 

86,178 

1890 

1,226 

8,496 

1905 

216 

6,164 

1891 

461 

3,464 

1906 

328 

2,360 

1877-1900  (50).    1901-1913  and  1922-1925  (35). 


Before  the  World  War,  a  very  considerable  percentage  of  the  cattle 
sent  to  the  northwest  by  Hungary  originated  in  the  Banat,  in  Crisana 
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and  in  the  region  of  Seven  Mountains.  Since  the  war,  the  commission 
merchants  of  Vienna,  Budapest,  and  Prague  have  reestabhshed  their 
contacts  with  their  former  sources  of  supply.  Although  now  sepa- 
rated from  these  former  free  markets  by  the  customs  barriers  of  the 
Rumanian  frontiers,  the  Transylvanian  departments  have  sent  several 
thousand  head  of  ctttle  abroad  each  year. 

But  this  trade  has  been  hampered  by  the  enormous  export  taxes 
levied  on  cattle  which,  according  to  the  report  of  Consul  E.  E.  Palmer 
under  date  of  April  24,  1925,  amounted  to  as  much  as  $40  per  head 
at  that  time. 

On  May  20,  1926,  this  export  tax  was  reduced  to  practically  4,000 
lei  or  $14.80^*  per  head  for  oxen,  bulls,  cows,  and  water  buffaloes, 
regardless  of  weight  and  600  lei  or  $2.22  on  hogs.  At  the  same  time, 
the  State  railroads  canceled  their  supertax  on  freight  rates  applying 
to  hvestock  intended  for  export,  which  had  previously  been  30  per 
cent  in  addition  to  the  straight  freight  paid. 

Table  41. — Beef  produced  at  slaughterhouses  in  Greater  Rumania,  1923  (87,  p.  91) 


District 

Animals 
slaughtered 

Live 
weight 

Estimated 

meat 
produced  > 

Amount » 
per  capita 

Old  Kingdom 

Number 

495,290 
503,331 
101,088 
117,471 

1,000 
pounds 
596, 145 
518, 543 
117, 117 
117,812 

1,000 

pounds 

274,227 

238,530 

53,874 

54,193 

Pounds 
37.1 

Transylvania 

43.5 

Bessarabia..  . 

17  9 

Bukovina.. 

64.4 

Total - 

1, 217, 180 

»  1,  349, 617 

620, 824 

♦37.1 

'  Dressed  meat  estimated  to  be  46  per  cent  of  live  weight. 

»  See  Table  4  for  populations. 

'  This  is  the  sum  of  the  weights  of  animals  slaughtered  in  each  department  as  given  above.  The  total 
given  in  (57)  is  equivalent  to  1,350,720,000  pounds. 

*  Comparing  the  quantity  of  meat  [beef,  porlc  and  mutton]  to  the  population  [1925]  the  result  is  an  annual 
consumptionof  51.35  kilograms(113.2  pounds)  per  town  citizens  and  3.50  kilograms  [7.7  pounds]  per  rural 
inhabitant.  {20,  p.  9). 

Consumption  op  Beef 

The  consumption  of  beef  in  Rumania  is  confined  almost  entirely  to 
inhabitants  of  cities.  The  farming  peasants  seldom  eat  beef.  There 
are  no  meat  markets  in  the  villages,  where  ice  in  summer  is  unknown, 
and  therefore  the  fresh  meat  supply  is  restricted  to  small  animals 
that  can  be  consumed  within  a  relatively  short  period.  Within  the 
cities  themselves  the  rate  of  beef  consumption  varies  greatly  in 
different  parts  of  the  Kingdom.  It  is  greatest  in  Bukovina  and  least 
in  Bessarabia. 

There  were  1,217,180  mature  cattle  and  calves  slaughtered  in 
Greater  Rumania  during  1923.  Of  this  niunber,  503,331  were 
slaughtered  in  Transylvania  and  only  101,088  in  Bessarabia. 

As  indicated  in  Table  41,  the  quantity  of  beef  produced  at  slaughter- 
houses throughout  Greater  Rumania  in  1923  was  approximately 
620,824,000  pounds,  or  about  37.1  pounds  per  capita. 

There  were  no  importations  of  fresh  beef  during  the  year,  but 
4,061,358  pounds  were  exported;  2,689,206  pounds  of  this  quantity 
going  to  Austria,  985,108  pounds  to  Hungary,  and  340,254  pounds  to 
Czechoslovakia. 


"  The  average  value  of  1  leu  during  May,  1926,  was  0.37  cent. 
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This  would  indicate  that  the  actual  domestic  consumption  of  beef 
in  Greater  Rumania  during  1923  was  616,762,000  pounds,  or  36.9  per 
capita. 

SHEEP 

Sheep  raising  in  Rumania  constitutes  a  relativ^y  more  important 
part  of  farming  than  is  the  case  in  more  highly  developed  countries. 
The  native  sheep  are  of  the  fat-tail  or  long-wool  breeds  producing 
lambs  whose  hair  at  5  to  10  days  after  birth  assumes  the  tight-curl 
characteristic  of  Astrakan  or  Karakul  fur.  These  sheep  have  been 
indigenous  to  the  country  since  ancient  times.  They  have  been 
improved,  particularly  in  Bessarabia,  by  importations  of  Karakul 
sires  from  Bukhara. 

The  best  Rumanian  astrakan  comes  from  Bessarabia. 

The  Karakul  sheep  of  Bessarabia,  the  Czurcana  of  the  old  King- 
dom, and  the  Raczka  and  the  Czigaja  of  Transylvania  are  milk- 
producing  breeds  of  great  importance  in  the  peasant  household.  A 
ewe  yields  from  8  to  10  gallons  of  milk  during  a  lactation  period, 
from  which  1 1  to  12  pounds  of  cheese  can  be  made.  This  cheese  called 
*'brinza,"  together  with  corn-meal  mush  (mamahga)  and  fruits  and 
vegetables  laid  down  in  brine,  form  the  basic  diet  of  the  peasant.  In 
the  spring  of  the  year,  at  lambing  time,  the  carcass  of  the  young 
animals  slaughtered  for  their  pelts  varies  the  monotony  of  this  diet; 
but,  with  the  exception  of  an  occasional  pig  on  holidays  and  fat  salt 
or  smoked  pork,  httle  meat  is  eaten  in  the  rural  districts. 

An  Asiatic  breed  of  sheep  similar  to  the  Merino,  called  the  ''Czi- 
gaia,"  is  found  in  the  old  Kingdom  of  Rumania.  This  breed  has  been 
crossed  by  full-blood  Merinos  with  good  results. 

All  the  foregoing  breeds  would  be  classed  as  coarse-wool  sheep, 
although  the  last  two  produce  a  better,  finer  quality  than  do  the 
others.  Colors  vary  from  dirty  white,  through  gray  to  red,  brown, 
and  black.  The  average  mature  sheep  yields  from  4  to  7  pounds  of 
unwashed  wool.  Rumanian  wool  is  utihzed  almost  exclusively  in 
home  industries.  A  housewife  is  seldom  seen  without  her  distaff  and 
spindle.  She  spins  yarn  even  while  walking  to  and  from  her  daily 
work  in  the  fields.  Almost  every  household  has  a  loom  upon  which 
cloth  and  carpets  are  manufactured  from  the  brightly  dyed  wool. 
Every  peasant  has  an  astrakan  cap  and  a  coat  of  sheep  pelt  with  the 
wool  turned  inside.  The  soft  tanned  skin  outside  is  brflliantly  colored 
with  the  decorative  pattern  emblematic  of  the  locality  in  which  he 
lives.  Sheep  are  more  nearly  indispensable  to  the  peasant  than  are 
any  other  farm  animals,  as  they  supply  both  food  and  clothing. 

There  were  only  270  flocks  of  more  than  1,000  head  of  sheep  in  the 
old  Kingdom,  according  to  the  census  of  1900.  The  niost  common 
size  of  flock  comprised  10  head  or  less.  Peasants  possessed  270,358 
of  these  small  flocks. 

In  the  mountain  region  of  Transylvania  there  were  2,693,884  sheep 
in  1911  of  which  only  about  159,621  were  found  on  large  estates. 
Full-blood  Merinos,  and  various  English  breeds,  as  well  as  the  better 
strains  of  native  sheep  were  found  only  in  the  large  flocks  on  the 
estates. 

By  1921,  the  flocks  of  Greater  Rumania  had  recovered  to  their 
pre-war  status  as  indicated  in  Table  42. 
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Tablb   42. — Sheep:  Number  in  Greater  Rumania,   pre-war  and  1921-1926 
[In  thousands—!,  e.,  000  omitted] 


District 

Pre-war 

1921 

1922 

1923 

1924 

1925 

1926 

Old  Kingdom 

5,269 

804 

3,529 

1,342 

189 

4,793 

621 

3,416 

2,180 

184 

I  6, 197 

3, 591 

2,297 

236 

f  5,560 

1      543 

3,695 

2,450 

233 

6,524 

529 

3,897 

2,362 

300 

}  6,869 

3,624 

2,143 

314 

Durostor  and  Caliacra    

7,691 

Transylvania 

3,476 

Bessarabia 

2,095 
320 

Ru>rnvina 

Total 

11,133 

11,194 

12,321 

12, 481 

13,612 

12,950 

13,682 

Same  sources  as  Table  37. 

It  is  easier  for  the  peasant  to  increase  his  numbers  of  sheep  than 
his  horses  or  cattle  because  of  restrictions  in  the  grazing  privileges  on 
the  village  commons.  Sheep  produce  milk  for  cheese  and  it  is  simpler 
for  the  peasant  to  visualize  the  benefits  to  be  derived  from  an  assured 
return  of  a  few  pounds  more  food  than  the  benefits  from  the  uncertain 
return  of  a  margin  of  profit  on  the  larger  and  later  maturing  classes  of 
livestock. 

In  Transylvania,  Bessarabia,  and  Bukovina  increase  in  sheep 
numbers  was  steady  until  1924.  During  this  time  the  numbers  of 
sheep  in  Bessarabia  nearly  doubled. 

In  1925,  the  numbers  of  sheep  on  Rumanian  farms  in  all  districts 
except  Bukovina  show  a  decrease  as  compared  with  the  previous 
season  probably  because  of  the  dry  season  of  1924  and  consequent 
shortage  of  feed. 

There  was  great  destruction  of  the  sheep-herding  establishments  in 
the  Dobruja  during  the  World  War  and  there  was  a  reduction  of 
pasturage  in  this  region.  As  indicated  by  the  data  for  Durostor  and 
CaUacra,  the  recovery  of  the  sheep  industry  southeast  of  the  Danube 
has  been  slow. 

Wool 

Little  of  the  wool  produced  in  Rumania  is  suited  to  the  commercial 
textile  industry  of  the  country  which  employs  for  the  most  part 
cotton,  flax,  and  hemp.  The  peasants  spin  and  weave  at  home 
almost  all  the  fabrics  used  in  making  their  clothing  from  home- 
produced  flax  and  wool.  In  recent  years,  however,  they  have  been 
wearing  factory-made  cotton  goods  in  increasing  quantities.  The 
export  wool  of  Rumania  is  the  coarse,  long  sort  suitable  only  for 
carpets  and  felt.  The  textile  mills  import  wool  and  yarn  of  the 
finer  grades. 

From  1888  to  1900  the  export  of  wool  from  the  old  Kingdom  had 
been  fairly  regular,  ranging  between  1,000  and  1,500  short  tons 
annually.  (Table  43.)  With  increased  production  it  is  probable 
that  greater  quantities  of  wool  will  be  available  for  export. 
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Table  43. — Wool:  Imports  and  exports  of  the  old  Kingdom  of  Rumania,   1876- 

1913,  and  of  Greater  Rumania,  1922-1925 

[In  thousand  pounds— i.  e.,  000  omitted] 


Year 

Im- 
ports 

Exports 

Year 

Im- 
ports 

Exports 

Year 

Im- 
ports 

Ex- 
ports 

Old  Kingdom: 
1876 

40 
39 
89 
14 
13 
16 
42 
21 

205 
57 

107 
57 
34 
78 

132 
66 

6,365 
7,073 
7,357 
5,640 
9,127 
8,390 
8,098 
7,104 
6,921 
7,364 
4,678 
3,768 
2,660 
2,876 
3,304 
1,014 

Old  Kingdom- 
Continued, 
1892 

720 
1,577 
1,162 

870 
1,156 
1,362 
1,663 
1,188 
1,050 
1,368 
1,604 
2,208 
1,462 

924 
1,917 

2,815 
2,991 
3,365 
4,192 
2,924 
2,158 
2,485 
4,097 
2,780 
2,163 
2,729 
2,921 
3,593 
5,112 
4,876 

Old  Kingdom- 
Continued. 
1907 

1,164 
1,832 
1,433 
1.406 
2,200 
2,818 
2,266 

1,835 

5,704 

502 

1,763 

1877 

2,645 
1,978 
2,675 
2,923 
3,051 
2,119 
3,387 

1878 

1893 

1908 

1879 

1894 

1909 

1880 

1895 

1910 

1881 

1896 

1897 

1911.__ 

1882 

1912 

1883 

1898 

1913 

1884 

1899.   

Greater  Ruman- 
ia: 
1922 

1885 

1900 

1886 

1901 

62 

1887 

1902..   

1923 

13 

1888 

1903 

1924 

165 

1889 

1904 

1925 

677 

1890 

1905._   

1891 

1906 

187&-1900  {SO)- 

1901-1913  and  1921-1925  (35). 


Production  of  Mutton 


The  peasants  slaughter  few  mature  sheep  for  home  use  during  the 
summer  months  when  the  ewes  are  being  milked,  but  during  the 
summer,  lambs  of  all  ages  are  sent  to  the  city  markets.  In  winter, 
mature  animals  that  are  not  suitable  for  milk  production  or  repro- 
duction are  slaughtered  at  home  or  are  shipped  to  the  cities.  In 
the  spring  of  the  year,  large  numbers  of  young  lambs,  5  to  10  days 
old,  are  slaughtered  for  their  pelts.  There  is  no  estimate  of  the 
number  of  such  lambs  that  are  killed  in  the  spring  or  of  home  slaugh- 
terings of  more  mature  sheep.  Municipal  slaughterings  have  been 
estimated  at  1,321,928  head  during  1923,  as  indicated  in  Table  44. 


Table  44. — Mutton   produced   at   slaughterhouses   in 

{S7,  p.  91) 

Greater 

Rumania 

1923^ 

District 

Animals 
slaughtered 

Live 
weight 

Estimated 

meat 
produced  ^ 

Amount 

per 
capita  8 

Old  Kingdom 

Number 

722, 721 

472, 071 

94,441 

32, 695 

1,000 

pounds 

24,373 

20,666 

2,674 

1,686 

1,000 

pounds 

11, 212 

9,506 

1,230 

776 

Pounds 
1.52 

Transylvania                           ..       .-.    ..    ... 

L73 

Bessarabia 

.41 

Bukovina -.          .  

.92 

Total  _ 

U,  321, 928 

49,399 

22,724 

1.36 

1  Does  not  include  lambs  slaughtered  for  their  pelts  at  5  to  10  days  of  age.  This  class  of  meat  is  plentiful  in 
spring.  Under  ordinary  conditions,  sheep  are  seldom  slaughtered  by  the  farming  peasantry  for  their  own 
consumption  except  in  late  fall.     ^ 

2  Dressed  meat  estimated  at  46  per  cent  of  live  weight. 

3  See  Table  4  for  populations. 

i  This  is  the  sum  of  the  animals  slaughtered  in  each  department  as  given  above.  The  total  given  (57) 
is  1,311,928. 

The  mutton  produced  at  city  slaughterhouses  in  1923,  was  esti- 
mated at  22,724,000  pounds,  indicating  an  average  per  capita  supply 
for  aU  classes  of  the  population  of  only  1.36  pounds. 

No  fresh  mutton  was  exported  or  imported  during  1923,  but,  as 
indicated  in  Table  45,  27,055  live  animals  were  sent  abroad.  Of 
this  niunber,  23,935  went  to  Turkey  and  a  few  hundred  head  to 
Hungary,  Italy,  Germany,  Czechoslovakia,  and  Austria. 
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Table  45. — Sheep  and  goats:  Imports  and  exports  of  the  old  Kingdom  of  Rumania^ 
1877-1913,  and  of  Greater  Rumania,  1922-1925 


Yew- 


Old  Kingdom 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 


Im- 

Ex- 

ports 

ports 

Num- 

Num- 

ber 

ber 

1,567 

178,826 

42,448 

142,228 

15,816 

200,899 

40,742 

163, 216 

23,137 

114.857 

56,291 

139,  070 

25,502 

159,579 

24,786 

170, 692 

23,285 

117,809 

34,256 

50.041 

6,408 

75,694 

9,853 

74, 187 

8,595 

57,333 

6,644 

61, 107 

8,033 

71,253 

Year 


Old  Kingdom 
Continued. 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 


Im- 

Ex- 

ports 

ports 

Num- 

Num- 

ber 

ber 

3,832 

55,835 

4,264 

25, 895 

1,280 

46,021 

3,287 

57, 370 

1,763 

30,404 

2,603 

11,532 

2,325 

35,834 

2,438 

24,120 

1,011 

22,305 

3,677 

24,271 

2,471 

20,010 

4,423 

19,009 

1,048 

11,951 

2,639 

12,040 

749 

15,  552 

Year 


Old  Kingdom- 
Continued. 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

Greater  Ruma- 
nia: 

1922 

1923 

1924 

1925 


Im- 
ports 


Num- 
ber 
3,211 
222 
404 
178 
122 
111 
11 


Ex- 
ports 


Num- 
ber 
4,656 
1,405 
9,151 
12, 375 
4,344 
2,393 
11,761 


26,281 

27,055 

3,414 

48,463 


1877-1900(50). 

1901-1913  and  1922-1926  {SS). 


SWINE 


The  native  swine  in  the  mountain  regions  of  Transylvania,  the 
old  Kingdom,  and  Bukovina  are  the  small,  almost  wild,  razorback 
hogs  called  "  Stocli, "  In  the  lowlands  is  found  the  swamp  hog, 
Baltaret,  which  is  an  unimproved  animal  of  ancient  origin.  In 
Bessarabia  under  the  Russians,  the  native  breeds  have  almost  dis- 
appeared, having  been  much  improved  by  the  introduction  of  modern 
English  breeds.  In  the  lowlands  of  Transylvania  is  found  the 
Hungarian  Mangalica  hog.  This  hog  occurs  in  the  old  Kingdom 
under  the  name  of  Mangolitza,  where  are  also  found  an  Asiatic 
breed  called  Palatin. 

The  reproduction  of  these  swine  is  largely  a  matter  of  acciden^tal 
mating.  Every  peasant  household  has  its  quota  of  pigs  that  scavenge 
around  under  foot  everywhere.  On  Christmas,  according  to  ancient 
custom,  every  household  has  a  fat  pig  for  dinner.  In  the  fall  hogs  are 
slaughtered  and  the  flesh  is  salted  and  smoked  for  summer  use. 

On  the  estates  the  best  improved  breeds  of  swine  are  to  be  found. 
Yorkshires  and  Berkshires  are  most  common. 

Before  the  World  War,  or  in  1910  and  1911,  the  territories  now 
comprised  within  the  boundaries  of  Greater  Rumania  carried  about 
3,249,000  swine.  In  1921  there  was  a  decrease  below  the  pre-war  nor- 
mal numbers  in  Transylvania  and  Bukovina;  whereas  increases  in 
other  parts  of  the  Kingdom  brought  the  total  up  to  97  per  cent  of 
pre-war.  During  the  next  five  years  there  have  been  seasonal  changes 
in  different  parts  of  the  Kingdom,  as  indicated  in  Table  46. 

Table  46. — Swine:  Number  in  Greater  Rumania,  pre-war  and  1921-1926 
[In  thousands— i.  e.,  000  omitted] 


District 

Pre- 
war 

1921 

1922 

1923 

1924 

1926 

1926 

Old  Kingdom 

1,021 
24 

1,510 
475 
219 

1,285 
51 

1,245 

473 

96 

1,070 
508 
121 

f  1,283 

\        44 

962 

513 

123 

1,474 
36 

1,015 
480 
128 

}  1,436 

1,101 
415 
136 

Durostor  and  Caliacra 

1.661 

Transylvania 

1,171 
328 

Bessarabia 

Bukovina 

118 

Total 

3,249 

3,150 

3,147 

2,925 

3,133 

3,088 

3,168 

Same  sources  as  in  Table  37. 
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Numbers  of  swine  in  Transylvania  have  tended  to  decrease  since 
the  World  War,  being  230,000  less  in  1924  than  in  1921.  This  decrease 
has  probably  been  due  to  the  poor  condition  of  the  hog  market  in 
central  Europe.  Before  the  war  a  considerable  portion  of  the  heavy 
shipments  of  swine  from  Hungary  to  the  Vienna  market  originated 
in  the  corn  belt  of  the  Banat  and  Crisana.  In  the  mountainous 
regions  of  Transylvania  almost  all  of  the  swine  were  found  on  the 
small  land  holdings  in  1911,  (Table  36)  but,  in  the  lowlands,  middle- 
sized  and  large  farms  carried  on  pork  production  (Table  47)  on  a 
commercial  scale,  either  shipping  their  finished  product  directly  to 
the  Vienna  or  Prague  markets  or  semifinished  hogs  to  the  feeding 
establishments  about  Budapest  or  in  western  Hungary.  As  indicated 
in  Table  47,  the  largest  estates  (more  than  1,422  acres)  averaged 
more  than  250  head  of  hogs  each  in  1911.  When  conditions  of  the 
market  are  unfavorable,  these  commercial  establishments  reduce  the 
number  of  swine  on  feed.  It  is  probable  that  when  conditions  of 
trade  in  central  Europe  improve  the  lowlands  of  western  Transylvania, 
which  also  produce  large  surpluses  of  corn,  will  revive  their  former 
hog  industry. 

Table  47. — Livestock  and  owners  of  livestock  in  1911,  classified  according  to  size 
of  land  holdings  in  the  lowlands  of  Crisana  ^  and  Banat  ^  ceded  by  Hungary 
to  Rumania 


Size  of  holding 

Own- 
ers of 
ani- 
mals 

Horses 

Cattle 

Swine 

Sheep 

Goats 

Mules 

Don- 

Arpents 2 

Acres 

keys 

Less  than  1 

1  to  6 

Less  than  1.4 

1.4  to  7.1 

Number 

16, 766 

68, 779 

48,154 

35,062 

19,928 

3,073 

1,115 

827 

371 

442 

63,  968 

Number 
5,708 
35,  681 
45,  827 
58,  658 
60,774 
18,  357 
6,784 
6,298 
5,  121 
13,  214 
23,193 

Number 

15,  775 

112,  634 

119,  992 

112,  628 

84,  995 

25,  636 

13,  178 

22,  484 

23,058 

67,  772 

59,  575 

Number 
29,369 
92,883 
82,453 

98,  382 

99,  391 
30,  443 
15,  992 
25,  167 
33,  780 

113,  665 
146,  431 

Number 

8,528 

80,264 

97,  412 

128,  077 

129,  251 
46,263 
30,447 
61,  387 
45,  517 

166,042 
42,  595 

Number 

2,530 

24, 508 

11,  309 

5,206 

2,472 

373 

133 

209 

68 

86 

8,517 

Number 
.. 

10 
2 
3 
3 
2 

15 
2 

64 

13 

Number 
116 
457 

5  to  10 

7.1  to  14.2 

14.2  to  28.4 

28.4  to  71.1 

71.1  to  142.2 

142.2  to  284.4 

284.4  to  711.1 

711.1  to  1,422 

1,422  and  over 

191 

10  to  20 

136 

20  to  50 

163 

50  to  100 

98 

100  to  200 

52 

200  to  500 

104 

500  to  1,000 

1,000  and  over 

Without  land 

154 
308 
707 

Total 

258,485 

279,  615 

657,  627 

767,  956 

835,  783 

55, 411 

123 

2,486 

Calculated  from  (15, 1912,  pp.  126-137). 
1  Includes  territory  ceded  from  the  Provinces  of  XJgocsa, 
and  Torontal. 
2 1  arpent= 1.422  acres. 


Szatmar,  Bihar,  Arad,  Csanad,  Szilagy,  Temes, 


In  the  old  Kingdom,  pork  was  produced  almost  exclusively  for 
household  use.  In  1900,  there  were  730,260  households  that  pos- 
sessed 1  to  5  head  of  swine.  Only  29,473  households  possessed  6  to 
20  head.  There  were  1,399  establishments  with  21  to  50  and  only 
887  proprietors  with  more  than  50  swine  each. 

During  the  late  seventies  and  early  eighties  of  the  last  century,  the 
old  Kingdom  of  Rumania,  as  indicated  in  Table  48,  exported  between 
100,000  and  200,000  hogs  each  year.^^  But  the  industry  had  rapidly 
dwindled,  so  that  just  before  the  World  War  only  a  few  animals  were 
sent  abroad. 


'5  An  average  of  54,671  hogs  were  sent  to  tlie  commercial  feeding  establishment  of  Kobanya  near  Budapest 
each  year  between  1876  and  1880.  Under  pressure  of  Serbian  competition  and  the  development  of  the 
Hungarian  swine  industry  this  business  finally  discontinued  in  1896, 
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Table  48. — Smne:  Imports  and  exports  of  the  old  Kingdom  of  Rumania,  1877- 
1913,  and  of  Greater  Rumania,  1922-1926 


Year 

Imports 

Exports 

Old     King- 

dom: 

Number 

Number 

1877 

3,173 

195,962 

1878 

1,314 

142,506 

1879 

812 

153,607 

1880 

939 

,       92, 143 

1881 

715 

178, 430 

1882 

1,030 

136,317 

1883 

190 

143, 654 

1884 

239 

73, 648 

1885 

183 

36,275 

1886 

88 

45,648 

1887 

25 

22,276 

1888 

85 

18, 602 

1S89 

66 

14,956 

1890 

77 

3,887 

1891 

251 

5,237 

Year 


Old     King- 
dom—Con 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 


Imports 

Exports 

Number 

Number 

72 

10,799 

72 

18,557 

364 

25,141 

486 

14,252 

425 

39,  (M8 

94 

15,511 

227 

40,804 

95 

7,423 

38 

2,192 

47 

3,121 

34 

679 

70 

59 

100 

39 

1,435 

17 

Year 


Old  King- 
dom—Con 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

Greater  Ru- 
mania: 

1922 

1923 

1924 

1925 


Imports 


Pounds 

215,863 

258,311 

8,719 

13, 459 

848,515 

288,558 

16, 182 

2,134 


4,176 
1,936 
1,206 
8,660 


Exports 


Pounds 

5,644 

33 

6,182 

53,781 

16, 116 

1,332 

939 

331 


58,308,263 

29,762 

26,320,278 

66, 791, 664 


1877-1900  (50).    1901-1913  and  1922-1925  (55). 

Since  the  World  War,  pork  production  in  these  regions  has  fluctu- 
ated somewhat  with  the  amount  of  the  corn  crop,  so  that  the  export- 
able surplus  of  pork  has  also  varied  greatly  from  year  to  year.  The 
consuming  centers  in  Hungary,  Austria,  Czechoslovakia,  and  central 
Europe  have  reestablished  contacts  with  their  former  sources  of 
pork  supply  in  western  Transylvania  and  weekly  shipments  of  hogs 
are  made  to  the  western  markets. 

In  other  parts  of  Rumania,  it  is  probable  that  swine  production 
will  be  restricted  more  nearly  to  the  requirements  of  farm  families 
and  the  demands  of  local  markets.  But  in  the  Banat  and  Crisana, 
pork  production  on  a  commercial  scale  can  be  confidently  awaited 
as  a  future  development. 

Pork  Consumption 

Pork  is  the  staple  meat  diet  of  the  Rumanian  peasant.  It  is  not 
possible  to  estimate  the  number  of  swine  slaughtered  on  farms.  In 
comparison  with  cattle  and  sheep,  only  a  small  number  of  hogs  are 
killed  for  city  consumption.  As  indicated  in  Table  49,  a  total  of 
401,758  hogs  were  butchered  at  municipal  slaughterhouses  in  1923. 
The  pork  equivalent  of  this  number  of  hogs  has  been  estimated  at 
71,643,000  pounds,  which,  prorated  over  the  entire  population  of 
the  Kingdom,  amounts  to  only  4.28  pounds  per  capita. 


Table   49. — Pork    produced    at    slaughterhouses    in 

{37,  p.  91) 

Greater    Rumania, 

1923^ 

District 

Animals 
slaugh- 
tered 

Live 
weight 

Estimated 

meat 
produced  « 

Amount 

per 
capita' 

Old  Kingdom 

Number 
141,010 
199, 579 
34,707 
26,462 

1,000 

pounds 

36,463 

62,473 

8,948 

3,022 

IfiOO 

pounds 

25,888 

37.2.')6 

6,363 

2,146 

Pounds 
3.50 

Transylvania 

6.79 

Bessarabia 

2.11 

Bukovina 

2.65 

Total 

401,758 

100,906 

71,643 

4.28 

>  This  probably  represents  urban  consumption  only,  as  almost  every  peasant  family  has  roast  pork  on 
Christmas;  and  m  the  fall  almost  every  household  cures  pork  by  salting  or  smoking  for  summer  use.  It 
is  a  common  practice  to  kill  pigs  at  the  suckling  stage  and  to  roast  them  whole.  The  amount  of  pork  con- 
sumed per  capita  by  the  peasants  in  Greater  Rumania  is  doubtless  more  than  here  indicated  for  the  mean 
of  the  total  population. 

»  Dressed  meat  estimated  at  71  per  cent  of  live  weight. 

»  See  Table  4  for  populations. 
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MULES,  DONKEYS,  AND  GOATS 

The  use  of  mules  and  donkeys  in  Rumania  is  restricted  to  a  few 
thousand  occurring  incidentally  on  larger  farms  and  in  cities.  There 
is  no  well-developed  mule  production  as  in  Spain,  France,  or  Italy. 
The  influence  of  these  animals  upon  the  agricultural  situation  in 
greater  Rumania  is  negligible. 

Goats  are  found  in  considerable  numbers  among  the  poor  peasants 
in  the  mountain  districts  and  the  poorer  class  of  laborers  in  cities. 
Before  the  World  War,  as  indicated  in  Table  50,  th^re  were  about 
528,000  goats  in  the  territories  now  comprising  Greater  Rumania. 
Since  the  war,  goat  numbers  had  run  higher  than  during  1909-1913 
until  1925,  when  there  was  a  decrease  of  a  few  thousand,  bringing  the 
total  down  to  494,000.  In  1926  there  was  a  further  decrease  to 
477,000. 

Table.  50. — Goats,  mules,    and   donkeys:  Number  in  Greater  Rumania,  pre-war 

and  1921-1926 

[In  thousands— i.  e. ,  000  omitted] 


District 

Goats 

Mules 

Donkeys 

District 

Goats 

Mules 

Don- 
keys 

old  Kingdom,  1911 

Durostor  and   Caliacra, 
1910               

187 

104 

208 

26 

3 

14 

(?) 
(}) 

(?) 

(?) 

3 
5 

(?) 

Greater  Rumania: 

1921              

574 
552 

2 
3 
3 
4 
2 
2 

11 

1922 

10 

Transylvania,  1911 

Bessarabia,  1910 

1923    

585 

11 

1924 

531 
494 

477 

9 

Biikovina,  1910 

1925 

10 

1926 

11 

Total,  pre-war 

528 

4 

8 

Same  sources  as  in  Table  37. 
'  Includes  donkeys. 

2  Not  separately  stated  but  included  with  mules. 

3  Less  than  500. 

<  Not  separately  stated. 

Goats  are  maintained  for  milk  production.  As  a  rule  all  kids  are 
slaughtered  except  those  intended  for  replacement.  There  is  no 
record  of  the  numbers  of  kids  and  goats  slaughtered  for  home  use; 
but  in  1923,  city  slaughterhouses  reported  78,150  goats  killed,  from 
which  4,734,000  pounds  of  meat  were  obtained.  Prorated  over 
the  entire  Rumanian  population  this  is  equivalent  to  only  0.28 
pound  per  capita.     (Table  51) 


Table  51. — Goat  meat  produced  at  slaughterhouses  in  Greater  Rumania,  1923  {87, 

p.  91) 


Animals 
slaugh- 
tered 

Meat  produced 

District 

Total 

Per 
capita  * 

Old  Kingdom 

Number 

35,912 

39,752 

982 

1,50* 

1,000 

pounds 

1,582 

3,037 

56 

59 

Pound 
0.21 

Transylvania ..Il.l. 

.55 

Bessarabia.-.. 

.02 

Bukovina 

.07 

Total 

'      78, 160 

4,734 

.28 

I  See  Table  4  for  populations, 
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FEEDING  UVESTOCK 

Before  the  World  War  the  area  of  meadows  and  pastures  in  Greater 
Rumania  was  estimated  to  be  12,770,000  acres  and  there  were 
1,307,000  acres  of  forage  plants  or  a  total  of  14,077,000  acres  of 
grasslands.^^  This  would  mdicate  for  each  100  acres  13.5  horses; 
41.1  cattle;  23.1  swine;  79.1  sheep;  and  3.8  goats  or  161  animals  in  all. 

Livestock  also  have  the  run  of  fallow  lands  and  stubble  fields,  and 
some  portions  of  the  forest  lands,  but  the  forests  are  uncertain 
sources  of  grazing.  The  meadows  and  pastures  are  unimproved  and 
of  poor  quaUty.  In  the  old  Kingdom  of  Rumania,  the  pastures 
have  been  common  village  property  since  1908.  Livestock  are  grazed 
on  these  commons  from  early  spring  until  late  fall.  In  the  cities 
some  grain  is  given  to  horses,  cattle,  and  sheep,  but  in  the  country 
the  peasant  usually  feeds  straw  and  cornstalks  and  occasionally 
some  hay. 

Swine  are  given  a  little  grain  a  few  weeks  before  they  are  slaughtered. 
In  summer,  they  live  on  pasture  or  forage  in  the  village  streets  and 
yards.     In  winter  they  are  underfed  and  suffer  from  huijger. 

Livestock  are  seldom  kept  in  a  4-walled  shelter  and  often  run  in 
the  open  during  winter.  The  use  of  straw  as  bedding  material 
would  usually  be  considered  a  waste. 

Since  peasant  Hvestock  receive  Httle  or  no  grain  in  winter  they  are 
turned  out  in  spring  in  a  half-starved  condition.  The  meadows  and 
pastures  are  kept  so  closely  cropped  that  they  are  practically  barren 
when  the  drought  of  summer  comes.  There  is  no  reserve  grass,  and 
if  drought  is  protracted  the  villagers  are  obliged  to  sacrifice  their 
reserve  stock.  Often  the  poorer  peasants  are  reduced  to  selling  their 
work  animals.  Thus  in  1924  the  general  shortage  of  feed  throughout 
Rumania  was  followed  by  a  sharp  reduction  in  livestock.  The 
enumeration  in  1925  shows  364,000  fewer  head  of  cattle  than  in  1924; 
662,000  fewer  sheep,  37,000  fewer  goats,  and  30,000  fewer  horses. 

MEAT  PRODUCTION  AND  CONSUMPTION 

Meat  consumption  in  Rumania  is  very  restricted;  that  of  the  old 
Kingdom  has  been  estimated  at  20.9  pounds  per  capita  before  the 
World  War,  by  G.  Jonescu-Sisesti  in  Rumaniens  Bauerliche  Land- 
wirtschaft  (19).  Jonescu-Sisesti  has  also  estimated  the  post-war 
consumption  of  meat  in  cities  of  Greater  Rumania  at  113.2  pounds 
as  contrasted  with  7.7  pounds  in  the  rural  districts.  If  these  con- 
sumption rates  be  applied  to  the  rural  and  urban  population  as 
reported  in  1923,  the  mean  consumption  for  all  classes  was  about 
30  pounds  per  capita.  In  1923  meat  production  of  the  old  Kingdom 
amounted  to  658,563,000  pounds,  according  to  previous  tables. 
Even  subtracting  4,061,000  pounds,  the  exports  of  meat  from  total 
Greater  Rumania  during  1923  would  indicate  a  consumption  of 
654,502,000  or  39.1  pounds  per  capita,  which  is  about  one-third 
higher  than  Jonescu-Sisesti 's  post-war  estimate  and  almost  twice 
the  pre-war  estimate  for  the  old  Kingdom.  This  figure  does  not 
include  sheep  and  hogs  slaughtered  by  peasants  for  home  use. 

**  Fallow  lands  produce  grass  for  hay  and  grazing  but  with  changes  of  boundaries  there  has  been  a  change 
in  the  manner  in  which  tellow  lands  are  classified  so  that  it  is  not  possible  to  compare  post-war  with  pre-war 
fallow  areas. 
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A  great  advance  in  the  standard  of  living  among  all  classes  of 
Rumanian  society  is  thus  indicated. 

Before  the  World  War,  almost  all  the  cattle  slaughtered  in  the  old 
Kingdom  were  unfattened  or,  at  best,  were  only  grass  fed.  Distilleries 
fattened  a  few  head  of  cattle  annually  for  city  demand,  and  occasion- 
ally a  peasant  or  an  estate  owner  stall-fed  a  few  head  in  the  fall 
after  the  season's  work  had  been  completed.  But  these  cases  were 
rare,  and  usually  the  slaughter  weights  of  cattle  were  low.     (Table  52.) 

Table   52. — Live  weights   of  cattle  marketed  in  the  old   Kingdom  of  Rumania, 

pre-war  (19,  p.  86) 


Classification 

Unfattened 

Fattened  on 
grass 

Stall  fed 

Oxen: 

Moldavian.  

Pounds 
428  to  1, 036 
351  to     772 
373  to  1,323 

397  to      728 
344  to      628 
331  to      617 

66  to      287 
55  to      243 
62  to      216 

Pounds 
525  to  1, 190 
450  to  1,036 
483  to  1, 102 

474  to      974 
417  to      772 
364  to      794 

99  to      397 
104  to      309 
119  to      320 

Pounds 
992  to  1, 367 

Mountain.- 

772  to     948 

Different  crossbreeds . 

661  to     739 

(3ows: 

Moldavian . 

661  to     772 

Mountain  ' 

485  to      750 

Crossbreeds  

617  to      573 

Calves: 

Moldavian.- 

198  to      441 

Mountain..  ... 

132  to      287 

Crossbreeds 

159  to      220 

CONCLUSIONS  REGARDING  RUMANIAN  AGRICULTURE 

It  is  probable  that  the  general  trend  of  agriculture  in  Greater 
Rumania  will  be  away  from  the  extensive  production  of  cereals, 
particularly  wheat,  with  its  large  marketable  surpluses,  and  will 
probably  be  toward  a  so-called  'intensive  agriculture."  This  does 
not  mean  intensive  in  the  western  sense  of  the  term.  It  merely  means 
that  the  general  tendency  in  peasant  agriculture  is  to  maintain  more 
domestic  animals  per  acre  of  land  holding  than  is  the  case  on  large 
estates.  The  natural  consequence  of  the  land  reform  will  thus  cul- 
minate in  somewhat  larger  numbers  of  livestock  in  Greater  Rumania 
than  were  customary  before  the  World  War.  Although  Httle  grain  is 
fed  to  Hvestock,  except  in  the  western  lowlands  of  the  Banat  and  Cri- 
sana,  a  general  increase  in  Hvestock  numbers  wiU  tend  toward  some- 
what larger  quantities  of  field  crops  being  fed  on  the  farms  and  smaller 
surpluses  of  field  crops  being  available  for  market. 

There  appears  to  be  an  increase  in  meat  consumption  in  Greater 
Rumania  in  keeping  with  the  higher  standard  of  hving  adopted  since 
the  war.  This  should  stimulate  meat  production  and  will  tend  to 
absorb  large  numbers  of  animals  between  livestock  enumeration 
periods,  so  that  a  considerable  expansion  of  the  animal  industry 
may  not  be  proportionately  discernable  from  published  statistics.  At 
the  same  time,  the  effect  upon  reducing  the  amounts  of  marketable 
surpluses  of  cereals  might  be  appreciable. 

There  appears  to  be  a  trend  toward  increased  wheat  consumption 
in  Greater  Rumania;  which  should  also  depress  marketable  sur- 
pluses. However,  the  great  faUing  off  in  cereal  exports  from  Rumania 
is  the  result  of  the  shift  from  commercial  production  of  cereals  on 
large  estates  to  small  peasant-farming  practices  following  the  sweeping 
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land  reform.  The  most  apparent  effect  of  the  land  refonn  upon 
cereal  production  has  been  a  positive  shift  from  seeding  winter  grain 
to  increased  seeding  of  spring  grains.  The  fall  seeding  for  the  wheat 
crop  of  1927  was  1,234,381  acres  less  than  for  the  crop  of  1926;  rjre 
was  81,457  acres  less,  and  barley  10,880  acres  less.  This  decrease  is 
attributable  to  a  certain  extent  to  the  drought  of  September  and 
October,  which  hindered  plowing.  At  the  same  time  it  requires 
greater  foresight  and  initiative  to  seed  grain  in  the  fall  to  be  harvested 
the  following  year  than  it  does  to  rush  any  sort  of  crop  into  the  ground 
in  spring.  The  Rumanian  peasant  lacks  both  foresight  and  initiative, 
and  consequently  there  is  a  greater  tendency  toward  haphazard 
spring  seeding  than  formerly. 

The  peasant  is  a  very  mediocre  farmer  as  a  rule,  and  in  Rumania 
the  peasant  methods  of  agriculture  are  archaic.  Consequently, 
yields  per  acre  up  to  1926  have  been  much  lower  than  the  very  modest 
yields  obtained  before  the  World  War.  In  1926,  as  indicated  in 
Table  18,  barley,  oats,  and  corn  ranged  somewhat  above  pre-war, 
but  the  mean  yield  per  acre  for  all  five  chief  cereals  w^as  still  half  a 
bushel  less  than  the  1909-1913  average. 

Thus  not  only  has  there  been  a  shift  from  wheat  and  rye  produc- 
tion toward  increased  corn,  barley,  and  oats  production,  but  because 
of  low  yields  per  acre  the  exportable  surpluses  of  bread  cereals  are 
not  so  large  as  they  othenvise  would  be. 

The  quality  of  peasant  products  is  very  low.  Under  the  estate 
system  of  farming,  a  large  proportion  of  export  grain  was  of  uniform 
and  high  quahty  and  Rumania  enjoyed  a  certain  reputation  for  the 
excellence  of  its  exports.  Under  the  present  retrogressive  system  of 
peasant  agriculture,  it  is  difficult  to  assemble  a  cargo  of  standard 
grades  of  grain,  and  foreign  buyers  are  having  recourse  to  estabhshing 
resident  agencies  in  Rumania  to  buy  in  place  such  grain  as  will  meet 
their  specific  requirements.  This,  however,  is  expensive  and  the 
cost  of  handling  the  crop  is  ultimately  chargeable  against  the  profit 
obtainable  by  the  producer. 

As  with  grain,  the  quality  of  livestock  is  poor.  There  is  no  such 
thing  as  a  beef  breed  of  cattle  in  Rumania  and  dairy  stock  is  mediocre, 
except  in  the  western  departments  of  Transylvania,  where  the  quahty 
of  beef,  pork,  and  mutton  produced  compares  favorably  with  that 
fattened  in  central  Europe.  But  in  the  departments  south  and  east 
of  the  central  mountain  ranges  the  quality  of  meat  animals  sent  to 
market  would  hardly  fit  them  to  meet  the  requirements  of  the  western 
European  demand. 

It  is  probable  that  increased  population  and  changes  in  living 
standards,  together  with  postwar  retrogression  in  agricultural  pro- 
duction have  so  depleted  potential  surpluses  that  the  territories  now 
constituting  Greater  Rumania  will  not  for  many  years  exercise  the 
influence  upon  western  markets  that  they  enjoyed  before  the  World 
War. 

44874°— 29 6 
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THE  AGRICULTURAL  SITUATION  IN  BULGARIA 

Bulgaria  suffered  less,  territorially,  in  consequence  of  the  World 
War  than  did  any  of  Germany's  other  allies.  In  fact  the  area  of  the 
country  as  fixed  by  the  provisions  of  the  treaty  of  Neuilly  is  2,626 
square  miles  greater  than  it  was  at  the  outbreak  of  the  war  of  the 
Balkan  allies  against  Turkey.  Nevertheless  Bulgaria  has  undergone 
pronounced  territorial  changes  that  have  had  a  profound  influence 
upon  the  economic  life  of  the  nation. 

The  present  area  of  Bulgaria,  according  to  the  terms  of  the  treaty 
of  NeuHly,  comprises  39,825  square  miles,  and  is  thus  about  the  size 
of  the  State  of  Ohio.^^ 


Figure  3.— Map  of  Bulgaria 

Bulgaria  ceded  to  Rumania  in  1913  parts  of  its  richest  cereal-producing  Provinces  along  the 
northeastern  frontier,  but  acquired  a  very  considerable  territory  from  Turkey  on  the  south. 
This  acquired  territory  is  a  tobacco  region  not  producing  sufficient  cereals  to  meet  local 
demands.  Consequently  Bulgaria  occupies  a  less  significant  status  among  European  wheat- 
exporting  countries  than  was  the  case  before  the  World  War. 

Between  1913  and  1919  the  area  of  Bulgaria  fluctuated  consider- 
ably with  the  vicissitudes  of  war.  At  the  close  of  the  campaign 
against  Turkey,  Bulgaria  acquired  territories  which  extended  the 
southern  frontiers  of  the  Kingdom  to  the  Aegean  Sea.  This  newly 
acquired  territory,  to  the  south  is  mountainous  in  character  and 
consists,  for  the  most  part,  of  barren  stretches.  There  were  also 
extensive  forests  and  pastures,  but  only  a  small  percentage  of  the 
total  area  could  be  profitably  cultivated  to  field  crops.    At  the  same 


3^  The  Kingdom  of  Bulgaria,  occupying  the  north-central  portion  of  the  Balkan  Peninsula,  lies  between 
the  parallels  41°  12*  48"  and  44°  12'  30"  north  latitude,  or  at  about  the  same  distance  from  the  Equator  as 
the  State  of  Iowa.   In  longitude  it  lies  between  the  meridians  20°  21'  14"  and  28°  3'  64"  east  (Oreenwich). 
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time  that  this  agriculturally  poor  territory  was  acqruired  to  the  south, 
Bulgaria  ceded,  in  the  way  of  compensation  to  Kurnania,  portions 
of  five  of  the  richest  grain  surplus  producing  Provinces  along  the 
northeastern  frontier  in  the  Dobruja. 

By  a  special  convention  with  Turkey,  in  1915,  Bulgaria,  before 
entering  the  World  War,  acquired  additional  territory  on  the  south 
and,  invading  Dobruja,  immediately  reoccupied  the  counties  that 
had  so  recently  been  ceded  to  Rumania.  At  the  end  of  the  World 
War  Bulgaria  withdrew  from  the  ceded  Rumanian  territories  and, 
according  to  the  terms  of  the  treaty  of  Neuilly,  reUnquished  to 
Yugoslavia  990  square  miles  and  to  Greece  3,364  square  miles  of 
territories  cHi  the  south  and  west.  This  left  the  present  area  of  the 
Kingdom  39,825  square  miles.     (Fig.  3.) 

The  extent  of  these  changes  is  shown  in  the  following  statement. 

Modifications  in  the  territory  of  the  Kingdom  of  Bulgaria   (8,  Ann.   16-16,   v. 

[XXXIII]) 

1.  After  the  war  of  1912-13.     Treaty  of  Bucharest: 

Area  of  Bulgaria —  *  Square  miles 

Before  the  war 37,  199 

Ceded  to  Rumania 2,  971 


ceded  territory 34,  228 

Area  gained  from  Turkey 8,  952 

Total  in  1913 43,  180 

2.  After  the  convention  of  1915  with  Turkey: 

Area  gained  from  Turkey ^ 999 

Total  in  1915_-_ 44,  179 

3.  After  the  treaty  of  Neuilly  in  1919: 

Area  ceded  to  Yugoslavia — 

Old  territory 596 

New  territory 394 

Total 990 

Area  ceded  to  Greece — 

New  territory 3,  364 

Total  area  ceded  to  Greece  and  Yugoslavia 4,  354 

Present  area  of  Bulgaria _  39,  825 

Old  territory  retained  (residual  Bulgaria) 33,  632 

New  territory  gained d. 6,  193 

Total  area 39,  825 

PHYSICAL  CHARACTERISTICS  OF  THE  COUNTRY 

The  low  Balkan  Mountain  range,  the  Stara  Planina  (Old  Mountain) 
traverser  Bulgaria  from  the  Black  Sea  westward  to  the  frontier  of 
Yugoslavia.  Between  this  mountain  range  and  the  Danube  River 
hes  a  broad,  fertDe,  rolling  plain  sloping  to  the  north,  which  is  well 
watered  by  the  Isker,  Osma,  Jantra,  and  Lom  Rivers.  This  is  called 
the  district  of  north  Bulgaria.  It  occupies  16,757  square  miles. 
Its  soil  is  a  deep,  black,  fertile  loess.  Average  annual  rainfall  ranged 
between  23.97  and  24.89  inches  during  the  5-year  period  ended 
1923.  This  is  the  greatest  cereal  surplus-producing  region  of  the 
Kingdom. 
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To  the  south  of  the  Balkan  Mountains,  the  coastal  plains  of  the 
Black  Sea  and  the  central  valley  of  the  Maritsa  extend  to  the  foot- 
hills of  the  Rhodope  Range  of  mountains.  These  coastal  plains 
and  the  valley,  together  with  the  mountainous  regions  acquired 
from  Turkey  as  far  west  as  the  Mesta  River,  form  the  district  of 
south  Bulgaria,  which  has  an  area  of  16,316  square  miles.  The 
soils  of  the  plains  and  valleys  are  fertile.  The  average  rainfall  during 
the  5-year  period  ended  1923  ranged  from  22.67  to  27.62  inches 
annually. 

The  famous  rose-oil  industry  is  located  on  the  southern  slopes  of 
the  Balkan  Mountains.  To  the  south  and  in  the  mountainous 
valleys  of  the  Rhodope  Mountains  tobacco  is  the  most  important 
crop.  The  valleys  and  plains  of  south  Bulgaria  are  devoted  to  the 
production  of  cereals,  the  surpluses  of  which  are  sufficient  to  balance 
the  deficit  production  of  the  newly  acquired  territories  and  to  leave 
a  considerable  margin  for  export  abroad. 

The  western  portion  of  Bulgaria,  south  of  the  Balkan  Range, 
is  a  broad  plateau  broken  to  the  south  by  the  ranges  of  the  Rhodope 
Mountains.  This  is  the  district  of  southwest  Bulgaria,  which  has 
an  area  of  6,752  square  miles.  It  includes  the  upper  basins  of  the 
Struma  and  the  Mesta,  as  well  as  the  upper  valley  of  the  Maritza 
(which  flows  into  the  Aegean  Sea)  and  the  upper  valley  of  the  Isker 
(which  flows  into  the  Danube  River).  The  soils  of  these  elevated 
regions  are  not  so  well  adapted  to  wheat  as  are  those  of  the  districts 
of  the  north  and  south.  Rainfall  averages  26.36  inches.  The  pro- 
duction of  tobacco  in  the  south  and  of  fruit  in  the  north  are  impor- 
tant industries.  The  district  as  a  whole  does  not  produce  sufficient 
cereals  to  coyer  local  requirements. 

About  25,708  square  miles,  or  64.6  per  cent  of  the  total  area  of 
Bulgaria,  he  between  sea  level  and  an  altitude  of  500  meters  (1,640 
feet),  within  the  range  best  adapted  to  intensive  agriculture. 

UTILIZATION  OF  THE  LAND 

There  is  no  record  of  the  manner  in  which  the  lands  acquired 
from  Turkey  were  utilized  before  the  Balkan  Wars.  An  approximate 
estimate  of  the  agriculturally  potential  value  of  the  ceded  terri- 
tories, as  contrasted  with  acquired  territories,  can  be  obtained  by 
comparing  the  manner  in  which  the  lands  of  the  ceded  districts 
and  the  residual  counties  of  Bulgaria  were  utilized  in  1912  with  the 
manner  in  which  lands  were  utilized  in  these  residual  counties  and 
in  the  acquired  districts  in  1923. 

Peasant  agriculture  predominates  in  all  these  districts.  It  is 
the  characteristic  of  the  peasant  to  conduct  his  farm  operations 
on  about  the  same  scale  from  year  to  year.  He  may  rotate  the 
crops  on  his  plowlands,  but  the  extent  of  these  plowlands  in  relation 
to  meadows  and  forests  remains  remarkably  constant  year  in  and 
year  out  until  some  disrupting  series  of  events  breaks  up  the  routine, 
after  which  he  again  settles  down  to  a  seasonal  round. 


AGRICULTURAL  SURVEY   OF  EUROPE  85 

I  Table  63. — Utilization  of  land  in  Bulgaria,  1912,  192S,  and  1924 


UtUization  of  land 

1912  (8,  Ann.  15-18,  p.  XXXIII, 
B  It;  9, 191S) 

1923  (fl,  19tS) 

1934  («, 
Ann.  17, 
p.  127) 

Old  King- 
dom of 
Bulgaria 

Ceded 
territory 

Residual 
territory 

Residual 
territory 

Acquired 
territory 

Total 
Bulgaria 

Total 
Bulgaria 

Plowland: 
Cereal 

1.000 

acres 

6,337 

212 

83 

17 

100 

530 
1,710 

Per 
cent 
70.5 
2.4 
.9 
.2 
1.1 

6.9 
19.0 

1,000 

acres 

796 

79 

3 

(0 

16 

66 
276 

Per 

cent 

64.6 

6.4 

.2 

""i."2 

5.3 
22.4 

1,000 
acres 
5,541 
133 
80 
17 
85 

464 
1,434 

Per 
cent 
71.5 
1.7 
1.0 
.2 
1.1 

6.0 
18.6 

1,000 
acres 
5,169 
138 
155 
67 
87 

516 
1,735 

Per 
cent 

65.7 

1.8 

2.0 

.8 

1.1 

6.5 
22.1 

1.000 

acres 

227 

4 

37 
6 
2 

Per 

cent 

59.9 

1.1 

9.8 

1.3 

.5 

2.1 
25.3 

1,000 
acres 
5,396 
142 
192 
72 
89 

524 
1,831 

Per 

cent 
65.4 

1,000 
acres 
5.592 

Per 
cent 
66.3 

1-eKuminoiis  plants. 
Industrial  plants... 
Hoots  and  tubers... 
Vegetables... 

1.7       191 
2.3       188 
.9        86 
1.1         95 

2.3 
2.2 
1.0 
1.1 

Forage  plants  and 
temporary 
meadows 

6.4 

602 

7.1 

Fallow      

22.2    1,688 

20.0 

Total 

8,989 

100.0 

1,235 

100.0 

7,754 

100.0 

7,867 

100.0 

379 

100.0 

8,246 

100.0   8,442 

100.0 

AU  land: 
Plowland 

8,989 

885 

»2,256 

152 

29 

20 

»7,004 

84,472 

37.8 
3.7 
9.5 
.6 

.1 

.1 

29.4 

18.8 

1,235 

34 

»224 

8 

2 

54.1 

1.5 

9.8 

.3 

.1 

7,754 
851 

2,032 
144 

27 

20 

6,310 

9  4,386 

36.0 
4.0 
9.4 

.7 

.1 

.1 

29.3 

20.4 

7,867 

767 

<1,930 

136 

36 

11 

75,993 

84,784 

36.5 

3.6 

9.0 

.6 

.2 

.1 

27.8 

22.2 

379 

21 

<367 

3 

2 

9.5 
.5 

9.3 
.1 

.1 

8,246 
788 

2,297 
139 

38 

11 

7,132 

86,837 

32.4 

3.1 

9.0 

.6 

.1 

"28."0 
28.8 

8,442 

798 

»2,297 

156 

44 

12 

7,132 

86,  607 

33.1 

Natural  meadows.. 
Pastures 

3.1 
9  n 

Vinyards  . 

.6 

Orchards  and  gar- 
dens.   .. 

,2 

Rose  gardens 

.1 

Forests 

•694 
8  86 

30.4 
3.8 

n,139 
82,053 

28.7 
51.8 

?8  0 

Unproductive 

25.9 

Total 

23,807 

100.0 

2,283 

100.0 

21,524 

100.0 

21,524 

100.0 

3,964 

100.0 

25,488 

loao 

25,488 

100.0 

1  Less  than  500  acres. 

J  Data  for  1908  from  (8,  Ann.  4,  p.  If7). 

8  Estimated  to  be  the  same  ratio  of  pastures  to  forests  as  for  the  old  Kingdom  of  Bulgaria. 

*  Estimated  to  be  the  same  ratio  of  pastures  to  forests  as  for  residual  territory,  1912. 

*  Estimated  to  be  the  same  as  estimate  for  1923. 

«  Estimated  from  data  given  in  (8,  Ann.  4.  p.  175). 
»  Data  for  1924,  from  (8,  Ann.  15-16.  p.  B  S5). 
8  Adjusted  to  balance  total. 

The  outstanding  differences  to  be  found  in  land  utilization  when 
comparing  the  old  Kingdom  of  Bulgaria  with  present  Bulgaria  are 
that  there  were  about  547,000  acres  less  plowland  and  2,135,000  more 
acres  of  unproductive  land  in  1924  in  the  territories  comprising  present- 
day  Bulgaria  than  in  the  old  Kingdom  in  1912.     (Table  53.) 

Bulgaria  gained  from  Turkey  on  the  south  3,963,000  acres,  of 
wliich  only  9.5  per  cent  was  reported  to  have  been  plowland  in  1923; 
whereas  51.8  per  cent  was  reported  to  be  nonproductive.  On  the 
other  hand,  Bulgaria  ceded  to  Rumania,  on  the  northeast,  and  to 
Yugosla\da,  on  the  west,  2,283,000  acres,  of  which  54.1  per  cent  was 
plowland  and  only  3.8  per  cent  of  which  was  reported  to  be  unpro- 
ductive in  1912.  These  differences  have  beep  of  profound  signifi- 
cance. 

If  we  compare  the  utilization  of  the  land  in  1912  in  the  residual 
portion  of  Bulgaria  (that  is,  that  portion  of  the  old  Kingdom  remain- 
mg  after  deducting  the  territories  ceded  to  Rumania  and  Yugoslavia) 
with  the  utilization  of  the  land  in  1923  in  this  same  territory,  it  will 
be  noted  that  there  was  a  decrease  in  cereal  lands,  although  plowlands 
were  reported  in  somewhat  greater  acreage  than  formerly,  and  there 
was  a  marked  increase  in  fallow  lands. 

The  trend  of  these  changes  indicates  a  decreased  potential  cereal 
production  in  proportion  to  the  area  of  the  country.  This  is  par- 
ticularly significant  since  the  bulk  of  the  acreage  of  cultivated  crops 
in  Bulgaria  is  devoted  to  cereals. 
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POPULATION 

The  old  Kingdom  of  Bulgaria  had  a  population  of  4,337,513  in 
1910,  or  116.6  per  square  mile.  In  1920  there  were  4,846,971  inhabit- 
ants^^ within  the  new  boundaries  of  Bulgaria,  or  121.7  per  square 
mile. 

There  are  no  large  cities  in  Bulgaria.  Sofija,  the  capital  and 
metropolis,  had  only  154,025  inhabitants  in  1920.  Plovdiv  (Philip- 
popolis)  came  second  with  63,415,  followed  by  Varna  with  a  popu- 
lation of  50,810,  and  Russe  with  41,652  inhabitants.^^  There  were 
75  seats  of  state,  province  and  township  governments  and  17  other 
cities  which  did  not  have  administrative  functions.  The  total  city 
population  in  1920  comprised  966,375  Bulgarian  citizens,  Russian 
immigrants,  74,174  refugees  from  the  former  Turjkish  territories  to 
the  south  that  have  been  incorporated  into  the  Kingdom  of  Greece, 
and  other  individuals. 

The  966,375  city  dwellers  lived  in  241,659  family  groups  or  house- 
holds, averaging  about  4  persons  to  each  establishment.  The 
households  in  the  rural  districts,  on  the  other  hand,  were  larger, 
averaging  5.7  persons  each.  The  native  rural  population,  which 
lived  in  4,214  villages  and  1,353  hamlets,  was  reported  at  3,880,596 
persons  who  lived  in  675,593  family  groups,  in  1920.  There  were 
also  68,133  Bulgarian  refugees  from  the  south,  Russian  immigrants, 
and  others  living  outside  of  cities. 

Those  living  in  rural  districts  in  1920  constituted  80.1  per  cent 
of  the  total  population;  but  all  of  those  living  outside  of  cities  were 
not  engaged  in  agriculture.  A  large  number  of  the  city  dwellers, 
however,  earned  their  livelihood  by  farming,  so  that  81.3  per  cent  of 
those  actively  employed  in  1920  were  classified  as  agricultural  workers, 
hunters,  and  fishermen.  (Table  54.)  As  the  latter  two  classi- 
fications include  very  few,  it  is  probable  that  the  actual  farming  popu- 
lation is  fully  80  per  cent  of  the  total. 

Table  54. — Population  of  Bulgaria  actively  employed,  classified  by  occupatioUy 
1910  and  1920  (8,  Ann.  15-16,  pp.  94,  98) 


Occupation 


Old  boundaries 
1910 


New  boundaries 
1920 


Agriculture,  hunting,  and  fishing 

Mining,  etc -.. 

Industry 

Communication  and  transport 

Commerce,  bank,  and  credit 

Public  service  and  liberal  professions 

Public  force 

Landed  proprietors _ 

Domestic  servants 

Day  laborers 

Unknown 

Total--- - 


Number 

1, 820, 801 

1,947 

178, 437 

27,990 

69,109 

54,312 

34,999 

15,  362 

22,439 

14,  722 

4,062 


2,  244, 180 


Per  cent 
81.1 

.1 
8.0 
1.2 
3.1 
2.4 
1.5 

.7 
1.0 

.7 

.2 


Number 

2, 143, 121 

5,544 

204,  862 

33,  958 

70,669 

72,990 

41,207 

27,  726 

18,812 

9,493 

7,007 


100.0 


2, 635, 389 


Per  cent 
81.3 
.2 
7.8 
1.3 
2.7 
2.8 
1.5 
1.0 
.7 
.4 


100.0 


Compared  with  agriculture  other  occupations  engage  very  insignif- 
icant numbers  of  the  population,  who  for  the  most  part  live  in  self- 
supporting  homes  based  upon  the  tillage  of  the  soil. 


38  The  number  of  inhabitants  in  December,  1925,  was  5,105,800  or  128.2  per  square  mile. 
30  Some  of  the  larger  cities  with  their  populations  in  1920  were:  Sliven,  28,590;  Pleven,  27,446;  Stara  Zagora, 
25,314;  Sumen,  23,753;  Burgas,  21,170;  Yambol,  19,875;  Khaskovo,  19,418;  and  Pazardzik.  19,562, 
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The  Bulgarians,  like  the  Greeks  and  the  Rumanians,  are  a  mixed 
people.  Before  the  Christian  era  the  peninsula  between  the  Black 
and  Adriatic  Seas  was  successively  overrun  by  the  Odryssae,  the 
Macedonians,  and  the  Celts.  In  the  first  century  B.  C.  it  was 
conquered  by  the  Romans,  and  Romanized  Wallachians,  from  north 
of  the  Danube,  settled  in  large  numbers  in  what  is  now  north  Bulgaria. 
During  the  great  migration  of  the  nations  the  Balkans  were  pene- 
trated by  the  Slavs.  In  the  seventh  century  a  horde  of  Fino-Tartars 
called  "Bolgars"  or  **Bol-Agalars"  crossed  the  Danube,  conquered 
the  scattered  Slavic  clans,  and  welded  them  into  a  united  whole. 
This  Tartar  element,  although  giving  governmental  direction  to  the 
newly  organized  nation,  was  numerically  weak  and  their  language  was 
finally  absorbed  by  the  Slavs.  The  basic  element  in  the  Bulgarian 
nation  is  Slavic,  but  there  are  strong  admixtures  of  Greek,  Celt, 
Roman,  Wallachian,  and  Mongolian.  The  Bulgarians  are  the  most 
energetic  and  industrious  people  in  the  Near  East  and  possess  the 
characteristics  to  utilize  to  the  utmost  the  elements  of  soil  and  climate 
with  which  nature  has  endowed  their  country. 

LAND  TENURE 

In  most  countries  the  pre-war  contrast  between  the  size  of  the  vast 
(^states  of  the  ruling  classes  and  the  scattered  fields  of  the  peasants 
was  so  great  that  any  land  owned  by  a  single  individual  up  to  100 
hectares  (247.1  acres)  was  considered  to  be  a  ''small  holding." 
According  to  the  latest  report  (1908),  the  peasants  of  Bulgaria 
owned  and  operated  about  94  per  cent  of  the  plowland  of  holdings 
of  247.1  acres  or  less.  Only  about  4  per  cent  of  the  privately  owned 
plowlands  was  operated  as  large  estates.  Most  of  the  remaining 
plowland  belonged  to  the  State  and  to  various  institutions.  These 
lands  were  customarily  rented  to  the  peasants  on  shares  or  for  cash, 
and  were  consequently  farmed  according  to  peasant  traditions. 
This  custom  brought  about  96  per  cent  of  the  plowland  of  the  King- 
dom under  the  peasant  system  of  agriculture.     (Table  55.) 

Bulgaria  was  so  decidedly  a  country  of  small  farmers  that,  before 
the  World  War,  any  holding  of  more  than  30  hectares  (74.1  acres) 
was  considered  large.  Fully  86  per  cent  of  the  plowland  was  operated 
as  holdings  of  74.1  acres  or  less.  There  are  few  large  estates  because 
the  Kingdom  of  Bulgaria  had  been  so  recently  established  (1879) 
that  there  had  not  been  time  for  a  large  landed  nobihty  to  become 
estabUshed.  The  former  nobility,  which  was  Turkish,  had  fled  the 
country. 

Up  to  1879,  and  during  the  five  preceding  centuries,  Bulgaria  had 
been  a  Province  of  the  Ottoman  Empire  whose  Government  was 
conducted,  theoretically  at  least,  according  to  the  principles  laid 
down  in  the  Koran.  According  to  the  Koran,  the  earth  belonged  to 
Allah,  who  conceded  the  possession  of  portions  of  it  to  the  faithful. 
The  sultans,  descended  direct  from  Mahomet  the  Prophet,  distributed 
the  lands  of  conquered  peoples  to  certain  of  these  faithful  ones, 
according  to  the  importance  of  their  services  rendered  to  the  cause 
of  Islam.  Under  this  system  the  conquering  faithful  had  jurisdiction 
over  vast  domains  and  the  conquered  unfaithful  were  reduced  to 
serfdom.  This  was  the  condition  of  Bulgaria  for  about  500  years. 
The  Moslems  were  the  overlords  and  the  Christian  Slavic-Bulgars 
were  practically  slaves. 
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Table   55. — Productive   land  in   Bulgaria,   classified   by  size  of  holdings,    1908 
{8,  Ann.  5-14,  sec.  B,  p.  4,  17) 


Class  and  size  of  land  holding 

Proprietors 

Plots 

Area 

Total 

Hectares 

Acres 

Total 

Per- 
cent- 
age 

Total 

Per- 
cent- 
age 

culti- 
vated 
fields 

Privately      owned 
land: 

Less  than  2 

2  to  5 

Less  than  5 

5  to  12     

Number 

424, 898 

212, 618 

174, 110 

94,328 

17,  304 

5,017 

1,933 

2,223 

592 

154 

99 

91 

Per  cent 

45.6 

22.8 

18.7 

10.1 

1.9 

.6 

.2 

.2 

.1 

(0 

Number 

1,157,087 

2, 320, 645 

3,240,007 

2,  306, 836 

507,007 

163,  618 

65,223 

77, 891 

22,507 

7,031 

4,502 

4,165 

Acres 

794, 593 

1, 761, 914 

3,068,531 

3, 155, 413 

1,019,023 

423,922 

213, 002 

365, 442 

197, 048 

92,  770 

92, 148 

246,  512 

Per  cent 

7.0 

15.4 

26.8 

27.6 

8.9 

3.7 

1.9 

3.2 

1.7 

.8 

.8 

2.2 

Acres 
481, 452 

1,  598, 197 

2,  577,  223 
2, 333,  440 

5  to  10 

12  to  24.7 

10  to  20... 

24.7  to  49.4 

20  to  30 

49.4  to  74.1 

708,389 

30  to  40 

74.1  to  98.8.   

297, 975 

40  to  50 

98.8  to  123.6     . 

162,900 
262, 927 

50  to  100 

123.  6  to  247 

100  to  200 

247  to  494.2 

146, 995 

200  to  300 

300  to  500.. 

600  and  over 

494.2  to  741.1 

741.1  to  1,  235.5 

1,235.5  and  over 

66,  343 
59,  945 
63, 131 

Total 

933,  367 

100.0 

9,876,619 

11,  430,  318 

100.0 

2  8,758,917 

PROPERTIES 

Unclassified: 

State  lands 

1,035 

12 

3,639 

1,281 

1,100 

321 

392 

149 

1,427 

174 

10.9 

.1 

38.2 

13.4 

11.5 

3.4 

4.1 

1.6 

15.0 

1.8 

9,159 
62 

18, 758 
8,224 
5,008 
3,913 
1,339 
2,445 

33,916 
1,189 

1, 879,  269 

3,152 

5,973,614 

171,  018 

35,  616 

139, 186 

10,  224 

6,013 

65,  611 

10,  616 

22.7 

'iU 

2.1 
.4 

1.7 
.1 
.1 
.8 
.1 

20,174 

County  lands , 

155 

Village  lands 

18,  575 
30,  352 

Church  lands 

8,861 

Monastery  lands 
Mosque  lands 

7,983 
4,101 

National-bank  k 
Agricultural -ban 
Various  societies 

mds 

5,062 
52,  940 

k  lands 

lands     _         -- 

Total                        

9,630 

100.0 

84,013 

8,  294, 319 

100.0 

148, 203 

Grand  total.        

9, 960,  532 

n9, 724, 637 



8, 929, 039 

1  Less  than  0.05  per  cent. 

'  In  addition  there  were  21,919  acres  of  private  household  gardens,  plowed  fallow  lands  and  cultivated 
fields  of  various  societies. 
3  Not  separately  stated;  included  in  the  21,919  acres  stated  in  note  2. 
*  In  addition,  there  were  4,082,336  acres  classified  as  unproductive. 

Following  the  liberation  of  Bulgaria  from  the  Turkish  yoke,  by  the 
armies  of  Russia,  various  laws  were  passed  to  ameliorate  the  position 
of  the  peasant.  But  it  was  not  until  December  15, 1890,  that  a  general 
expropriation  of  former  Turkish  estates  went  into  effect.  The  land 
was  distributed  at  that  time  among  those  by  whom  it  had  been  worked. 
The  first  census  was  taken  in  1897.  At  this  time  93.4  per  cent  of  the 
privately  owned  land  was  worked  as  small  or  peasant  holdings  of  less 
than  247  acres,  and  77.7  per  cent  of  the  land  was  in  holdings  of  from 
5  to  74.1  acres.  The  holdings  of  less  than  5  acres  amounted  to  6.6 
per  cent  (7,  jp.  67). 

The  census  of  1908  reveals  but  Httle  change,  94.5  per  cent  of  the 
privately  owned  land  being  in  holdings  of  247.1  acres  or  less;  whereas 
78.8  per  cent  was  in  holdings  between  5  and  74.1  acres;  and  7  per 
cent  in  holdings  less  than  5  acres.  • 

More  than  four-fifths  of  the  pasture  lands  (80.8  per  cent)  as  well 
as  58.8  per  cent  of  the  forests  were  owned  by  the  villages  as  common 
property.  (Table  56.)  The  greater  portion  of  the  lands  controlled 
by  the  Crown  and  by  large  private  land  owners  consisted  of  forests. 
Schools,  religious  orders,  and  banks  controlled  only  relatively  small 
acreages  of  plowland. 
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Table  56. — Utilization  and  ownership  of  land  in  Bulgaria,  1908  {8,  Ann.  5-14) 


UtiHwition  of  land 

Privately 
owned 
lands' 

Village 
property 

Schools, 
churches, 

monas- 
taries,  etc. 

State 
and  county 

Banks 

Total 

Plowlands                        

Acres 

8,780,836 

962, 373 

253,606 

232,493 

55,241 

19,346 

1,064,063 

62,976 

Acres 

18, 575 

4,487 

1,822,386 

45 

844 

Acres 

51,297 

14, 930 

81,607 

1,002 

2,012 

9 

203,771 

1,416 

Acres 

20,329 

1,679 

93,297 

296 

289 

2 

1,594,154 

172, 375 

Acres 

58,002 

3,479 

5,327 

878 

215 

71 

3,385 

267 

Acres 
8,929,039 

986,948 

2,256,223 

Vlnsyards                        

234,  714 

58,601 

19,428 

Forests                                        

4,118,659 
8,618 

7,004,032 

Other  lands    

235,652 

Total 

11, 440, 934 

5,973,614 

356,044 

1,882,421 

71,624 

» 19, 724, 637 

1  Privately  owned  lands  also  include  10,616  acres  of  various  lands  belonging  to  different  societies,  etc. 
>  In  addition  there  were  4,082,336  acres  not  classified. 

In  1921  the  land  in  Bulgaria  was,  for  the  most  part,  already  in  the 
hands  of  the  peasants.  Large  estates  were  rare,  consequently  a  land 
reform  accompanied  by  a  redistribution  of  the  few  large  holdings 
that  did  exist  could  be  expected  to  have  but  relatively  little  effect 
upon  the  agriculture  of  the  country. 

THE  LAND  REFORM 

The  recent  land  reform  in  Bulgaria  was  effected  through  the  law 
gf  May  9,  1921,  and  was  modified  by  the  law  of  December  20,  1922,^ 
which  provided  that  no  family  could  own  more  land  than  it  could 
work  by  itself.  The  average  limit  of  the  holding  of  plowland  was  fixed 
at  30  hectares  (74.1  acres)  provided  the  holding  was  worked  by  the 
proprietor  himself  and  his  family.  Invalids  of  war  and  orphan 
minors  who  could  not  work  the  land  themselves  were  allowed  10 
hectares  (24.7)  acres  each. 

According  to  the  purposes  declared  in  the  law  of  July,  1924,  the 
final  amount  of  land  expropriated  for  the  use  of  poor  peasants 
amounted  to  568,330  acres,  as  indicated  in  Table  57. 

Table  67. — Expropriation  of  land  in  Bulgaria  (7,  p.  102) 


k 


Class  of  land 


Land 
expropri- 
ated prior 
Dec.  31, 
1923 


Land 
allotted  for 
expropri- 
ation by 
provisions 
of  law  of 
July  21, 
1924  > 


State  lands 

Communes 

Monasteries 

Agricultural  banks 

Privately  owned  lands 

Land  in  litigation  between  communes  and  individuals. 
Other  lands 


Acres 
» 2a  740 
50,043 
5,924 


119,553 
2,521 
2,081 


Acres 

370,650 

61,775 

7,413 

2  471 

123,550 

2,471 


Total. 


201, 762 


668,330 


•  Original  law  was  effected  May  9, 1921;  modifications  oocurred  in  December,  1922,  and  July,  1934. 

*  Includes  263  acres  of  forests. 

<•  Later  modified  by  the  act  of  July,  1924. 
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Actual  transfers  of  land  have  proceeded  slowly.  The  latest  avail- 
able data  are  of  December  31,  1923.  Up  to  that  time,  only  201,762 
acres  had  been  turned  over  to  needy  peasants. 

Compared  with  the  land  reform  in  greater  Kumania,  involving 
a  change  in  ownership  of  14,798,000  acres,  the  changes  in  land  tenure 
in  Bulgaria  are  not  of  far-reaching  significance. 

It  will  be  noted  from  Table  56,  that  the  State  possessed  only  20,329 
acres  of  plowlands  in  1908,  whereas  according  to  the  reports  made  in 
1923  (Table  57)  the  area  of  State  lands  not  in  forests  that  had  been 
expropriated  totaled  20,477  acres.  The  communes  were  dispossessed 
of  61,775  acres  by  the  provisions  of  the  law.  At  the  end  of  1923 
transfers  of  these  lands  to  the  peasants  equaled  50,043  acres.  By 
the  end  of  1923  there  remained  only  about  4,000  acres  of  privately 
owned  lands,  1,500  acres  of  monastery  lands,  and  2,500  acres  of  bank 
lands,  or  8,000  acres  in  all  of  the  unexpropriated  lands  that  might 
consist  of  plowlands. 

The  remaining  349,910  acres  of  State  lands,  and  11,732  acres  of 
commune  lands  yet  to  be  expropriated,  probably  consisted  for  the  most 
part  of  forest  and  pasture  lands. 

It  is  probable  that  the  full  effect  of  the  land  reform  in  Bulgaria  had 
been  realized  by  1925.  As  far  as  is  observable  from  published  data, 
the  land  reform  does  not  appear  to  have  been  associated  with  any 
material  changes  in  the  Bulgarian  agricultural  system  or  in  the  general 
organization  of  Bulgarian  farms. 

FARM  ORGANIZATION  , 

By  far  the  greater  portion  of  Bulgarian  farmers  live  in  villages  or 
hamlets,  the  most  common  size  of  which  ranges  between  501  and  750 
inhabitants  or  90  to  130  households.  Each  community  has  a  pasture 
plot  held  in  common,  comprising  lands  which  are  usually  too  poor  to 
be  tilled  or  rough  land  broken  by  guUies,  in  the  vicinity  of  the  village. 
The  cultivated  fields  of  the  peasant  famihes  surround  the  village  and 
central  pasture  lands.  Individual  households  possess  different  acre- 
ages of  land  just  as  in  other  coim tries.  The  unit  plots  of  land  com- 
prising a  holding  are  usually  too  small  to  be  called  a  "field"  in  the 
American  sense  of  the  term  and  are  seldom  if  ever  consoHdated  into 
a  single  holding,  but  are  scattered  at  varjdng  distances  and  in  various 
directions  from  the  village.  Only  on  the  large  estates  were  land  units 
large  enough  to  be  cultivated  with  modern    agricultural  implements. 

There  were  429,565  households  that  did  all  the  work  on  their  own 
land  in  1905  as  contrasted  with  160  large  landowners  and  485  large 
farmers  who  employed  most  of  their  labor.  According  to  data 
assembled  in  1908  the  average  size  of  the  fields  of  a  large  landowner 
ranged  around  4.08  hectares,  or  about  10  acres.  The  average  size  of 
a  field  of  a  middle-class  landowner  was  2.52  hectares,  or  6.2  acres, 
whereas  various  groups  of  the  small  landowners  possessed  fields  aver- 
aging from  3.6  acres  down  to  0.3  acre  in  each  respective  group. 

AGRICULTURAL  MACHINERY 

It  has  been  practically  impossible  to  employ  modem  machinery  in 
Bulgaria  except  on  the  fields  of  the  large  landowners,  consequently  the 
numbers  of  such  machines  have  been  limited.    Thus  in  1910  there 
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were  for  each  1 ,000  farms  or  land  holdings  the  following  equipment  as 
given  in  La  Bulgarie  Economique,  1879-1911,  {25,  p.  156): 

Farm  equipment  in  Bulgaria  for  each  1,000  land  holdings: 

Carts,  wagons,  etc 849 

Plows..., <»  231 

Seeding  machines 2 

Harvesting  machines 14 

Threshers 2 

Rakes  and  farming  machines 134 

All  other  machines 25 

A  laree  amount  of  farm  work  in  Bulgaria  is  done  by  hand  spading 
^tte  land,  broadcasting  the  seed,  cutting  the  grain  with  a  sickle,  and 
beating  out  the  kernels  with  a  hand  device  or  with  animals,  according 
to  the  ancient  system  described  in  the  Bible. 

The  Americans  were  pioneers  in  introducing  modern  agricultural 
machinery  into.  Bulgaria  through  their  agencies  established  in  Varna. 
The  people,  particularly  those  m  north  Bulgaria,  still  hold  American- 
made  implements  in  high  esteem.  But  the  necessity  of  disposing  of 
Bulgaria's  large  reserves  of  tobacco  has  led  to  negotiating  the  sale 
of  tobacco  to  Czechoslovakia,  and  in  return  the  Agricultural  Bank  of 
Bulgaria,  in  1927,  purchased  agricultural  machines  and  implements 
from  Czechoslovakia  to  the  value  of  35,000,000  leva  ($252,000). 

According  to  the  data  in  Table  58  the  principal  purchases  of  farm 
machinery  during  1921-1925  coiisisted  of  plows  followed  by  threshing 
machines. 

Table  58. — Agricultural  machinery:  Value  of  imports,  average  1921-1925 


Item 

Value 

Plows,  all  sorts 

Leva 
23,920,000 
22,620,000 
13, 420, 000 
12, 920, 000 
9,  620,  000 
6,  980,  000 
1,940,000 

DoUar$  i 
181, 792 

Threshing  machines 

171,912 

Pulls,  hay  balers,  etc 

101, 992 

Scythes,  sickles,  hoes,  forks,  rakes,  etc 

98,192 

Tractors .... 

73,112 
63,048 

Winnowers,  screeners,  etc 

Reapers,  mowers,  hay  rakes 

14,744 

Total 

91,420,000 

694,792 

Averaged  from  total  5  years  given  in  excerpt  from  Annual  Report  upon  Commerce  and  Industries  for 
1926,  from  Consul  Stuart  Lupton,  Soflja,  Bulgaria,  Mar.  24,  1927. 
1  Average  value  of  the  lev  during  1921-1925  was  about  0.76  cent. 

There  is  little  prospect  of  any  considerable  extension  in  the  use  of 
agricultural  machinery  or  of  a  radical  change  in  the  present  system  of 
agriculture  in  Bulgaria  unless  the  holdings  of  the  peasants  are  con- 
solidated into  fields  of  larger  size.  It  is,  moreover,  necessary  to 
obtain  the  consent  of  a  large  percentage  of  the  villagers  before  steps 
toward  consolidation  can  be  taken.  Many  of  the  peasants  are  passion- 
ately attached  to  their  particular  plots  of  land.  Although  it  is  desir- 
able to  have  larger  unit  fields,  the  difficulties  in  the  way  of  accom- 
plishing the  consolidation  of  each  peasant's  scattered  parcels  of  land 
are  almost  insurmountable. 

The  Bulgarians  are  an  intelligent  and  energetic  race  who  work 
hard.    The  men  rather  than  the  women,  as  is  the  case  in  some  countries 

"  These  are  probably  plows  with  iron  shares.  In  1920  the  number  of  plows  of  modem  t3rpe  was  placed 
at  2;}7,0O0.  In  addition  there  were  449,000  oralas— that  is,  plows  of  the  primitive  wooden  type  with  a 
V-shaped  piece  of  iron  at  the  tip. 
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of  eastern  Europe,  do  the  heavy  field  work.  The  size  of  the  farm  is 
so  small  that  most  households  are  organized  on  very  frugal  lines  and 
family  life  is  reduced  to  simplest  proportions.  Almost  every  farm 
family  has  a  few  sheep  and  pigs;  most  have  a  cow  or  two,  and  the 
more  well-to-do  have  a  horse.  Practically  everything  that  is  foimd 
in  the  house,  including  clothing  and  furniture,  is  made  at  home  or 
in  the  neighborhood. 

The  Bulgars,  unlike  the  Rumanians  and  the  Serbians,  did  not 
submit  to  the  regime  of  a  corn-meal  ^^  diet  imposed  by  the  Turks 
upon  most  of  the  peoples  they  reduced  to  serfdom.  Instead  they 
retained  their  wheat-and-rye-eating  customs,  developed  in  south- 
eastern Russia  before  their  migration  from  the  steppes  of  Russia. 
As  a  result,  the  Bulgarian  peasant  produces  wheat  and  rye  for  his 
own  consumption.  His  basic  articles  of  diet  are  wheat  or  rye  bread 
and  milk  from  cows,  water  buffaloes,  sheep  or  goats  that  has  been 
soured  by  a  special  process.  The  quantity  of  wheat  and  rye  con- 
sumed as  food  in  Bulgaria  is  equivalent  to  the  total  cereal  diet  of 
about  70.1  per  cent  of  the  population.  The  com  consumed  as  human 
food  is  equivalent  to  the  total  cereal  diet  of  27.1  per  cent  of  the 
population  and  the  remaining  2.8  per  cent  represents  the  total  con- 
sumption of  barley  and  oats  as  human  food.*^  This  is  just  the 
reverse  of  conditions  in  Rumania,  in  which  country  the  com  con- 
sumed is  equivalent  to  the  total  cereal  diet  of  77.9  per  cent  of  the 
population,  whereas  the  quantity  of  wheat  and  rye  consumed  is 
equivalent  to  the  cereal  diet  of  22.1  per  cent  of  the  population. 

In  Bulgaria  the  peasants  are  in  the  habit  of  seeding  a  certain  pro- 
portion of  their  land  to  wheat  and  rye  for  their  own  food  supply, 
consequently  the  export  of  wheat  and  rye  consists  largely  of  the 
surplus  which  exists  after  the  food  and  seed  requirements  have  been 
provided.  The  Rumanian  peasants,  on  the  other  hand,  seed  a  cer- 
tain proportion  of  their  lands  to  corn  for  food,  whereas  the  seeding 
of  wheat  is  of  secondary  consideration,  depending  upon  the  need  of 
cash  for  taxes  and  the  need  for  obtaining  the  bare  necessities  inci- 
dental to  their  primitive  existence. 

Most  Bulgarian  farms  are  so  small  that  they  are  barely  self-sup- 
porting. If  there  are  any  marketable  surpluses,  they  consist  of  a  few 
eggs,  a  little  cheese  or  wool,  a  few  chickens,  a  pig  or  two,  and  an 
occasional  larger  animal.  The  larger  farms  market  cereals  in  addi- 
tion to  animal  products.  The  cereal  surplus  ranges  from  1  to 
perhaps  10  sacks  of  grain.  Formerly  a  few  of  the  rich  peasants 
produced  considerable  surpluses  of  wheat  or  corn,  but  since  the 
land  reform  this  type  of  farmer  has  disappeared  and  grain  is  now 
marketed  only  in  small  lots.  Surplus  grain  is  sold  in  a  near-by 
market  town  to  a  small  buyer  who  has  no  grain-handling  equipment 
except  a  shed  with  a  clay  floor,  a  wooden  shovel  or  two,  a  large  hand 
sieve  with  which  to  sift  out  dirt,  and  brooms.  Only  wealthy  mer- 
chants have  so  modern  a  machine  as  a  hand-power  fanning  mill. 

«  Corn  is  commonly  known  as  Turkish  grain  in  the  Balkans  except  in  Bulgaria,  where  it  is  called 
"  tzarevitza  "  (the  tzar  of  grains). 

«  The  food  ration  of  the  Bulgarians  varies  greatly  in  ditferent  parts  of  the  country.  The  late  chief  of  the 
Bulgarian  statistical  service,  Kiril  Popoff,  has  made  a  special  study  of  the  food  consumption  in  Bulgaria, 
which  shows,  for  example,  that  in  Samokov  90  per  cent  of  the  population  eat  only  rye,  5  per  cent  eat  wheat 
and  rye,  and  5  per  cent  eat  wheat  and  corn.  In  Kazanlik  the  cereal  consumption  is  45  per  cent  wheat, 
25  per  cent  corn,  25  per  cent  rye,  and  5  per  cent  barley.  In  northwest  Bulgaria,  where  the  population  is 
largely  of  Wallachian  origin,  in  the  district  of  Lom  the  cereal  consumption  is  70  per  cent  corn,  10  per  cent 
wheat,  and  20  per  cent  mixed  corn  and  wheat.  Doctor  Popofi  has  in  this  way  worked  out  the  cereal  ratio 
for  each  Province  in  the  Kingdom. 
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The  small  buyer  purchases  a  sack  or  two  from  this  peasant  and  a 
few  sacks  from  that  peasant  until  he  has  accumulated  10  metric 
tons,  or  one  carload.'"  This  he  hauls,  in  sacks,  to  the  nearest  rail- 
way station,  where  it  is  officially  sampled  and  turned  over  to  the 
Government  transportation  agent.  The  grain  is  sold  upon  the  basis 
of  this  sample  and  is  finally  consigned  to  a  port  or  milling  center. 
There  are  no  elevators  either  in  the  country  or  at  the  ports.  All 
grain  is  handled  in  sacks  and  by  hand. 


PRE-WAR  CEREAL  EXPORTS 

During  the  25-year  period  before  the  World  War  there  had  been 
a  tendency  toward  a  decrease  in  the  exportation  of  wheat,  barley, 
and  oats  from  the  old  Kingdom  of  Bulgaria  and  a  definite  increase 
in  the  com  and  rye  exports,  as  indicated  in  Table  59. 

Table  69. — Cereals:  Exports  from  Bulgaria,  averages  for  specified  periods,  1886- 

1910  {25,  p.  177) 


[In  thousand  bushels— i.  e.,  000  omitted] 

Cereal 

Average 

1886-1895 

1896-1905 

1906-1910 

Bread  cereals: 

Wheat - 

10,801 
1,618 

11,008 
1,374 

8,224 

Rye ,        -                                -          -         - 

1,656 

Total 

12, 419 

12,382 

9,880 

Barley 

1,169 

363 

4,253 

22 

2,245 

1,276 

5,681 

179 

1,975 

Oats 

1,165 

Corn 

6,019 
182 

Millet ._.. 

This  decrease  in  the  exportable  surplus  of  wheat  had  been  accom- 
panied, at  least  during  the  latter  part  of  the  period,  by  an  increase 
m  the  area  seeded  to  wheat,  thus  indicating  a  trend  toward  increased 
wheat  consumption  within  Bulgaria  itself. 

Under  normal  conditions  the  export  wheat  originates  in  a  well- 
defined  region  along  the  banks  of  the  Danube  River,  on  the  plains 
and  valleys  near  the  port  of  Varna  in  north  Bulgaria,  as  well  as  on 
the  Black  Sea  plain  near  the  port  of  Burgas  in  south  Bulgaria.  In 
other  parts  of  the  Kingdom  the  areas  of  surplus  and  of  deficit  are 
rather  evenly  balanced.  Any  surplus  in  one  district  is  as  a  rule 
absorbed  by  a  neighboring  deficit  district.  Wheat  and  rye  are  pro- 
duced, to  some  extent,  in  every  part  of  Bulgaria,  but  the  mountain- 
ous country  in  the  center  and  southwest  of  the  Kingdom  are  deficit 
areas.  In  the  mountain  districts  the  population  engages  chiefly  in 
fridt  growing,  wine  making,  sheep  and  cattle  raising,  in  the  liunber 
industry,  in  mining,  and  to  a  very  minor  extent  in  manufacturing. 

Sofija,  the  capital  city,  has  a  population  of  154,000  and  is  located 
in  a  valley,  which  produces  a  surplus  of  agricidtural  products  slightly 
above  the  needs  of  the  rural  popidation,  but  not  enough  to  fully 
supply  the  city  itself.     The  capital  is  provisioned  by  shipments  of 

*^  1  carload  equals  22,046  pounds. 
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cereals,  animals  for  slaughter,  and  other  products  from  the  north 
and  east. 

In  La  Bulgarie  Economique,  Popoff  (25)  gives  the  average  exporta- 
tion of  cereals  from  each  of  the  geographical  regions  in  Bulgaria  during 
the  period  1897-1910.     (Table  60.) 

Table    60. — Cereals:  Exports  from   Bulgaria   by   geographical   regions,    average, 

1897-1910  {25,  p.  178) 


[Inthousand  bushels— i.  e. 

000  omitted] 

Cereal 

North 

North- 
west 1 

South- 
west 

South 

Wheat       

6,011 
1,004 
1,323 
816 
3,788 

1,668 

344 

626 

32 

1,836 

25 

\ 

3,791 

Rye                                                           

284 

Barley 

259 

Oats                             

383 

Com                                                                                      

485 

1  Now  included  in  north  Bulgaria. 

The  chief  surplus-producing  district  since  the  World  War  is  the 
district  of  north  Bulgaria,  which,  together  with  the  former  district 
of  the  northwest,  lies  along  the  Danube  River  opposite  the  chief 
surplus-producing  district  in  Rumania.  Some  of  the  surplus  grain 
of  this  district  is  shipped  by  rail  south  to  the  mountain  counties  and 
to  Sofija  and  other  cities.  The  export  grain  is  sacked  and  shipped  on 
barges  either  up  the  Danube  to  central  Europe  or  down  the  river  to 
Russe,  thence  usually  by  rail  to  the  Black  Sea  port  of  Varna.  Some 
grain  continues  down  the  river  to  Galati  or  Braila  in  Rumania 
whence  it  goes  by  steamer  to  western  Europe. 

In  recent  years  the  southern  Black  Sea  port  of  Burgas  has  been 
growing  at  the  expense  of  Varna  in  the  north,  which,  having  lost  the 
possibility  of  handling  the  surplus  grain  formerly  produced  in  the 
territories  ceded  to  Rumania,  is  losing  its  significance  as  an  export 
center. 

A  project  to  equip  Bulgaria  with  a  system  of  elevators  for  handUng 
its  entire  grain  trade  has  been  discussed,  but  no  practical  develop- 
ment has  resulted. 

The  decrease  in  cereal  acreage  (that  is,  the  loss  of  lands  that  were 
normally  devoted  to  cereals)  and  the  consequent  loss  to  Bulgarian 
foreign  trade  of  the  large  exportable  surpluses  of  cereals  that  were 
formerly  available  from  these  lands,  placed  the  country  m  an  even 
more  precarious  position,  as  regards  balancing  international  trade, 
than  was  the  case  before  the  World  War.  Even  before  the  World 
War,  since  1907,^^  Bulgaria  had  had  an  adverse  trade  balance  that 
had  to  be  compensated  for  by  the  negotiation  of  foreign  loans.  It 
was  only  by  this  means  that  the  exchange  value  of  the  lev  could  be 
maintained  at  par.  Immediately  following  the  World  War,  it  was 
impossible  for  Bulgaria  to  obtain  a  foreign  loan  so  that,  when  sur- 
pluses of  cereals  for  export  aid  not  materialize  and  importations  of 
necessities  built  up  an  unfavorable  trade  balance,  the  affairs  of  the 
country  were  thrown  into  confusion  and  the  lev  depreciated  in  value. 

Internal  conditions  were  such  that  the  direct  taxation  of  the 
peasants  had  been  reduced   to   almost  negligible  proportions.     In 

"  Importation  of  war  materials  was  largely  responsible  for  this  adverse  trade  balance. 
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the  hope  of  realizing  an  income  from  the  exportation  of  cereals,  which 
had  constituted  the  chief  source  of  the  coim try's  revenue  before  the 
World  War,  the  Government  estabUshed  a  State  grain-exporting 
monopoly.  The  low  price  that  the  monopoly  paid  for  grain  had  a 
depressing  effect  upon  agricultural  acreages  and  there  was  a  tendency, 
on  the  part  of  peasants,  to  withhold  from  the  market  much  of  the 
grain  that  was  produced. 

The  interalUed  conmiission  arrived  in  Sofija  in  February,  1921,  to 
supervise  the  administration  of  the  country,  in  order  to  msure  the 
payment  of  reparations.  One  of  the  first  acts  of  the  commission  was 
to  abolish  the  grain-export  monopoly.  This  was  followed  by  the 
imposition  of  export  duties.  Although  the  export  duties  that  had 
been  placed  upon  cereals  and  other  products  were  heavy,  export 
continued,  ana  by  the  end  of  1922  the  international  trade  balance 
was  favorable  to  Bulgaria  for  the  first  time  since  1907  (except  the 
abnormal  World  War  years  1915-1917). 

When  the  total  values  of  commodities  exported  in  1922  are  com- 
pared with  those  exported  in  1912  (Table  61),  it  is  found  that  a  marked 
change  is  to  be  noted  in  the  position  of  relative  importance  that  they 
occupy. 

Table  61. — Value  of  principal  exports  from  Bulgaria  during  1912  compared  with 
1922  and  1925  {8,  Ann.  4,  p.  240;  17,  p.  269) 

[In  thousands— i.  e.,  000  omitted] 


Item 

19121 

Item 

1922* 

Item 

1925 » 

Wheat 

Leva 
44,698 

39,884 
14,261 
11,621 
9,135 
7,398 
3,668 
3,176 
2,642 
2,172 
1,951 
1,638 
1.431 

1,420 

DoUan 
8,627 

7,698 

2,752 

2,243 

1,763 

1,428 

708 

613 

510 

419 

377 

316 

276 

274 

Tobacco    (un- 
manufac- 
tured). 

Wheat 

Leva 
1,168,870 

865,887 
483,396 
327,080 
199,534 
181, 867 
172,364 
115,208 
97,  577 
91,978 
72,614 
63,112 
9,706 

136 

Dollars 
8,065 

5,906 

3,335 

2,257 

1,377 

1,255 

1,189 

795 

673 

635 

501 

436 

67 

1 

Tobacco  (un- 
manufac- 
tured). 

Eggs 

Leva 
2,239,023 

738,439 
638,901 
356,906 
279, 910 
223,280 
209,567 
105, 443 
88,732 
70,443 
38,832 
22,963 
6,767 

4,166 

DoUara 
16,383 

6,403 
4,675 
2,611 

Com... 

Eggs 

Eggs 

Corn... 

Rose  oil 

Corn- 

Livestock 

Wheat 

Wheat  flour... 

Cocoons 

Barley.- 

Rose  oil 

Haricots 

Hay  and  feed. 
Colza 

Wheat  flour.... 
Rye 

Wheat  flour..-. 

Haricots. 

Barley 

2,048 

1,634 

1,633 

772 

Livestock 

Colza 

Cocoons 

Livestock- 

Cheese 

Barley 

649 

Cheese 

515 

Hay  and  feed.. 

Rye 

284 

Haricots 

Rose  oil 

Hay  and  feed. - 

Colza 

168 

Tobacco    (un- 
manufac- 
^tured). 
Cocoons 

Cheese 

Rye 

49 
30 

» Value  of  the  lev  at  par,  19.3  cents. 

>  Average  yearly  value  of  the  lev,  1922,  0.69  cent. 

*  Average  yearly  value  of  the  lev,  1926,  0.7317  cent. 

SHIFT  FROM  WHEAT  TO  TOBACCO  EXPORT 

In  1912  wheat  was  the  article  of  greatest  value  to  the  export  trade 
of  Bulgaria,  whereas  tobacco  was  relatively  unimportant.  In  1922 
the  value  of  the  tobacco  exported  superseded  tnat  of  wheat,  and 
tobacco  has  continued  to  be  the  article  of  highest  export  value  up  to 
the  time  of  writing  this  bulletin. 

Bulgaria  succeeded  in  balancing  the  national  budget  for  the  first 
time  smce  1916  during  the  financial  year  1924-25.  Tnis  was  effected 
only  hj  the  practice  of  strictest  economies.  Among  other  means  of 
restricting  expenditures  for  public  works  a  system  of  conscript  pubUc 
labor  was  put  into  force,  by  which  each  male  citizen  was  obliged  to 
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contribute  his  services  free  to  the  State  for  a  certain  period.  Much 
needed  improvements  in  roads,  bridges,  and  buildings  have  been  made 
by  this  means  and  new  construction  has  been  undertaken. 

Nevertheless,  in  spite  of  prohibitions  against  the  importation  of  any 
articles  except  those  of  strictest  utility,  the  balance  of  trade,  which 
had  been  favorable  to  Bulgaria  in  1922  and  1923,  became  unfavorable 
in  both  the  years  1924  and  1925.  This  resulted  in  further  depressing 
the  already  unfavorable  situation. 

AGRICULTURE  THE  MOST  IMPORTANT  INDUSTRY 

There  are  deposits  of  coal  and  other  minerals  as  well  as  extensive 
forests  in  Bulgaria,  but  these  have  not  been  exploited  to  any  great 
extent.  The  industries  of  the  country  are  for  the  most  part  directly 
dependent  upon  agriculture  and  animal  industry  for  their  raw  ma- 
terials. For  these  reasons,  field-crop  production  and  livestock  pro- 
duction are  the  mainsprings  of  Bulgarian  economic  life.  The  phys- 
ical adaptability  of  the  country  to  the  pursuit  of  agriculture  is  thus 
of  first  importance.     (Table  62.) 


Table  62. — Value  of  industrial  production  in  Bulgaria,  1909  and  1921  (8 

pp.  169-171) 

Ann.  17  J 

Industry 

1909 

1921 

Agricultural: 

Flour  milling,  sugar,  brewing,  distilling,  etc 

Textiles                                                 -         -    

Leva 

40,480,644 

17, 445,  262 

4,  638,  689 

Dollars  i 
7,812,764 
3,  366,  935 
875,  967 

Lera'i 
65,873,789 
12, 663,  866 

3,  677,  091 

Dollars  i 
12, 713, 641 
2, 444, 126 

Tanning,  etc 

709, 679 



Total 

62, 464,  595 

12, 055, 666 

82,  214,  746 

15,867,446 

Semiagricultural: 

Chemicals,  soap,  rose  oil,  etc 

2, 463, 428 

475,442 

3, 142,  527 

606,508 

Nonagricultural: 

1, 406, 108 
2, 146,  624 
1,  792,  062 
2, 698,  962 
460,941 
928, 139 

271, 379 
414,  298 
345,868 
520,900 
88,962 
179, 131 

2,  713, 499 
2,  744,  605 
3, 900, 830 
1,  823,  209 
728,  951 
79,043 

523,706 

Metallurgy 

529,  708 

Ceramics 

752, 860 

Forestrj'^ 

351, 879 

Paper .-. 

140, 688 

Electrical  energy  production ...  . . 

15,  255 

Total 

9,432,836 

1,  820,  538 

11,990,137 

2, 314, 096 

Grand  total—  - 

74, 360,  859 

14, 351,  646 

97,  347,  410 

18, 788, 050 

1  Value  of  the  lev  at  par,  19.3  cents. 


2  Gold  leva. 


MILITARY  AGRONOMS 

During  the  war  the  agriculture  of  Bulgaria  was  placed  under  the 
direction  of  so-called  ''mihtary  agronoms,"  whose  duties  consisted  in 
mobiUzing  every  resource  of  man  and  animal  power  and  machinery, 
in  order  to  maintain  food  production  at  the  highest  possible  level.  In 
most  other  countries  the  agriculture  was  demoralized  by  calling  too 
large  a  proportion  of  the  man  power  into  military  service.  In  Bul- 
garia men  were  called  from  the  military  camps  to  perform  the  nec- 
essary work  of  plowing,  seeding,  and  harvesting.  This  sustained 
eifort  in  Bulgaria,  to  maintain  the  food  supply  at  a  level  of 
national  self-sufficiency,  resulted  in  a  stabilization  of  agricultural 
production  in  those  portions  of  the  country  not  affected  by  territorial 
changes.  Even  when  the  statistics  pertaining  to  agricultural  areas 
and  production  in  the  newly  acquired  territories  are  included  with 
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those  of  residual  Bulgaria,  no  such  radical  differences  between  pre- 
war and  postwar  condition  of  cereals  are  found  as  was  the  case  in 
Rumania,  Austria,  or  many  other  succession  States. 

FERTILIZERS 

There  is  no  record  of  the  sale  or  use  of  commercial  fertilizers  in 
Bulgaria.  The  Bulgarians  utilize  the  natural  manure  obtained  from 
their  animal  industry.  In  1910  the  value  placed  upon  animal  manure 
was  nearly  $5,000,000.     (See  Table  81  for  details.) 

BULGARIAN  REFUGEES 

During  the  almost  continuous  fighting,  from  the  outbreak  of 
the  Balkan  War  in  1912  to  the  end  of  the  World  War  m  1918,  and 
throughout  the  postwar  period  until  1925,  a  total  of  221,191  refugees 
have  arrived  and  remained  within  the  frontiers  of  Bulgaria.  These 
refugees  include  Bulgarians  and  Armenians  from  Turkish  territories 
and  Russians  expatriated  during  the  Bolshevik  regime.  About  36 
per  cent  of  these  refugees  were  believed,  in  1925,  to  be  entirely  desti- 
tute and  20  per  cent  had  means  of  subsistence  for  only  a  few  months, 
17  per  cent  had  acquired  a  house,  and  27  per  cent  had  a  house  and 
some  implements.  The  economic  disposition  of  these  refugees  was 
too  great  a  problem  for  the  Bulgarian  Government  to  settle  with  its 
own  resources  and  on  May  3,  1925,  formal  application  was  made  to 
the  League  of  Nations  for  assistance. 

It  was  estimated  that  50,000  leva'*^  ($366)  were  required  to  cover 
the  provision  of  a  house,  an  ox  or  a  cow,  one-half  use  of  a  plow  and 
a  cart,  and  one-fourth  use  of  a  harrow,  minor  implements,  seed,  and 
subsistence  for  eight  or  nine  months.  It  was  the  plan  of  the  Govern- 
ment to  settle  30,180  families  on  the  land  and  5,000  famihes  in  town. 
The  standard  allowance  of  farm  land  is  5  hectares  (12.3  acres)  per 
family.  However,  10  per  cent  of  the  families  will  be  settled  in  the 
regions  of  intensive  farming  (vineyards,  tobacco,  orchards,  silk- 
worms, etc.)  where  only  half  that  acreage  will  be  required.  The 
total  land  required  has  been  estimated  at  326,172  acres  of  which 
88,956  acres  must  be  deforested  and  98,840  acres  must  be  drained. 

This  project,  when  completed,  will  put  60,000  heads  of  families 
into  productive  employment. 

COOPERATIVE  ORGANIZATIONS 

There  were  310  cooperative  organizations  reported  to  have  been 
affiUated  with  the  Central  Cooperative  Bank  of  Bulgaria  in  1925. 
Of  this  number,  11  were  agricultural,  88  engaged  in  production, 
73  handled  products  of  consumption,  7  were  for  purchase  and  sale, 
3  were  unions  of  various  cooperative  organizations,  15  were  not 
classified,  and  113  were  cooperative  banks. 

One  of  the  best-organized  group  of  cooperatives  is  the  Central 
Union  of  the  Cooperative  Societies  of  Tobacco  Planters,  chartered 
in  1925.  There  are  29  cooperative  societies  comprising  the  union 
with  a  total  membership  of  about  24,000  and  a  combined  capital  of 
3,000,000  leva^^  or  $21,951. 

«•  The  average  value  of  the  lev  in  1925  was  equivalent  to  0.7317  cent, 
<'  See  footnote  46. 
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COMMUNICATIONS 

The  first  line  of  railroad,  about  129  miles  in  length,  was  built  from 
Russe  on  the  Danube  to  Varna  on  the  Black  Sea  in  1868.  The 
Bulgarian  section  of  Vienna-Constantinople  Railway  through  Sofija 
was  built  between  1873  and  1888.  In  1890  the  port  of  Burgas  was 
connected  with  Sofija  by  way  of  Jambol  and  nine  years  later  Varna 
was  connected  with  Sofija  by  a  railway  through  north  Bulgaria  to 
Shumen.  In  1912,  north  and  south  Bulgaria  were  united  by  a  rail- 
way from  Gorna-Orjechovica  to  Stara  Zagora.  In  all  there  were  1,730 
miles  of  standard  and  narrow  gauge  railways  in  operation  in  Bulgaria 
in  1927  or  4.3  miles  for  each  100  square  miles  of  area  and  there  were 
627  miles  of  railways  under  construction. 

At  the  end  of  1925  there  were  4,397  miles  of  State  roads  with  538 
miles  imder  construction.  There  were  3,483  miles  of  country  roads 
with  3,035  miles  under  construction.  Total  of  wagon  roads  was 
7,880  miles  or  19.8  miles  per  100  square  miles  of  area. 

The  Danube  River  flowing  along  the  northern  frontier  of  Bul- 
garia offers  cheap  water  transportation  through  nine  river  ports, 
the  chief  of  which  are  Lom,  Vidin,  and  Russe.  The  capacity  of  these 
ports  is  limited  and  their  equipment  primitive.  The  major  part  of 
the  Bulgarian  shipments  of  grain,  via  the  Danube,  are  transferred  to 
rail  at  Russe  for  export  through  the  port  of  Varna,  although  some 
grain  continues  down  the  river  to  Braila,  in  Rumania,  for  reexport  to 
western  Europe. 

There  are  eight  ports  on  the  Black  Sea  of  which  only  Varna  and 
Burgas  are  important.  Burgas  is  gradually  becoming  the  major  port 
of  Bulgaria. 

RELATIVE  STATUS  OF  FIELD  CROPS  AND  LIVESTOCKS 

The  latest  official  census  of  Hvestock  was  taken  in  1920.  At  this 
time  the  numbers  of  horses  were  398,000  or  93.6  per  cent  of  the  pre- 
war estimated  number.  In  similar  comparison,  cattle  were  111.9 
per  cent,  sheep  104  per  cent,  and  swine  199.6  per  cent. 

On  the  other  hand,  by  1921  the  acreage  of  wheat  had  regained 
93.6  per  cent  of  its  1909-1912  average,  rye  84.9  per  cent,  barley 
102.5  per  cent,  oats  79.4  per  cent,  corn  95.1  per  cent,  potatoes  181.8 
per  cent,  and  sugar  beets  83.3  per  cent. 

These  data  indicate  that  during  the  World  War  and  the  succeeding 
years  up  to  1921,  at  least,  there  was  a  tendency  among  Bulgarian 
peasants  to  maintain  livestock  more  nearly  at  the  pre-war  level  than 
was  the  case  with  reference  to  field  crops. 

CEREALS 

If  unproductive  land,  forests,  and  fallow  land  be  deducted  from 
the  total  area  of  Bulgaria  (present  boundary),  and  the  percentage  of 
the  productive  land  under  each  crop  is  determined,  it  will  be  found 
that  in  1924  two  groups  of  farm  crops  are  thrown  into  sharp  relief. 
Cereals  occupied  55.6  per  cent  of  the  productive  land  in  that  year 
(Table  53),  forage  plants,  including  natural  grasses  36.7  per  cent, 
and  all  other  crops  occupied  7.7  per  cent. 

Similarly,  the  pre-war  situation  in  the  old  Kingdom  of  Bulgaria 
was:  Cereals  59.7  per  cent,  grass  and  forage  34.6  per  cent,  and  other 
crops  5.7  per  cent. 
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Changes  in  territory  and  in  the  economic  situation  resulted  in  a 
somewhat  smaller  percentage  of  the  land  under  cereals,  and  more 
land  under  grass  and  other  crops,  in  the  present  Kingdom  of  Bulgaria, 
in  1924,  than  in  the  old  Kingdom  before  the  Balkan  War  (1912). 

Considering  the  five  chief  cereals  alone,  there  were,  before  the 
Balkan  War,  an  average  of  5,886,000  acres  under  wheat,  rye,  barley, 
oats,  and  corn,  in  the  old  Kingdom,  as  contrasted  with  5,357,000 
acres  in  the  territories  now  comprising  the  present  Kingdom  of 
Bulgaria.  In  1921  the  cereal  aqreage  had  decreased  to  4,975,000 
acres;  but  there  has  been  a  steady,  yearly  increase  until,  by  1926, 
not  only  had  the  area  under  the  five  chief  cereals  recovered  its  former 
acreage  but  was  25,000  acres  above  the  estimated  pre-war  average. 
(Table  63.) 

Table  63. — Cereals,  potatoes  and  sugar  beets:  Area  seeded  in  Bulgaria,  present 
boundaries,  average  1909-1912,  1921-1925,  and  annual,  1921-1926 


Five  chief  cereals 

Pota- 
toes 

Year 

Bread  cereals 

Barley 

Oats 

Com 

Total 

Sugar 
beets 

Wheat 

Rye 

Total 

Acreage: 

Average— 

1909-1912 

1,000 
acres 
2,385 
2,358 

1,000 

acres 

549 

440 

1,000 
acres 
2,394 
2,798 

1,000 

acres 

511 

535 

1,000 

acres 

417 

357 

1,000 
acres 
1,495 
1,427 

1,000 
acres 
6,357 
6,117 

1,000 

acres 

11 

23 

1,000 
acres 
1  36 

1921-1925 

34 

1921 

2,233 
2,226 
2,303 
2,492 
2,637 
2,687 

Percent 
44.5 
46.1 

466 
442 
425 
413 
453 
460 

Percent 
10.3 
8.6 

2,699 
2,668 
2,728 
2,905 
2,990 
3,047 

Per  cent 
64.8 
54.7 

524, 
534 
544 
529 
544 
546 

Per  cent 
9.6 
10.4 

331 
352 
370 
376 
354 
319 

Percent 
7.8 
7.0 

1,421 
1,313 
1,364 
1,505 
1,531 
1,470 

Percent 
27.9 
27.9 

4,975 
4,867 
5.006 
5,316 
5,419 
5,382 

Percent 
100.0 
100.0 

20 
20 
24 
24 
27 
24 

Per  ceni 

30 

1922... 

25 

1923 

50 

1924. 

64 

1925 

3 

1926 

49 

Percentage  of  total  chief  ce- 
reals- 
Average— 

1909-1912... 

Per  cent 

1921-1925 

1921 

44.9 
45.7 
48.0 
46.9 
46.8 
48.1 

9.4 
9.1 
8.5 
7.8 
8.4 
8.5 

54.3 
54.8 
54.5 
54.7 
65.2 
56.6 

10.5 
11.0 
10.9 
9.9 
10.0 
10.2 

6.6 
7.2 
7.4 
7.1 
6.5 
6.9 

28.6 
27.0 
27.2 
28.3 
28.3 
27.3 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 



1922 

1923 

1924 

1925           

1926 

For  sources  see  tables  on  separate  commodities  in  following  text. 
>  For  1914  only.    Other  years  not  significant. 

A  comparison  of  the  average  acreages  estimated  to  have  been 
seeded  in  1909-1912  with  those  for  the  5-year  period  ended  1925, 
shows  that  little  change  has  occurred  in  the  rate  at  which  cereals 
are  seeded  in  Bulgaria  except  for  the  shift  from  rye  to  wheat.  The 
rate  of  planting  com  has  remained  unchanged,  and  the  differences 
,in  barley  and  oats  are  no  more  than  those  to  be  expected  from  sea- 
►nal  fluctuations. 

In  Rumania,  the  1921-1925  average  shows  a  decrease  in  the  pro- 
luction  of  bread  cereals,  wheat  and  rye,  whereas,  in  Bulgaria,  there 
has  been  no  such  change,  when  the  areas  of  the  two  cereals  are  con- 
sidered together. 

Production  of  cereals  in  Bulgaria  has  fluctuated  somewhat  from 
year  to  year,  responding  to  changes  of  acreage  and  the  fluctuations 
of  the  climate.     Comparing  the  1921-1925  averages  with  those  of 
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1909-1912,  it  is  noted  that  the  acreages  of  wheat,  rye,  oats,  and 
corn  during  the  latter  period  were  somewhat  below  those  during  the 
former,  whereas  barley  was  somewhat  higher. 

As  indicated  in  Table  64,  the  reduction  in  the  average  production 
of  wheat,  rye,  oats,  and  corn,  shown  by  a  comparison  of  these  two 
periods,  was  about  proportional  to  the  differences  in  acreage. 

During  the  seasons  1923,  1924,  and  1925  production  of  the  seven 
most  important  field  crops  in  the  territories  comprising  the  present 
Kingdom  of  Bulgaria  was  greater  than  in  these  same  territories 
before  the  World  War. 


Table   64. — Cereals,   potatoes  and  sugar  beets:  Production  in  Bulgaria,   present 
boundaries,  average  1909-1912,  1921-1925,  and  annual,  1921-1926 


[0 

n  thousands— i. 

B.,  000  omitted] 

Five  chief  cereals 

Pota- 
toes 

Year 

Bread  cereals 

Barley 

Oats 

Corn 

Total 

Sugar 
beets 

Wheat 

Rye 

Total 

Average: 
1909-1912 

Bushels 
36, 308 
35,  501 

Bushels 
8,318 
6,720 

Bushels 
44,  626 
42,  221 

Bushels 
10,069 
10, 642 

Bushels 
8,679 
8,318 

Bushels 
25, 487 
22,  328 

Bushels 
88,861 
83,509 

Bushels 

654 

1,571 

Short 
tons 
1  210 

1921-1925 

222 

1921   

29,  239 
37,704 
36,223 
24,  698 
49,  643 
41,064 

6,095 
7,453 
6,862 
4,303 
8,889 
8,008 

35,  334 
45, 157 
43,  085 
29,001 
58,632 
49,  072 

8,489 
11,  941 
11,063 

7,067 
14,  652 
11,969 

6,657 
9,144 
9,188 
6,371 
10,228 
7,413 

16,380 
15, 479 
26,  866 
24,756 
28, 158 
29,018 

66.860 
81,  721 
90,202 
67, 195 
111,  570 
97, 472 

1,040 
1,360 
1,220 
1,819 
2,418 
1,811 

129 

1922 

166 

1923  

352 

1924                             -       

446 

1925 

18 

1926                      

331 

For  sources  see  tables  on  separate  commodities  in  following  text. 
1  For  1914  only.    Other  years  not  significant. 

The  yields  of  cereals  per  acre  in  Bulgaria  during  1921-1925  as 
indicated  in  Table  65,  averaged  nearly  the  same  as  during  1909-1912, 
varying  no  more  than  0.2  bushel,  except  in  the  case  of  oats  which 
ranged  2.5  bushels  above  normal  and  of  corn  which  dropped  to  1.4 
bushels  below  normal.  Contrast  this  with  the  conditions  in  Rumania. 
When  the  1921-1925  average  yields  per  acre  are  compared  with  those 
of  1909-1913  they  show  a  decrease  of  4.2  bushels  per  acre  in  the  case 
of  bread  cereals,  5.8  bushels  for  barley,  8.8  bushels  for  oats,  and  3.9 
bushels  per  acre  for  corn.  Although  seasonal  climatic  conditions 
had  an  influence,  the  falling  off  in  yield  in  Rumania  was  largely  a  con- 
sequence of  the  changes  from  large-estate  to  peasant  farming,  follow- 
ing the  land  reform. 

There  had  been  a  land  reform,  also,  in  Bulgaria,  but  the  effects  of 
this  reform  are  not  markedly  noticeable  either  as  to  the  manner  in 
which  field  crops  have  been  seeded  or  as  to  yield. 

The  territories  comprised  within  the  present  confines  of  Bulgaria 
produced  more  cereals  in  each  of  the  years  1923,  1925,  and  1926 
than  these  same  areas  produced,  on  the  average,  before  the  World 
War.  However,  when  total  production  is  divided  by  the  total  popu- 
lation for  the  pre-war  and  post-war  periods,  it  is  found  that  only,  in 
1925,  did  the  per  capita  production  exceed  the  average  production 
per  inhabitant  during  1909-1912. 
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Table  65. — Cereals,  potatoes  and  sugar  beets:  Yields  per  acre  in  Bulgaria,  present 
boundaries,  average  1909-1912,  1921-1926,  and  annual,  1921-1926 


Five  chief  cereals 

Potar 
toes 

Year 

Bread  cereals 

Barley 

Oats 

Corn 

Total 

Sugar 
beets 

Wheat 

Rye 

Total 

Average: 

1909-1912 

BusheUt 
15.2 
15.1 

Bushels 
15.2 
15.3 

Bushels 
15.2 
15.1 

Bushels 
19.7 
19.9 

Bushels 
20.8 
23.3 

Bushels 
17.0 
15.6 

Bushels 
16.6 
16.3 

Bushels 
59.5 
68.3 

Short 
tons 
»5.8 
6.5 

1921-1925 

1921 

13.1 
16.9 
15.7 
9.9 
19.6 
15.9 

13.1 
16.9 
16.1 
10.4 
19.6 
17.4 

13.1 
16.9 
15.8 
10.0 
19.6 
16.1 

16.2 
22.4 
20.3 
13.4 
26.9 
21.9 

20.1 
26.0 
24.8 
16.9 
28.9 
23.2 

11.5 
11.8 
19.7 
1&4 
18.4 
19.7 

13.4 
16.8 
18.0 
12.6 
20.6 
18.1 

52.0 
68.0 
50.8 
75.8 
89.6 
76.5 

4  3 

1922     . 

6.6 
7.0 
7.0 
6  0 

1923.- 

1924 

1925 

1926.. 

6  8 

For  acreage,  total  production,  and  sources  see  table  on  separate  commodities  in  following  text. 
1  1914  only. 

During  the  5-year  period  ended  1912,  Bulgaria  (present  boundaries) 
produced  2,038  bushels  of  cereals  for  each  100  inhabitants.  During 
1925,  production  reached  2,185.2  bushels,  an  increase  of  1.47  bushels 
per  capita.  (Table  66.)  In  1926,  total  production  had  fallen  off 
to  1,891.5  bushels  per  100  inhabitants  and  during  the  5-year  period 
ended  1925  annual  production  has  averaged  only  1,666.6  bushels  per 
100  inhabitants,  a  drop  of  371.4  bushels  below  the  pre-war  average. 
Comparing  conditions  within  present  boundaries  with  those  of  the 
old  Kingdom,  the  production  per  100  inhabitants  during  1921-1925 
averaged  616.6  bushels  below  the  pre-war  average. 

Table  66. — Cereals,  potatoes  and  sugar  beets:  Acreage  and  production  per  100 
inhabitants  in  Bulgaria,  present  boundaries,  average  1909-1912,  1921-1926,  and 
annual,  1921-1926 


Five  chief  cereals 

Pota- 
toes 

Year 

Bread  cereals 

Barley 

Oats 

Com 

Total 

Sugar 
beets 

Wheat 

Rye 

Total 

Acreage: 

Average — 

190^1912.. 

Acres 
54.7 
47.0 

Acres 
12.6 
8.8 

Acres 
67.3 
65.8 

Acres 
n.7 
10.7 

Acres 
9.6 

7.1 

Acres 
34.3 
28.5 

Acres 
122.9 
102.1 

Acres 

as 

.6 

Acres 

>a8 

1921-1926 

.7 

1921 

45.4 
44.9 
46.9 
49.3 
49.7 
50.2 

BusheU 
832.7 
708.5 

9.6 

1? 

8.2 
8.9 
8.9 

Bushels 
190.8 
134.1 

64.9 
63.8 
54.4 
67.6 
68.6 
59.1 

Bushels 

1,023.5 

842.6 

10.7 

ia8 

10.9 
10.4 
10.6 
10.6 

Bushels 
230.9 
212.4 

6.7 
7.1 
7.4 
7.4 
6.9 
6.2 

BusheU 
199.1 
166.0 

28.9 
26.4 
27.2 
29.8 
30.0 
28.5 

BusheU 
684.6 
445.6 

10L2 
98.1 
99.9 
105.1 
106.1 
104.4 

BusheU 
2,038.0 
1,666.6 

.4 
.4 

.5 
.6 
.5 
.6 

BusheU 
15.0 
3L4 

.6 

1922 

.5 

1923.. 

LO 

1924 

1.3 

1925... 

.1 

1928 

LO 

Production: 
Average— 

190^1912 

Short 
tons 
>4.8 

1921-1926 

4.4 

1921 

694.7 
759.7 
723.0 
488.3 
972.3 
796.9 

124.0 
150.2 
137.0 
85.1 
174.1 
166.4 

718.7 
909.9 
860.0 
573.4 
1, 146. 4 
952.3 

172.7 
240.6 
220.8 
139.7 
287.0 
232.3 

135.4 
184.2 
183.4 
126.0 
200.3 
143.8 

333.2 
311.9 
636.2 
489.4 
651.6 
663.1 

1,360.0 
1,646.6 
1,800.4 
1,328.6 
2,185.2 
1,89L5 

2L2 
27.4 
24.4 
36.0 
47.4 
36.1 

2.6 

1922 

3.3 

1923 

7.0 

1924 

&8 

1925 

4 

1926 

6.4 

For  population  see  Table  67. 
» 1914  only. 
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This  is  the  crux  of  the  present  export  situation  in  Bulgaria.  The 
territories  ceded  to  Rumania  produced  large  surpluses  of  grain  in 
proximity  to  the  exporting  port  of  Varna.  These  surpluses  have  been 
lost  to  Bulgaria's  export  trade.  On  the  other  hand,  the  territories 
acquired  from  Turkey  are  cereal  deficit  regions  and  require  shipments 
of  grain  from  North  and  South  Bulgaria  which  cuts  down  still  further 
the  export  potentialities  of  the  surplus  districts. 

There  have  been  steady  increases  in  native  population  amounting, 
by  1926,  to  about  800,000  which  includes  221,000  refugees. 

Furthermore,  an  analysis  of  the  statistics  indicates  an  increased 
per  capita  disappearance  of  wheat,  rye,  and  oats. 

The  land  reform  in  itself  has  probably  been  without  appreciable 
effect  upon  the  agricultural  production  in  Bulgaria,  but  the  combined 
influences  of  the  other  factors,  summarized  above,  have  resulted  in  a 
reduction  of  the  post-war  exports  from  Bulgaria  (present  boundaries). 
These  exports  have  ranged  far  below  the  normal  pre-war  exports  of 
the  old  Kingdom,  averaging,  during  the  5-year  period  ended  1925, 
about  2,496,000  bushels  of  wheat,  as  compared  with  the  average  of 
11,149,000  bushels  from  the  old  Kingdom  during  1909-1912.  The 
other  cereals  in  similar  comparison  are:  Rye,  199,000  bushels  against 
2,033,000  bushels;  barley,  773,000  bushels  against  2,091,000  bushels; 
oats,  105,000  bushels  against  377,000  bushels;  and  corn  4,298,000 
bushels  against  8,728,000  bushels. 

WHEAT 

In  proportion  to  the  quantity  produced,  the  old  Kingdom  of  Bul- 
garia was  a  considerable  exporter  of  wheat.  The  average  net  expor- 
tation was  11,149,000  bushels,  equivalent  to  33.6  per  cent  of  the 
total  net  production.  In  1913,  Bulgaria  ceded  to  Rumania  and 
Yugoslavia  certain  territories  that  on  an  average  produced  a  surplus 
of  3,276,000  bushels,  equivalent  to  about  29.4  per  cent  of  the  total 
average  pre-war  wheat  exportation  from  the  old  Kingdom. 

The  newly  acquired  territories  to  the  south  do  not  prodtice  enough 
wheat  to  satisfy  the  bread  requirements  of  the  local  population, 
resulting  in  a  wheat  deficit.  This  deficit  has  been  estimated  to  have 
averaged  1,477,000  bushels  annually  during  the  4-year  period  ended 
1912. 

Taking  into  consideration  the  loss  of  territories  on  the  northeast 
and  northwest,  whose  annual  surplus  was  practically  3,276,000  bush- 
els, and  the  acquisition  of  territories  on  the  south,  whose  annual 
deficit  was  practically  1,477,000  bushels,  the  pre-war  surplus  produc- 
tion of  Bulgaria,  (present  boundary)  may  be  considered  to  have 
been  approximately  6,396,000  bushels,  equivalent  to  22.3  per  cent  of 
the  estimated  net  production.  When  this  estimated  surplus  is  com- 
pared with  the  average  pre-war  actual  export  from  the  old  Kingdom  of 
11,149,000  bushels  it  is  easy  to  understand  the  catastrophic  effect  that 
the  changes  in  boundaries  has  had  upon  the  export  trade  of  Bulgaria 
and  upon  the  international  financial  standing  of  the  new  Kingdom. 

Comparing  the  pre-war  estimates  of  acreage  for  the  territories  com- 
prising the  present  Bulgarian  State  with  the  post-war  reported  data 
as  indicated  in  Table  67,  it  appears  that  there  was  not  a  pronounced 
falling  off  during  the  World  War  in  the  area  under  wheat.  The 
wheat  area  in  1921  was  2,233,000  acres,  or  93.6  per  cent  of  the  1909- 
1912  average. 


AGRICULTURAL  SURVEY  OF  EUROPE 


103 


Table  67.- 


■Wheal:  Statistical  balances  of  Bulgaria,  average  1909-1912, 1921-1926, 
and  annual,  1921-22  to  1926-27 


Population! 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deflcit(-) 

District  and  year 

Gross 

Net 

Statis- 
tical 

Per 
capita 

Pre-war  average,  1909-1912: 
Old  Kingdom  minus  ced- 
ed TerritoryJ 

Number 
3,984,830 
/  375, 334 

1,000 

acres 

»2,331 

54 

1,000 

bushels 

<7,427 

8  172 

1,000 

bushels 

«  35, 691 

617 

1,000 

bushels 

28,264 

445 

1,000 

bushels 

20,391 

1,922 

Bushels 

5.12 

»5.12 

1,000 
bushels 

«+7,873 
-1,477 

Newly  acquired  territory- 

Present  territory 

4, 360, 164 

2,385 

7,699 

36,308 

28,709 

22,313 

6.12 

+6,396 

Post-war  period:  >« 
1921-22 

4,916,300 
4,963,000 
5,010,200 
5,057,800 
5, 105,  800 

2,233 
2,226 
2,303 
2,492 
2,537 

"  7, 114 
7,092 
7,337 
7,940 
8,083 

29,239 
37,704 
36,223 
24,698 
49,643 

22,125 
30,  612 
28,886 
16,758 
41,560 

17,649 
26,922 
26,462 
18,453 
37,266 

3.69 
5.42 
6.28 
3.65 
7.30 

"-H,476 
»  +3,  690 
"+2,424 
"  —1,695 

1922-23 

1923-24 

1924-25 

1925-26 

"  +4,  294 

Average,  1921-1925 

5, 010, 620 

2,358 

7,513 

35,501 

27,988 

25,350 

5.06 

+2,638 

1926-27 

5, 153,  205 

2,587 

8,242 

41,064 

32,822 

■ 

1  Population  for  pre-war  is  1910;  old  Kingdom  of  Bulgaria,  4,337,513  (8,  Ann.  4);  ceded  territories,  352,683, 
calculated  from  (8,  Ann.  4) ;  newly  acquired  territory  estimated,  assuming  that  the  same  increase  had  occurred 
between  1910  and  1920  as  in  the  old  Kingdom,  minus  ceded  territories.  1921  to  1925  (S,  Ann.  17,  p.  18). 
1926  estimated  by  adding  to  1925  the  average  yearly  increase  between  1921  and  1925. 

*  Acreage,  production  and  seed  for  old  Kingdom  (9, 1909-1912);  ceded  territories  calculated  from  (9, 1909- 
191S). 

*  2,728,000  acres  minus  397,000  acres  ceded  to  Rumania  and  Yugoslavia.     See  Tables  21  and  96. 

*  Total  seed  for  Bulgaria,  minus  seed  used  in  ceded  territories.    See  Tables  21  and  96. 

« 41,842,000  bushels,  minus  6,151,000  bushels  produced  in  ceded  territories.     See  Tables  21  and  96. 

*  11,149,000  bushels,  net  export  of  the  old  Kingdom  for  calendar  years  from  {17, 1909-1921),  minus  3,276,000 
bushels,  statistical  surplus  produced  in  ceded  territories. 

">  Area  and  production  of  newly  acquired  territory,  estimated. 
8  3.187  bushels  seed  per  acre,  same  as  old  Kingdom  of  Bulgaria. 

*  Estimated  to  be  the  same  as  old  Kingdom,  minus  ceded  territories. 

1"  Acreage  and  production  for  1921  to  1926  from  official  records  of  U.  S.  Department  of  Agriculture,  Bureaa 
of  Agricultural  Economics, 
n  3.186  bushels  seed  per  acre  used,  1921  to  1926,  as  indicated  in  pre-war  average. 
"  Net  exports  (+)  and  net  imports  (— )  for  years  beginning  Aug.  1  {17, 1924-1927). 

The  acreage  under  wheat  has  steadily  increased  since  1922,  reach- 
ing a  maximum  of  2,587,000  acres  in  1926  or  108.5  per  cent  of  the 
estimated  pre-war  average  for  these  territories,  but  this  gain  in  acre- 
age is  more  than  offset  by  the  natural  growth  of  the  population. 

The  estimated  population  for  1926  is  118.2  per  cent  of  what  it 
was  in  1910,  so  that  the  wheat  acreage,  of  recent  years,  averages 
less  per  capita  than  before  the  World  War.  Total  domestic  disap- 
pearance of  wheat  has  increased  under  these  conditions.  There  is 
even  an  indication  of  increased  consumption  per  capita,  sdthough 
this  is  obscured  by  the  poor  crop  year  of  1924,  during  which  time  the 
nation  went  on  short  rations  and  international  trade  resulted  in  a 
net  importation  of  1,695,000  bushels  of  wheat. 

Exports  of  wheat  from  present  Bulgarian  territory  in  surplus- 
producing  years,  since  1921,  have  been  disappointing  when  contrasted 
with  the  pre-war  exportations  of  the  old  Kingdom  or  even  when 
compared  with  the  estimated  pre-war  exportable  surplus  of  the  new 
Kingdom. 

Although  preliminary  estimates  place  the  1927  acreage  at  2,508,000 
acres,  somewhat  below  that  of  the  previous  year,  it  is  probable  that 
wheat  acreage  in  Bulgaria  will  increase  and  may  even  equal  that  of 
the  old  Kingdom  before  the  World  War.  The  most  fertile  fields  in 
present  Bulgaria  are  already  under  wheat,  so  that  production  from 
any  additional  areas,  which  must  necessarily  be  more  or  less  marginal 
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in  character,  can  not  equal  that  of  an  equivalent  area  of  the  unus- 
ually rich  soils  found  in  the  wheat  belt  of  the  Dobruja  that  have 
passed  under  Rumanian  control.  Population  has  increased  and  will 
continue  to  increase.  It  is  probable  that  domestic  consumption  of 
wheat  per  capita  is  increasing. 

Taking  all  these  factors  into  consideration,  it  is  improbable  that 
the  future  exportable  surplus  of  Bulgaria  will  exceed  the  pre-war 
average  of  11,000,000  bushels  from  the  old  Kingdom  although  in 
good  years  it  may  exceed  the  estimated  surplus  of  6,396,000  produced 
before  the  war  in  the  territories  now  comprising  the  new  Kingdom. 

Flour  Milling 

The  total  pre-war  export  of  wheat  from  the  old  Kingdom  of  Bul- 
garia averaged  11,149,000  bushels,  of  which  8,698,000  were  exported 
as  grain  and  the  equivalent  of  2,451,000  bushels  as  flour.  In  addi- 
tion to  the  wheat  ground  in  the  commercial  mills  for  export,  an  annual 
average  of  22,000,000  bushels  were  ground  for  domestic  consumption. 

In  1910,  there  were  12,004  mills  in  Bulgaria.  Of  this  number, 
99  were  engaged,  under  the  patronage  of  the  State,  in  the  production 
of  high-grade  export  flour  as  well  as  the  lower  grades  demanded  for 
peasant  consumption.  These  great  mills  were  located  at  Tirnovo, 
Gorna  Orjechovica,  Pleven,  Stara  Zagora,  Sofija,  Russe,  and  Shumen. 
The  great  majority  of  all  other  mills  was  of  the  wind  or  water  type, 
grin(hng  coarse  flour  and  meal. 

There  were  121  commercial  flour  miUs,  including  a  few  mills 
equipped  for  processing  rice,  in  operation  in  1921.  These  mills  are 
reported  to  have  manufactured  products  to  the  value  of  43,989,824 
gold  leva  ^^  or  $8,490,036  as  compared  with  products  valued  at 
$2,444,126  manufactured  by  the  textile  industry;  $1,906,358  worth 
of  sugar  produced  by  the  sugar  industry  and  the  return  of  $5,947,530 
by  all  other  industries. 

Table  68. — Wheat  and  wheat  flour:  Quantity  and  destinations  of  exports  from 
Bulgaria,  1922-1926  (8,  Ann.  17,  pp.  271,  273) 


1922 

1923 

1924 

1925 

Country  to  which  exported 

Wheat 

Wheat 
flour 

Wheat 

Wheat 
flour 

Wheat 

IWheat 
flour 

Wheat 

Wheat 
flour 

Austria 

Short 
tons 
6,293 
652 
(2) 
1,610 

Short 

tons 

449 

16 

380 

....... 

3,913 

14,890 
1,071 

Short 
tons 
8,997 

— (Y)— 

3,640 

1 

10, 615 

3,717 

1,130 

486 

47, 219 

177 

12,134 

Short 

tons 

1,009 

1,296 

22 

(0 

1 

4,850 

%. 

1 

4,181 

529 

20 

Short 

tons 

(1) 

367 
"2,' 192' 
i7" 

Short 

tons 

2,815 

181 

27 

2 

56 

9,079 

461 

Short 
tons 
44 

Short 
tons 

Czechoslovakia.. 

Egypt . 

13 

1,979 
552 

France .  . 

Germany 

Greece... . 

18,828 
4,240 
7,063 
11,692 
52,087 
2,110 

11,253 

24,632 

16,042 
75 

Hungary 

Italy 

Russia 

Turkey 

10,709 
9 

455 
15 

33 

4,951 
0) 

9,152 

82 

Yugoslavia 

2 

other  countries  and  undetermined 
destination.. 

1,934 

Total 

115,  628 

21, 676 

87, 916 

12,  250 

13,294 

13, 124 

38,  692 

20,666 

1  Less  than  500  pounds. 
"  Value  of  the  lev  at  par,  19.3  cents. 


2  If  any,  included  in  other  countries. 
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Compared  with  other  manufactures,  flour  milling  was  the  most 
important  industry  in  Bulgaria.  Previous  to  1879  the  Turkish 
Empire  drew  upon  Bulgaria  for  a  considerable  portion  of  its  food 
suppUes,  but  for  some  years  after  the  war  of  freedom  this  source  of 
wheat  was  neglected  until  1899.  At  this  time  trade  relationships 
were  reestablished  and,  during  1909-1912,  about  80  per  cent  of  the 
flour  exported  from  Bulgaria  went  to  Turkey. 

The  export  of  flour  has  ranged  between  12,250  and  21,576  short 
tons  annually,  during  the  4-year  period  ended  1925.  In  1925  the 
bulk  of  the  flour  exported  went  to  Greece  and  Egypt.     (Table  68.) 

By  far  the  greater  portion  of  wheat  exported  in  the  form  of  grain 
in  recent  years  went  to  Greece  and  Turkey.  Bulgaria  shipped  little 
wheat  to  western  Europe  in  1924  and  1925. 

RYE 

More  rye  was  planted  in  the  territories  acquired  from  Turkey  than 
was  sown  in  the  territories  transferred  to  Rumania  and  Yugoslavia. 
Thus  the  territories  now  comprised  within  the  frontiers  of  Bulgaria 
planted  annually  before  the  World  War  549,000  acres  to  rye  or  some- 
what more  than  was  planted  in  the  old  Kingdom.  But  the  newly 
acquired  territories  did  not  produce  sufficient  rye  to  meet  their  own 
food  requirements,  and  yields  per  acre  were  lower  than  those  obtained 
in  the  territories  transferred  to  Bulgaria's  neighbors  on  the  north  and 
west.  For  these  reasons,  instead  of  an  annual  export  of  2,033,000 
bushels  which  the  old  Eangdom  sent  abroad  each  year,  it  is  estimated 
that  the  annual  rye  surplus  of  the  territories  constituting  present 
Bulgaria  was  approximately  1,883,000  bushels.     (Table  69.) 

Table  69. — Rye:  Statistical  balance  of  Bulgaria,  average  1909-1912,  1921-1925, 
and  annual  1921-22  to  1926-27 


Acre- 
age 

Seed 

Production 

Disappearance 

Sur- 

District  and  year 

Gross 

Net 

Statis- 
tical 

Per 

capital 

plus(+) 
or  defi- 
cit(-) 

Pre-war  average,  1909-1912: 

Old  Kingdom  minus  ceded  territory* 

Newly  acquired  territory^ 

1,000 

acres 

»603 

46 

1,000 
bushels 
« 1,532 
«140 

1,000 

bushels 

» 7,806 

512 

1,000 

bushels 

6,274 

372 

1,000 

bushels 

4,354 

409 

Bushels 

1.09 

•1.09 

1,000 
bushels 
•+1,920 
-37 

Present  territory 

549 

1,672 

8,318 

6,646 

4,763 

1.09 

+1,883 

Post-war  period:  »• 

1921-22 

466 
442 
425 
413 
453 

"1,419 
1,346 
1,295 
1,258 
1,380 

6,095 
7,453 
6,862 
4,303 
8,889 

4,676 
6,107 
5,567 
3,045 
7,509 

4,413 
6,677 
5,438 
3,026 
7,421 

0.90 
1.12 
1.09 
.60 
1.45 

"+283 

1922-23 

"+530 

192»-24 

»«+129 

1924-25 

»>+19 

1925-26 

i*+88 

Average  1921-1925 

440 

1.340 

6,720 

5,380 

5,175 

1.03 

+205 

1926-27 

460 

1,401 

8,008 

6,607 

1  For  populations  see  Table  67. 

»  See  note  2  in  Table  67. 

»  533,000  acres  less  30,000  ceded  to  Rumania  and  Yugoslavia.     See  Tables  23  and  100. 

*  Total  seed  for  Bulgaria  minus  seed  used  in  ceded  territories.     See  Table  23  and  100. 

»  8,341,000  bushels  less  535,000  bushels  produce<l  in  the  ceded  territories.    See  Tables  23  and  100. 

8  2,033,000  bushels,  net  export  of  rye  and  rye  flour  of  the  old  Kingdom  for  calendar  years  (17,  19H-tS), 
minus  113,000  bushels,  statistical  surplus  produced  in  ceded  territories.    See  Tables  23  and  100. 

^  Acreage  and  production  of  newly  acquired  territory,  estimated. 

'  3.042  bushels  seed  per  acre,  same  as  the  old  Kingdom  of  Bulgaria. 

»  Same  rate  i;s  the  old  Kingdom  less  ceded  territory. 

»  Acreage  and  production  for  1921  to  1926  from  official  records  of  the  U.  8.  Department  of  Agriculture, 
Bureau  of  Agricultural  Economics. 

>'  3.046  bushels  seed  j)er  acre  for  1921  to  1926  as  indicated  in  pre-war  average. 

"  Net  exports  for  years  beginning  Aug.  1  (/7, 19H-g7). 
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The  acreage  of  rye  in  1921  was  84.9  per  cent  of  the  pre-war  estimated 
average.  This  is  a  significant  decrease  in  view  of  the  fact  that  in 
this  year  the  Bulgarians  seeded  more  than  93  per  cent  of  their  former 
wheat  acreage.  During  the  next  three  years,  rye  acreage  decreased 
to  413,000  acres,  and  then  increased  somewhat.  By  1926,  the  area 
under  rye  was  460,000  acres  or  83.8  per  cent  of  the  pre-war  average. 
PreUminary  estimates  indicate  the  1927  area  at  442,000  acres. 

Production  has  been  proportionately  low  until  the  good  harvests  of 
1925  and  1926  brought  net  production  somewhat  above  the  pre-war 
average  in  the  former  year  and  about  equal  to  the  1909-1912  average 
in  the  latter.  Except  during  the  poor  crop  year,  1924-25,  dissappear- 
ance  has  been  about  normal,  and  consequently  exportation  has  been 
low.  Most  of  the  surplus  rye  produced  in  Bulgaria  is  exported  to 
Greece  and  Turkey.  It  is  probable  that  rye  will  not  recover  its  pre- 
war status  since  in  Bulgaria,  as  in  other  countries  in  southeastern 
Europe,  there  seems  to  be  a  trend  toward  increased  consumption  of 
wheat.  Wheat  acreage  is  being  given  the  preference  on  those  lands 
set  aside  for  the  cultivation  of  bread  cereals. 

BARLEY 

The  net  exportation  of  barley  from  the  old  Kingdom  of  Bulgaria 
averaged  2,091,000  bushels,  of  which  1,277,000  bushels  were  pro- 
duced in  the  territories  ceded  to  Rumania  and  Yugoslavia.  The 
estimates  for  the  territories  acquired  from  Turkey  indicate  a  statistical 
deficit  of  496,000  bushels  annually.  If  this  deficit  had  been  covered, 
the  pre-war  exportable  surplus  of  Bulgaria  (present  boundaries) 
would  have  been  approximately  only  318,000  bushels.     (Table  70.) 


Table  70. — Barley:  Statistical  balance  of  Bulgaria,  average  1909-1912,  1921-1925, 
and  annual,  1921-22  to  1926-27 

Acreage 

Seed 

Production 

Disappearance 

Surplus 
(+)  or 

(-T 

District  and  year 

Gross 

Net 

Statis- 
tical 

Per 

capita  1 

Pre-war  average,  1907-1912 

Old  Kingdom  minus  ceded  territory  a. . 
Newly  acquired  territory  '' 

1,000 

acres 

8  490 

21 

1,000 
bushels 
*  1,530 
8  66 

1,000 
bushels 
» 9,  797 
272 

1,000 
bushels 
8,267 
206 

1,000 
bushels 
7,453 
702 

Bushels 

1.87 

»1.87 

1,000 
bushels 
«+814 
-496 

Present  territory 

511 

1,596 

10,069 

8,473 

8,156 

1.87 

+318 

Post-war  period:  «• 

1921-22... 

624 
534 
544 
629 
544 

"1,636 
1,668 
1,699 
1,652 
1,699 

8,489 
11,941 
11,063 

7,067 
14,662 

6,853 
10,273 
9,364 
5,415 
12,963 

6,034 
9,003 
8,880 
4,883 
11,850 

1.23 
1.81 
1.77 
.97 
2.32 

12  +819 

1922-23 

12  +1,  270 
12  +484 

1923-24 

1924-25 

13  +532 
12  +1, 103 

1925-26. _. 

Average  1921-1925- . 

635 

1,671 
1,706 

10,642 
11,969 

8,971 

8,130 

1.62 

+841 

1926-27__ 

546 

10,264 

1  For  populations  see  Table  67. 

2  See  note  2,  Table  67. 

8  620,000  acres  minus  seed  used  in  ceded  territories  see  Tables  25  and  101. 

*  Total  seed  for  old  Bulgaria  minus  seed  used  in  ceded  territories.    See  Tables  26  and  101. 

« 12,059,000  bushels  minus  2,262,000  bushels  produced  in  ceded  territories.    See  Tables  25  and  101. 
8  2,091,000  bushels,  net  export  for  calendar  years  for  the  old  Kingdom  (17, 1924-26)  minus  1,277,000  bushels, 
statistical  surplus  produced  in  ceded  territories.    See  Tables  25  and  101. 
^  Acreage  and  production  of  newly  acquired  territories,  estimated. 
8  3.122  bushels  seed  per  acre,  same  as  the  old  Kingdom  of  Bulgaria. 

*  Same  as  the  old  Kingdom  less  ceded  territory. 

10  Acreage  and  production  for  1921  to  1926  from  official  records  of  U.  S.  Department  of  Agriculture, 
Bureau  of  Agricultural  Economics. 
"3.123  bushels  seed  per  acre  used  1921  to  1926  as  indicated  in  pre-war  average. 
M  Net  exports  for  years  beginning  Aug,  1  (i7,  mj^-mi). 
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In  1921  there  were  15  breweries  operating  in  Bulgaria  which 
produced  beer  and  other  products  to  the  value  of  6,230,247  gold 
leval,  or  about  $1,202,438.'*®  This  is  between  6  and  7  per  cent  of 
the  total  value  of  the  industrial  output  of  the  entire  Kingdom  during 
that  year.  Little  beer  is  exported  from  Bulgaria,  and  the  local 
demand  for  brewing  barley  is  gaged  largely  by  the  domestic  con- 
sumption of  beer,  which  is  fairly  constant  from  year  to  year. 

Since  the  World  War  both  acreage  and  production  of  barley  in 
Bulgaria  have  averaged  well  above  the  estimated  pre-war  normal 
for  present  boundaries.  Disappearance,  on  the  other  hand,  has 
averaged  somewhat  lower  than  the  pre-war  estimates  and  thus  the 
actual  net  exports  have  ranged  considerably  higher  than  the  surplus 
estimated  to  be  available  for  export  from  these  territories  during  the 
4-year  period  1909-1912.  It  is  probable  that  the  average  export 
of  841,000  bushels  during  the  5-year  period  ended  1925-26  indicates 
with  fair  accuracy  the  new  level  (somewhat  higher  than  pre-war) 
about  which  Bulgarian  barley  exports  will  fluctuate  in  the  future. 

As  shown  in  Table  71,  most  of  the  barley  exported  from  Bulgaria 
in  1924  and  1925  went  to  Belgium,  Germany,  Greece,  and  England. 

Table  71. — Barley:  Exports  from  Bulgaria  by  countries f   1922-1926   (8,   Ann. 

17,  p.  271) 


Countxy  to  which  exported 

1922 

1923 

1924 

1925 

Austria 

Bushels 
40,856 

216,875 

9,158 

86,103 

48,778 

121, 067 
43,338 

225,031 
94,2«0 

445,910 

Bushels 
17,755 
61,203 

Bushels 

Bushels 

Belgium. 

269,866 
2,704 

474,446 

England.. 

22,700 

France... 

41,434 

Germany     ... 

11,682 

86,081 

360 

177, 157 

Greece 

108,028 
1,411 
19,225 
7,958 

391, 774 

58,097 

Italy : ... 

Turkey 

Yugoslavia 

other  countries  and  designation  not  determined . 

202,030 

200,696 

Total 

1,330,376 

648,788 

572,723 

933,096 

OATS 

Oats  constitute  the  least  important  of  the  cereal  crops  in  Bulgaria. 
The  old  Kingdom  produced  a  small  exportable  surplus  before  the 
World  War,  averaging  377,000  bushels  annually.  The  territories 
ceded  to  Rumania  ana  Yugoslavia  (according  to  statistical  calcula- 
tion) did  not  produce  enough  oats  annually  to  meet  local  require- 
ments which  necessitated  the  purchase  of  267,000  bushels  each  year 
to  supplement  home  production.  The  newly  acquired  territories 
were  also  deficit  regions,  requiring  322,000  bushels  of  oats  annually 
in  addition  to  local  production. 

The  pre-war  surplus  production  of  oats'  in  Bulgaria  (present 
boundaries)  may  thus  be  considered  to  have  been  about  55,000 
bushels  less  than  the  pre-war  average  export  from  the  old  Kingdom, 
or  322,000  bushels  annually.     (Table  72.) 

«  The  par  value  of  the  lev  is  19.3  cents. 
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Table  72. — Oats:  Statistical  balance  of  Bulgaria,  average  1909-1912,  1921-1925, 
and  annual,  1921-22  to  1926-27 


Acre- 
age 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District  and  year 

Gross 

Net 

Net 

Per 
horse  1 

Pre-war  average,  1909-1912: 

Old  Kingdom  minus  ceded  territory  s... 
Newly  acquired  territory  ? 

1,000 

acres 

3  408 

9 

1,000 
bushels 
i  1, 682 
8  37 

1,000 
bushels 
«  8, 574 
105 

1,000 
bushels 
6,892 
68 

1,000 

bushels 

6,248 

390 

Bushels 

15.62 

9  15.  62 

1,000 
bushels 

6+644 
-322 

Present  territory 

417 

1,719 

8,679 

6,960 

6,638  i     15.62 

-1-322 

Post-war  period:  lo 

1921-22 

331 
352 
370 
376 
354 

11  1, 364 
1,451 
1,525 
1,550 
1,459 

6,657 
9,144 
9,188 
6,371 
10,228 

5,293 

7^663 
4,821 
8,769 

5,274 

7,206 

"-I-19 

1922-23 

12  -f-487 

1923-24. 

7,659 
4,811 
8,766 





12+4 

1924-25 

"-flO 

1925-26. 

"-I-3 

Average  1921-1925 

357 

1,470 

8,318 

6,848 

6,743  j 

-fl05 

1926-27  

319 

1,315 

7,413 

6,098 

1 

1  For  number  of  horses  see  Table  83.    Not  available  for  postwar. 

2  See  note  2,  Table  67. 

3  464,000  acres  less  56,000  that  were  ceded  to  Rumania  and  Yugoslavia.    See  Tables  27  and  102. 
*  Total  seed  for  Bulgaria  minus  seed  used  in  ceded  territories.    See  Tables  27  and  102. 

5  9,818,000  bushels  less  1,244,000  bushels  that  were  produced  on  ceded  territories.    See  Tables  27  and  102. 
«  Net  exports  for  calendar  years  for  the  old  Kingdom  of  Bulgaria,  377,000  bushels  (17, 1924.-26)  plus  267,000 
bushels,  statistical  deficit  of  ceded  territories.    See  Table  27  and  102. 

7  Acreage  and  production  of  newly  acquired  territory,  estimated. 

8  4.123  bushels  per  acre,  same  as  the  old  Kingdom  of  Bulgaria. 
»  Same  as  in  the  old  Kingdom  less  ceded  territories. 

10  Acreage  and  production  for  1921  to  1926  from  official  records  of  U.  S.  Department  of  Agriculture, 
Bureau  of  Agricultural  Economics. 

11  4.122  bushels  seed  used  per  acre,  1921  to  1926,  as  indicated  in  pre-war  average. 

12  Net  exports  for  years  beginning  August  1  (17, 1924-1927). 

Since  the  World  War  the  area  and  production  of  oats  have  ranged 
below  the  1909-1912  average  estimated  for  the  territories  comprised 
within  the  present  boundaries  of  Bulgaria.  On  the  other  hand,  dis- 
appearance has  ranged  somewhat  above  the  estimated  pre-war 
average.  As  a  consequence  the  export  of  oats  has  dwindled  to  insig- 
nificance. 

It  is  not  clear  what  the  future  trend  of  the  production  of  oats  will 
be,  but  since  total  acreage  is  so  small  any  changes  that  may  come  about 
will  not  be  of  great  importance  to  the  market  of  western  Europe. 

CORN 

Com  is  the  second  most  important  cereal  crop  produced  in  Bul- 
garia, ranking  next  to  wheat.  The  net  export  of  the  old  Kingdom 
averaged  8,728,000  bushels  during  the  4-year  period  ended  1912.  Of 
this  surplus,  about  1,024,000  bushels  are  estimated  to  have  been 
produced  in  the  territories  ceded  to  Rumania  and  Yugoslavia,  whereas 
the  territories  acquired  from  Turkey  show  an  indicated  statistical 
deficit  of  492,000  bushels.  From  these  data  it  is  estimated  that  the 
pre-war  exportable  surplus  produced  within  the  present  frontiers  of 
Bulgaria  averaged  approximately  7,507,000  bushels,    (Table  73.) 
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Table  73. — Corn:  Statistical  balance  of  Bulgaria,  average  1909-1912^  1921-1925y 
and  annual,  1921-22  to  1926-27 


Acreage 

Seed 

Production 

Disappearance 

Surplas 
(-) 

District  and  year 

Qrofis 

Net 

Statis- 
tical 

Per 
capital 

Pre-war  average.  1909-1912: 

Old  Kingdom  minus  ceded  territory  »... 
Newly  acquired  territory  '. 

tflOO 

acres 

>  1,429 

66 

1,000 
bushels 
<611 
828 

1,000 
bushels 
» 24, 457 

1,030 

1,000 
bushels 
23,846 

1,002 

1,000 

bushels 

15,847 

1,494 

BusheU 

3.98 

"3.98 

IfiOO 
busheU 
«+7,999 
—492 

1,495 

639 

25,487 

24,848 

17,341 

3.98 

+7,807 

Post-war  period:  »<» 

1921-22                                              

1,421 
1,313 
1,364 
1,505 
1,531 

11607 
561 
682 
643 
654 

16,380 
15, 479 
26,866 
24,756 
28,158 

15,773 
14, 918 
26,284 
24,113 
27,504 

13,558 
10,73,5 
17,973 
19,530 
23,623 

2.76 
2.16 
3.59 
3.86 
4.63 

"  +2, 216 

1922-23 

"  +4, 183 

1923-24                      

i»  +8, 311 

1924-25 

"+4,583 

1925-26 - 

"  +3, 881 

Average,  1921-1925 

1,427 

609 

22,328 

21,  719 

17,084 

3.41 

+4,635 

1926-27 

1,470 

628 

29,018 

28,390 

1  See  Table  67  for  populations. 

«  See  note  2  in  Table  67. 

» 1,541.000  acres  less  112,000  acres  ceded  to  Rumania  and  Yugoslavia.    See  Tables  29  and  103, 

*  Total  seed  for  Bulgaria  minus  seed  used  in  ceded  territories.    See  Tables  29  and  103. 

»  26,974.000  bushels  less  2,517,000  busliels  produced  on  ceded  territories.    See  Tables  29  and  103. 

*  8,728,000  bushels,  net  exports  for  old  Kingdom  of  Bulgaria  for  calendar  years  (17, 1909-19tl),  minus  1,024,000 
bushels,  statistical  surplus  produced  in  ceded  territories.    See  Tables  29  and  103. 

'  Acreage  and  production  of  newly  acquired  territories,  estimated. 

*  0.428  bushel  seed  per  acre,  same  as  the  old  Kingdom. 
»  Same  as  "the  old  Kingdom  less  ceded  territory. 

10  Acreage  and  production  for  1921  to  1926  from  oflBcial  records  of  U.  S.  Department  of  Agriculture,  Bureau 
of  Agricultural  Economics. 
"  0.427  bushel  seed  per  acre  used  1921  to  1926,  as  indicated  in  pre-war  average. 
"  Net  exports  for  calendar  years  following  the  crop  years  {17, 1925-1927). 

Com  acreage,  since  the  World  War,  has  averaged  somewhat  lower 
than  pre-war  estimated  area  until  1924.  Production  since  1923  has 
been  above  the  pre-war  average  except  for  a  slight  falling  off  in  1924. 
Total  disappearance,  during  the  5-year  period  ended  1925,  has  aver- 
aged slightly  lower  than  that  estimated  for  1909-1912.  Exports 
have  averaged  4,635,000  bushels  as  compared  with  7,507,000  bushels, 
the  estimated  pre-war  surplus.  It  is  probable  that  com  production 
and  exportation  will  fluctuate  in  about  the  same  manner  as  before  the 
war  although  increased  population  may  tend  to  increase  the  domestic 
disappearance  somewhat  above  the  pre-war  normal. 

Most  of  the  corn  exported  from  Bulgaria,  in  recent  years,  has  been 
shipped  to  western  Europe,  France  being  the  heaviest  importer  in 
1924  and  Holland  in  1925.  This  is  in  contrast  with  the  exportation 
of  wheat  and  rye  which  were  for  the  most  part  shipped  to  Greece, 
Turkey,  and  the  Orient.     (Table  74.) 


110  TECHNICAL  BULLETIN  126,  TJ.  S.  DEPT.  OF  AGRICULTURE 


Table  74. — Corn:  Exports  from  Bulgaria,  by  countries,  1922-1925  (8,  Ann.  17, 

p. 


Country  to  which  exported 

1922 

1923 

1924 

1925 

Austria 

Short  tons 

11,  766 

1,605 

915 

Short  tons 
6,242 
6,421 

Short  tons 

19,859 

17,842 

1,045 

Short  tons 

Belgium 

17,  218 

Czechoslovakia 

4,336 

England 

1,047 

30,640 

933 

7,281 

719 

4,073 

10,049 

3,620 
75,637 

15,  316 

16,  436 
8,172 
7,993 
3,440 
2,069 

786 

1,794 
2,743 
8,358 

20,714 

Germany                  .  .  .  .  . .  . .  . 

10, 951 

Greece .  .- 

5,112 

Holland ..- -.- 

31,460 

8,392 
639 
869 

4,313 
14,436 

3,095 

3,102 

Italy 

1,481 

(0 

Russia                                                           .                       -  _ 

(0 

4,918 

357 

44,544 

Turkey - 

2,352 

187 

59,852 

554 

Yugoslavia 

Other  countries  and  undetermined  destination.-  .      .  .  .  . 

35,  726 

Total.  .-           

62,  027 

117, 124 

232,  719 

128,  337 

1  Less  than  1,000  pounds. 


POTATOES 


The  production  of  potatoes  was  relatively  unimportant  before  the 
World  War  and  the  use  of  potatoes  as  a  substitute  for  bread  had 
developed  slowly  in  Bulgaria  as  in  most  of  southeastern  Europe. 
Before  the  Balkan  war,  the  net  production  of  potatoes  in  Bulgaria 
reached  only  304,000  bushels.  (Table  75.)  A  statistical  surplus 
was,  however,  available  for  export  approximating  81,000  -bushels 
annually  during  the  4-year  period  ended  1912. 

Table  75. — Potatoes:  Statistical  balance  of  Bulgaria,    average   1909-1912,  1921- 
1925,  and  annual,  1921-1926 


District  and  year 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

Gross 

Neti 

Statis- 
tical 

Per 
capita' 

■ 

Pre-war  average,  1909-1912: 

Old  Kingdom  minus  ceded  territory'... 
Newly  acquired  territory 

1,000 
acres 

84 

1,000 
bushels 

5  181 

»103 

1,000 

bushels 

6  416 

»238 

1,000 
bushels 
193 
111 

1,000 
bushels 
204 
19 

Bushel 
0.06 
10.06 

1,000 
bushels 
7-11 
+92 

Present  territory 

11 

284 

654 

304 

223 

.06 

+81 

Post-war  period: » 

1921.. 

20 
20 
24 
24 
27 

13  616 
516 
620 
620 
697 

1,040 
1,360 
1,220 
1,819 
2,418 

420 

708 

478 

1,017 

1,479 

363 

581 

452 

1,013 

1,479 

.07 
.12 
.09 
.20 
.29 

13  +57 

1922 

13  +127 

1923.. 

13  +26 

1924 

13+4 

1925 

(») 

Average,  1921-1925    . 

23 

594 

1,671 

820 

777 

.16 

+43 

1926 

24 

620 

1,811 

1,010 

1,008 

.20 

13  +2 

1 10  per  cent  of  gross  production  also  deducted  for  decay  and  other  losses. 

*  For  populations  see  Table  67. 

»  Acreage  and  production  for  old  Kingdom  (S);  ceded  territories  calculated  from  (5). 

*  7,000  acres  seeded  in  old  Bulgaria.  Less  than  500  acres  in  territories  ceded  to  Yugoslavia,  and  Rumania. 
See  Tables  31  and  106. 

«  26.82  bushels  per  acre— estimated  to  be  the  same  seed  per  acre  as  Croatia  Slavonia  {22,  p.  27). 
«  442,000  bushels  minus  26,000  bushels  produced  on  ceded  territory.    See  Tables  31  and  106. 
7  Net  imports  for  calendar  years  for  the  old  Kingdom  of  Bulgaria  (17,  1924-25).    It  is  assumed  that  the 
ceded  territories  consumed  the  total  net  production. 

*  Estimated. 

«  Estimated  by  assuming  that  the  yield  per  acre  in  this  territory  was  the  same  as  in  the  old  Kingdom  less 
ceded  territories. 

10  Same  as  in  the  old  Kingdom  less  ceded  territories. 

"  Acreage  and  production  for  1921  to  1926  from  official  records  of  U.  S.  Department  of  Agriculture,  Bureau 
of  Agricultural  Economics. 

"  26.82  bushels  seed  per  acre  used  1921  to  1926  as  indicated  in  pre-war  average. 

"  Net  exports  for  calendar  years  (17, 1924-27). 

1*  Less  than  500  bushels  net  export. 
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Since  the  World  War  the  potato  area  in  Bulgaria  has  more  than 
doubled  and  there  has  been  a  proportional  increase  in  production. 
Average  disappearance  during  the  5-year  period  ended  1925  is  more 
than  three  times  that  estimated  as  normal  during  1909-1912.  A 
small  surplus  has  been  exported  each  postwar  year.  This  is  beyond 
doubt  a  permanent  development  in  Bulgarian  agriculture.  Neverthe- 
less climatic  conditions  are  unfavorable  to  building  up  the  potato- 
growing  industry  to  the  extent  reached  in  the  regions  of  light  soils 
and  abundant  rainfall  of  north  central  Europe. 

SUGAR  BEETS  AND  BEET  SUGAR 

The  beet-sugar  industry  of  Bulgaria  is  built  around  five  factories 
and  refineries,  all  of  which  are  operated  for  the  most  part  with  for- 
eign capital  (French,  Belgian,  and  Czechoslovak)  and  without  govern- 
mental control.  Although  these  factories  had  a  combined  capacity 
sufficient  to  supply  the  needs  of  the  country,  their  pre-war  production 
averaged  only  about  one-third  capacity^  so 'that,  before  the  Balkan 
War,  Bulgaria  was  obHged  to  import  sugar  to  a  considerable  extent. 

The  disappearance  of  sugar  in  Bulgaria  during  the  year  1914  has 
been  estimated  to  be  equivalent  to  29,706  short  tons  of  raw  sugar,  or  an 
average  of  12.3  pounds  (raw)  per  capita. 

Bulgaria  exported  no  sugar  before  the  Balkan  War.  The  import 
during  the  sugar  year  1914  amounted  to  the  equivalent  of  12,353  short 
tons  of  raw  sugar. 

Since  the  World  War  the  sugar  factories  have  operated  under  the 
handicap  of  a  shortage  of  beets.  The  peasants  have  held  out  for 
higher  prices,  which  the  factories  have  claimed  they  were  unable  to 
pay.  At  the  same  time  it  was  reported  that  some  of  the  factories 
made  a  clear  profit  as  high  as  140  per  cent  on  the  capital  invested  (44)- 
After  much  agitation,  the  factories  agreed  to  pay  820  leva^^  for  each 
metric  ton  of  beets  produced,  to  which  were  added  4.4  pounds  of 
refined  sugar  and  half  the  beet  pulp.  This  resulted  in  an  expansion 
of  beet  acreage  and  a  production  of  sugar  above  the  domestic  require- 
ments of  the  country  in  1924.  But  the  price  paid  for  beets  was  so 
high  that  the  factories  could  not  export  sugar  in  competition  with 
Czechoslovakia  on  a  basis  of  profit  comparable  with  their  former 
internal  operations.  The  sugar  cartel  petitioned  the  Government 
for  an  increase  in  import  duties  and  demanded  a  bounty  on  the  sugar 
exported.  This  the  Government  refused  to  grant  and,  as  the  fac- 
tories had  on  hand  sufficient  sugar  to  cover  domestic  demand  for 
about  a  year,  they  shut  down  and  the  whole  industry  was  brought  to 
a  standstill. 

In  recent  years  the  statistical  disappearance  of  sugar  in  Bulgaria 
had  increased  each  year  until  1925,  when  it  reached  a  maximum  of 
35,806*^  short  tons.  In  1926,  there  was  a  decrease  to  31,912  short 
tons.  As  production  increased,  the  importation  of  sugar  had  steadily 
fallen  off  between  1922  and  1924  but,  after  the  factories  had  shut  down 

w  The  principal  drawback  to  the  Bulgarian  sugar  Industry  has  been  the  conservatism  of  the  peasants  in 
taking  up  the  cultivation  of  a  crop  with  which  they  were  unfamiliar  and  which  required  much  hand  labor. 
The  industry  is  comparatively  new.  Only  one  plant  operated  between  1898  and  1913,  at  which  time  two 
new  plants  were  put  into  operation.  In  1914,  two  additional  factories  were  installed.  The  daily  capacity 
of  these  factories  is:  Russe,  1,643  short  tons  of  beets;  Sofljaand  Oorna  Orjechovica,  1,102  short  tons  of  beets 
each;  Kayali,  882  short  tons;  and  Plovdiv,  551  short  tons.  In  1925  a  concession  was  granted  to  establish  a 
factory  at  Pleven  to  be  run  on  cooi>erative  lines  with  the  assistance  of  local  authorities. 

*i  At  the  1924  average  yearly  value  of  the  lev  (0.728  cent),  this  would  be  equivalent  to  $5.42  per  short  ton. 

*>  All  sugars  reduced  to  terms  of  raw  sugar,  calculated  at  the  ratio  of  100  refined  •-114  raw. 
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for  the  season  of  1925,  there  was  a  sharp  increase  in  imports,  totahng 
11,009  ^^  short  tons,  during  that  calendar  year.  Toward  the  close 
of  the  year  the  Government  increased  the  import  duty  on  sugar 
and  the  factories  contracted  for  nearl}^  50,000  acres  of  beets  for  the 
season  1926-27.  The  area  harvested  was  49,400  acres,  producing 
330,700  short  tons  of  beets.  There  was  a  falling  off  in  area  to  39,000 
acres  in  1927  (Table  76). 

Table  76. — Sugar  beets  and  sugar:  Acreage  and  production  of  heets,  production, 
import,  and  disappearance  of  sugar  in  Bulgaria,  1914  o,i^d  1921-1926 


Sugar  beets 

Raw  sugar  i 

Year 

Acreage 

Produc- 
tion 

Produc- 
tion 

Released 
by  fac- 
tories 

Import 

Disap- 
pearance 

1914 

Acres 
36, 610 
30,030 
25,201 
49, 670 
64,113 
2  2,600 
49,400 

Short  tons 
209, 984 
129,494 
165,538 
352,468 
445,  635 
17,800 
330,  700 

Short  tons 
26, 602 
16,008 
22,040 
33,329 
48,034 
1,971 
40,000 

Short  tons 
17, 353 
17,046 
17, 499 
23,654 
26,005 
24,  797 
31,912 

Short  tons 

12, 353 

3,040 

5,442 

3,319 

1,979 

11,009 

0 

Short  tons 
29,706 

1921 

20,086 

1922                               

22, 541 

1923 

26,973 

1924 

27,984 

1925. 

35,806 

1926 

31,912 

1914-1925,  sugar  production,  amount  released  by  factories,  import,  and  disappearance  (8,  Ann.  17,  p.  SOO); 
1926  from  report  of  Consul  Stuart  Lupton,  dated  Sept.  9,  1927. 
Sugar  beet  area  and  production  1921-1924  (8,  Ann.  17,  p.  129);  1925  and  1926  (28);  and  1914  (8  Ann.  5-14). 

1  Converted  from  refined  on  the  basis  raw  equak:  refined  :  :  114  :  100. 

2  Largely  seed  beets  and  breeding  plots  in  connection  with  factory  development. 

The  Bulgarian  peasants  are  well  adapted  to  the  development  of 
specialized  industries  just  as  are  the  Czechs.  They  can  easily  develop 
sugar  production  to  the  full  needs  of  the  country  and  to  create  a 
surplus  for  exportation. 

As  a  sugar-exporting  country  Bulgaria  can  not  compete  with 
Czechoslovakia.  Each  year  during  the  4-year  period  ended  1924-25 
Czechoslovalda  planted  an  average  of  596,133  acres,  producing 
6,049,941  short  tons  of  beets,  from  which  1,057,680  short  tons  of 
raw  sugar  were  obtained.  During  the  same  period  Bulgaria  averaged 
42,254  acres,  273,284  short  tons  of  beets,  and  29,853  short  tons  of 
raw  sugar.  The  yield  of  beets  per  acre  in  Czechoslovakia  was  10.1 
short  tons  against  6.5  in  Bulgaria.  One  ton  of  beets  yielded  0.175 
short  ton  of  sugar  in  the  former  country  against  0.109  short  ton 
in  the  latter.  Of  necessity,  export  trade  must 'be  developed  with 
those  countries  (probably  to  the  south)  that  offer  to  the  Bulgarian 
sugar  industry  the  advantage  of  proximity  of  markets  or  advantageous 
trade  relationships. 

TOBACCO 

The  most  pronounced  change  in  the  agricultural  situation  in 
Bulgaria,  since  the  World  War,  has  been  the  advance  in  the  exporta- 
tion of  tobacco,  which  has  increased  from  a  position  of  relative  imim- 
portance  in  value,  to  first  place  among  the  native  products  sent 
abroad.  The  old  Kingdom  of  Bulgaria  exported  about  4,492,000 
pounds  of  tobacco  annually  during  1909-1912.  This  tobacco  export 
was  valued  at  1,746,067  leva  or  $336,991.^^    In  1925,  the  shipment  of 

M  All  sugars  reduced  to  terms  of  raw  sugar,  calculated  at  the  ratio  of  100  refined  "114  raw. 
"  The  par  value  of  the  lev  was  19.3  cents. 
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leaf  tobacco  from  Bulgaria  reached  74,179,000  pounds,  valued  at 
2,329,022,621  leva  or  $17,041,459.'^  In  addition,  shipments  of  manu- 
factured tobacco  totaled  98,105  pounds  valued  at  3,913,415  leva 
or$28,634.«* 

Foremost  among  the  several  factors  associated  with  this  increase 
in  the  quantity  of  tobacco  exported  from  Bulgaria  was  the  acquisition 
of  extensive  tobacco-producing  districts  from  Turkey  at  the  close  of 
the  Balkan  War. 

The  most  important  district  for  the  production  of  those  small  leaved, 
highly  aromatic  sorts  of  tobaccos  generally  known  as  "Turkish"  has 
centered  for  many  years  in  the  former  Ottoman  Provinces  of  Mace- 
donia and  Thrace.  The  belt  in  which  ''Turkish"  tobacco  could  be 
cultivated,  extended  northward  beyond  the  boundaries  of  the  former 
Turkish  Empire  into  the  southern  provinces  of  the  old  Kingdom  of 
Bulgaria  and  Serbia,  west  into  Herzegovina  and  Montenegro,  south 
into  the  old  Kingdom  of  Greece  (both  mainland  and  islands)  and 
across  the  iEgean  Sea  into  Asia  Minor. 

At  the  end  of  the  World  War,  the  very  heart  of  this  rich  tobacco- 
producing  area,  which  had  formerly  been  part  of  Turkey  in  Europe, 
was  annexed  by  Greece.  A  portion  of  Macedonia,  now  included  in  the 
district  caUed  south  Serbia,  was  incorporated  in  Yugoslavia,  and  the 
northern  parts  of  Thrace  and  Macedonia  were  annexed  by  Bulgaria. 
Although  the  tobacco  produced  in  this  newly  acquired  territory  was 
not  of  the  very  high  ''aromatic"  quahty  produced  about  Xanthe  or 
Mahala  in  Greece,  it  was  greatly  superior  to  the  grades  formerly 
produced  in  the  old  Kingdom  of  Bulgaria. 

For  many  years  before  the  World  War,  tobacco  growing  in  the  old 
Kingdom  of  Bulgaria  had  been  an  important  industry  in  the  counties 
of  Plovdiv  and  Starazagora  in  south  Bulgaria  and  in  Kyustendil 
in  south  west  Bulgaria.  In  the  hill  regions  the  better  grades  of 
''basma"^^  were  practically  equal  in  quahty  to  the  better  grades  of 
similar  Turkish  export  tobacco.  Much  of  the  tobacco  produced  in 
the  southern  counties  of  the  old  Kingdom  was  of  the  coarser  bachi- 
bali  grade  or  of  even  lower  quahty  not  suitable  to  meeting  the  require- 
ments of  the  export  trade.  In  the  northeastern  counties  of  Varna 
and  Sumen  an  inferior  quality  of  tobacco  was  produced,  practically 
aU  of  which  was  consumed  domestically. 

Before  the  Balkan  war  the  total  area  under  tobacco  in  the  old 
Kingdom  averaged  21,159  acres,  pY-oducing  14,512,000  pounds,  of 
which  about  4,492,000  pounds  were  exported  and  10,020,000  pounds 
were  consumed  domestically. 

Bulgaria  transferred  to  Rumania  and  Yugoslavia  territories  in 
which  the  pre-war  tobacco  area  averaged  2,807  acres,  producing 
1,794,000  pounds.  The  local  inhabitants  consumed  about  1,249,000 
pounds  annually,  releasing  approximately  545,000  pounds  for  ship- 
ment to  other  parts  of  the  Kingdom.  Little  or  none  of  this  tobacco 
was  suitable  for  export. 

The  estimated  area  under  tobacco  in  the  newly  acquired  territories 
averaged  9,505  acres,  which  was  equivalent  to  44.9  per  cent  of  the  acre- 

**  During  1925,  the  average  value  of  the  lev  was  0.7317  cent. 

«  These  tobaccos  are  "  manipulated  "  after  drying;  that  is,  they  are  assorted,  leaf  by  leaf,  according  to  sire, 
shape,  and  color.  The  small  leaves  of  an  oval  or  oblong  form  with  extremely  fine  stems  and  veins  are  called 
" basma ".  The  next  grade  called  "  bachi-bali "  (Turkish  for  thick  head)  includes  different  sited  leaves  with 
coarse  veins  and  stems. 

44874°— 29 8 
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age  formerly  planted  in  the  old  Kingdom  and  more  than  three  and 
one-third  as  great  an  area  as  was  devoted  to  tobacco  in  the  ceded  dis- 
tricts. Annual  production  averaged  6,210,000  pounds  of  which  the 
local  population  consumed  826,000  pounds,  releasing  5,384,000  pounds 
for  export. 

Based  upon  these  estimates  the  pre-war  area  under  tobacco  in  the 
territories  comprising  the  present  Kingdom  of  Bulgaria  is  computed  to 
be,  as  indicated  in  Table  77,  approximately  27,857  acres.  Production 
averaged  about  18,928,000  pounds  and  disappearance  9,607,000 
pounds  or  approximately  2.2  pounds  per  capita.  The  pre-war  export- 
able surplus  thus  averaged  about  9,321,000  pounds  each  year. 


Table  77. — Tobacco: 


Statistical    balance  of  Bulgaria,  average   1909-1912,  1921- 
1925,  and  annual,  1921-1927 


District  and  year 

Acreage 

Produc- 
tion 

Disappearance 

Export- 
able 
surplus 

Statistical 

Per  capita 

I're-war  average,  1909-1912: 

Old  Kingdom  minus  ceded  territory. 

1  18,  352 
9,505 

1,000  lbs. 

1  12, 718 

6,210 

1,000  lbs. 

8,781 

826 

Pounds 

2.20 

3  2.20 

1,000  lbs. 
2  3, 937 

Newly  acquired  territory    .  . 

5,384 

Present  territory 

27, 857 

18, 928 

9,607 

2.20 

9,321 

Post-war  period: 

1921 

57,914 
83,098 
147, 316 
121, 896 
126, 021 

35,923 
58, 077 
118, 951 
108, 447 
89, 948 

*  44, 561 

*  64, 244 
<  37,  893 

*  70, 041 

*  74, 277 

1922 

1923 

81,058 
38,406 
15,  671 

16.18 
7.59 
3.07 

1924.         

1925 

Average  1921-1925 

107, 249 

82,269 

58,203 

1926 

78,000 
63,000 

59, 942 
34, 811 

61,068 

1927          

Acreage  and  production  for  1901-1912,  old  Kingdom  less  ceded  territory,  calculated  from  (9). 
1909-1912,  newly  acquired  territory  estimated. 
1921-1924  (9,  1924,  p.  66). 

1925  {17,  1925-26). 
1326  and  1927(78),  (8). 

Exports  1921-1924  {11);  and  1925  {12). 

1926  preliminary,  from  Economic  and  trade  note  by  Wm.  E.  Nash,  American  trade  commissioner.  Mar. 
18,  1927. 

1  Total  acreage  for  old  Kingdom,  21,159  acres,  and  production,  14,512,000  pounds  {9). 

2  Estimated  by  assuming  the  exports  to  be  the  same  proportion  to  production  as  in  the  old  Kingdom. 
New  exports  for  old  Kingdom,  4,492,000  pounds  {11). 

3  Estimated  to  be  the  same  as  the  old  Kingdonq  less  ceded  territory. 

<  1921  includes  128,000  pounds  cigarettes  and  manufactured  tobacco;  1922  includes  255,000  pounds;  1923, 
85,000  pounds;  1924,  78,000  pounds;  and  1925,  98,000  pounds. 

Not  only  did  Bulgaria  acquire  actual  territory  from  Turkey  at  the 
close  of  the  Balkan  War  in  which  tobacco  growing  was  the  chief 
occupation;  but,  during  and  after  that  war  many  refugees  from  the 
battle  sites  in  Macedonia  and  Thrace  emigrated  to  Bulgaria.  As  a 
large  number  of  these  immigrants  into  Bulgaria  had  been  engaged  in 
tobacco  production,  they  brought  with  them  special  knowledge  ac- 
quired in  the  southern  Turkish  tobacco  districts  as  well  as  seeds  of  new 
varieties.  These  they  put  to  use  in  the  tobacco-growing  districts  of 
Bulgaria. 

In  the  meantime  the  former  Turkish  tobacco  industry  had  been 
disrupted.  Extensive  areas  had  been  devastated,  population  had 
been  decimated,  and  production  curtailed.  Prices  were  good  and, 
under  the  stimulus  of  profitable  demand  and  ready  markets,  acreage 
in  Bulgaria  increased.     By  1921,  the  acreage  under  tobacco  in  the 
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new  Kingdom  was  more  than  double  what  it  had  been  in  these  same 
territories  during  1909-1912.  In  that  year,  the  actual  exportation  of 
tobacco  was  neariy  five  times  as  large  as  had  been  the  average  surplus 
available  for  export  before  the  Balkan  War. 

Tobacco  areas  continued  to  increase,  until  the  bumper  year  of  1923, 
when  the  maximum  of  147,316  acres  was  reached.  This  large  acreage 
and  production  were  coincident  with  a  practical  suspension  of  tobacco 
shipments  from  Greece.^     During  the  year  1924,  fully  70,041,000 

f)ounds  of  leaf  and  manufactured  tobacco  were  exported,  and  the  fol- 
owing  year  74,277,000  pounds  were  shipped  abroad. 

Before  the  Balkan  War  the  old  Kingdom  of  Bulgaria  exported  leaf 
tobacco  to  Egypt,  Austria-Hungary,  Germany,  Turkey,  Belgium, 
Italy,  and  even  to  Samos  and  Syria.  The  tobacco  grown  about 
Khaskovo  was  much  sought  after  by  the  factories  in  Samos. 

In  1925  leaf  tobacco  exports  went  to  Germany,  26,388,213  pounds; 
14,022,372  pounds;  Czechoslovakia,  9,910,347  pounds;  Austria, 
9,793,365  pounds;  Poland,  5,779,017  pounds;  Belgium,  2,230,389 
pounds;  Holland,  2,113,570  pounds;  Hungary,  1,857,391  pounds;  and 
2,084,044  pounds  to  other  countries,  including  713,966  pounds  to  the 
United  States. 

In  addition  to  exports  of  leaf  tobacco,  Bulgaria  exported  94,606 
pounds  of  cigarettes.  Austria,  Turkey,  Rumania,  and  Germany 
were  the  chief  customers.  A  small  quantity  of  manufactured  tobacco, 
(3,499  pounds)  was  sent  to  Austria  and  other  countries. 

Up  to  1923,  there  was  no  effort  on  the  part  of  the  State  to  regulate 
the  tobacco  industry  of  the  Kingdom,  but  in  that  year  a  tobacco  law 
was  enacted,  regulating  every  phase  in  the  industry,  which  was  already 
loaded  with  district  and  township  taxes  and  high  export  duties.  It 
became  increasingly  difficult  for  Bulgaria  to  meet  the  competition  of 
Greece  and  Turkey  and  only  the  finest  grades  of  leaf  found  a  ready 
market.  The  industry  suffered  from  overproduction  of  the  medium 
and  low  grades  and  by  the  end  of  1925  about  88,000,000  pounds  of  old 
crops  remained  in  the  country  unsold,  in  addition  to  the  90,000,000 
pounds  harvested  in  that  year. 

Merchants  and  manufacturers  were  so  overtaxed  and  overregulated 
that  the  entire  tobacco  industry  became  stagnant.  Several  firms 
moved  their  businesses  to  Turkey.  Before  the  close  of  the  year  a 
law  was  passed,  which  cut  the  export  duties  on  the  crop  of  1925  in 
half  and  permitted  free  export  in  1926.  Inspite  of  these  modifications 
of  the  regulations,  the  1926  area  of  tobacco  dropped  to  78,000  acres 
and  preliminary  estimates  indicated  a  further  drop  to  63,000  acres 
in  1927.  This  indicates  that  the  spectacular  flurry  in  the  Bulgarian 
tobacco  industry  is  at  an  end,  and  that  future  areas  and  production 
will  be  more  in  keeping  with  the  world  demand  for  such  grades  of 
tobacco  that  Bulgaria  can  produce.  The  crises  in  the  Macedonian 
and  Turkish  industries  created  an  artificial  demand  for  northern- 
grown  tobacco;  but,  now  that  these  crises  are  over,  the  countries  to 
the  south  are  again  competing  for  the  American  and  European  trade. 

Little  if  any  of  the  tobacco  produced  in  Bulgaria  is  of  the  cigar  or 
pipe-tobacco  types.    It  is  strictly  a  cigarette  tobacco  and  as  such  must 

»« In  1922  the  Greek  Government  required  that  40  per  cent  of  the  foreign  money  received  in  payment  for 
tobacco  exportations  be  sold  to  the  tretisury  at  a  rate  of  exchange  much  below  that  current  in  business  trans- 
actions. At  the  end  of  1923  much  of  the  1921  crop  and  practically  all  of  the  1922  crop  was  still  stored  in  ware- 
houses and  no  offers  of  purchase  were  made  for  the  crop  of  1923.  There  was  practically  no  movement  of 
tobacco  from  Grecian  ports  until  April,  1924,  after  the  export  law  had  been  greatly  modified.  Only 
42,000,000  pounds  were  exported  during  that  year. 
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compete  with  the  Grecian  and  Turkish  products.  This  northern- 
grown  tobacco  can  not  compete  with  the  prime  classes  of  the  highly 
aromatic  varieties  produced  in  Greece,  but  can  meet  on  a  plane  of 
equality  only  the  second  and  low-grade  sorts.  It  was  reported,  in 
1924,  that  Bulgarian  and  Virginia  tobaccos  had  superseded  Grecian 
tobacco  in  the  Baltic  States  and  was  meeting  with  favor  in  Germany. 
In  1926  Germany  was  the  chief  purchaser  of  Bulgarian  tobacco 
followed  by  Italy,  Czechoslovakia,  and  Holland  in  the  order  named. 
As  shown  in  Table  78,  total  exports  reached  61,068,000  pounds. 

Table  78. — Tobacco:  Ex-ports  from  Bulgaria  by  countries,  1922-1926 
[In  thousand  pounds — i.  e.,  000  omitted] 


Country  to  which  exported 

1922 

1923 

1924 

1925 

1926 

Germany 

33,347 

16,397 

6,030 

2,326 

1,363 

1,488 

1,168 

1,047 

459 

286 

61 

40 

1 

1,241 

6,666 

8,745 

5,182 

753 

889 

14, 245 

872 

311 

117 

52 

1 

1 

11 
48 

24,102 

10, 257 

13,  973 

2,560 

3.306 

7,121 

787 

2,039 

426 

4,538 

104 

102 

1 

725 

26,396 

14,026 

9,912 

1, 859 

2,115 

9,856 

714 

2,231 

442 

5,779 

288 

110 

49 

500 

20, 553 

Italy - 

11,262 

8,539 

Hungary 

0) 

Holland 

5,464 

Austria 

3,080 

United  States 

(1) 

2,231 

Egypt 

1,018 

Poland 

3,454 

Great  Britain 

251 

France 

494 

Switzerland  __                  .         .... . 

94 

Other  countries 

4,628 

Total 

64,244 

37, 893 

70,041 

74, 277 

61,068 

1922-1925,  compiled  from  (8,  Ann.  17,  p.  276). 

1926,  from  economic  and  trade  note  March  18,  1927,  Wm.  E.  Nash,  American  trade  commissioner. 

1  If  any,  included  in  other  countries. 

After  the  tobacco  is  sun  dried,  the  producer  assorts  the  leaves 
according  to  color  and  size,  binding  six  selected  leaves  of  similai 
quaUty  into  a  packet  called  a  ''pastal."  The  pastals  are  then  piled 
into  the  form  of  an  oblong  bale  in  such  a  way  that  they  can  be  readily 
examined.  Burlap  is  placed  at  each  end  of  the  bale,  which  is  so  bound 
that  four  sides  are  left  uncovered  to  permit  free  circulation  of  the 
air  and  easy  examination  of  individual  pastals. 

When  these  bales  of  pastals  are  received  at  a  merchant  warehouse 
the  leaves  are  moistened  by  an  expert  to  minimize  breakage  during 
the  process  of  sorting  and  classification  which  follows.  The  pastals 
are  first  roughly  classified  according  to  size  and  color  into  piles,  from 
which  expert  graders  take  each  leaf  separately.  The  tobacco  is  then 
examined  leaf  by  leaf  and  packed,  with  the  stem  toward  the  center, 
into  the  pressing  frame.  After  the  frame  is  full,  the  leaves  are  pressed 
and  bound  into  a  compact  bale  with  a  protection  of  burlap  at  the  ends 
only,  four  sides  being  left  open  to  permit  of  circulation  air  and 
inspection  of  the  leaf.  Usually  two  girls  handle  the  basma  grades 
to  each  five  or  six  handling  the  bachi-bali  or  common  grade. 

During  transportation  from  the  producer  to  the  merchant's  ware- 
house there  is  a  shrinkage  of  about  2  per  cent.  During  manipula- 
tion, there  is  a  shrinkage  of  2  to  5  per  cent;  and,  between  that  time 
and  exportation,  from  2  to  4  per  cent.  Normal  shrinkage  is  about 
6  to  10  per  cent.  From  2  to  8  per  cent  of  the  tobacco  becomes  scrap, 
most  of  which  is  consumed  locally. 


A.GRICULTTJBAL  SURVEY  OF  EUROPE 


117 


In  a  broad  sense  the  tobacco  industry  of  Bulgaria  (as  far  as  the 
exportation  of  the  basma  and  bachi-bali  grades  is  concerned)  is  a 
part  of,  or  is  intimately  associated  with,  the  tobacco  industry  of 
Greece,  Turkey,  and  Yugoslavia. 

The  production  of  tobacco  in  this  Balkan- Asia  tic  region  in  1923 
was  nearly  double  and  in  1924  was  more  than  double  that  of  1920. 
(Table  79.) 

Table  79. — Tobacco:  Production  in  specified  countries,  1920-1926 
[In  thousand  pounds— i.  e.,  000  omitted] 


Country 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

Bulgaria 

64,599 
17,  210 
69,850 
31,306 

35,923 

26,046 

49.863 

113,889 

58,077 
20,704 
56,857 

118,951 
38,231 

127,358 
57,298 

108,447 

78,663 
75,469 
115,  415 

89,948 
26,590 
129,243 
118,356 

59,942 
32,682 
120, 169 

YuRoslavia .. 

Greece 

Turkey 

88, 184 

Total... 

182,964 

125,  721 

341,838 

377,994 

364,137 

300,977 

1920-1926  for  Bulgaria,  Yugoslavia  and  Greece,  compiled  from  (/7, 192S,  19t5-t6;  18  [v.]  18). 
1920  and  1921  for  Turkey,  compiled  from  Consular  Report  No.  37153,  June  30,  1921. 
1923-1926  from  Commerce  Report  No.  49018,  Athens,  dated  Feb.  3, 1927. 
>  Falling  off  in  1921  on  account  of  war  in  Anatolia. 
*  Not  available. 


COTTON 

There  were  7,640  acres  of  cotton  reported  under  cultivation  in 
Bulgaria  in  1925-26,  7,000  acres  in  1926-27,  and  22,000  acres  in 
1927-28.  Production  during  these  three  years  was  815,482  poimds, 
1,500,000  pounds,  and  4,600,000  pounds,  respectively. 

In  1925  Bulgaria  imported  486,736  pounds  of  raw  cotton.     (Table  80. ) 

Table  80. — Cotton,  raw:  Imports  into  Bulgaria  by  country  of  origin,  1922-1925 

(8,  Ann.  17,  p.  248) 


Imported  from— 

1922 

1923 

1924 

1925 

Greece                   .            

Pounds 
19, 321 
14,156 
10,582 
3,135 
893 

Pounds 

51 
22,648 
43,569 

Pounds 

Pounds 

Turkey 

Italy 

13,228 

436,321 

Egypt                                                                                 

United  States 

1,122 
122 

. 

50,413 

Germany                                                                   .      .      

12 

Czechoslovakia 

13,370 

Total 

48,087 

67, 412 

28,598 

486,736 

Probably  samples  received  by  mail. 


LIVESTOCK 


Field-crop  production  predominates  in  the  farming  operations  con- 
ducted in  Bulgaria.  The  livestock  maintained  by  each  peasant  is 
usually  restricted  to  those  animals  that  are  economically  essential 
to  the  conduct  of  farm  work  or  to  supply  the  irnmediate  simple 
food  and  clothing  requirements  of  the  peasant  family.  Bulgarian 
agriculture  is  characterized  by  small  holdings  of  croD  lands  divided 
into  minute,  irregularly  shaped,  scattered  plots,  which  are  unfenced. 
The  pasture  lands  that  are  owned  us  common  property  by  the  village 
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community  afford  very  poor  grazing.  Except  in  rare  cases,  it  is 
impracticable  for  a  peasant  to  graze  large  animals  on  his  little  parcels 
of  land,  and  the  number  of  animals  that  he  is  allowed  to  graze  in  the 
common  village  pasture  is  limited  by  the  regulations  of  the  village 
council. 

These  conditions  inhibit  the  general  development  of  an  animal 
industry  throughout  Bulgaria.  In  a  few  instances  a  peasant  is  so 
situated  that  it  is  possible  to  maintain  livestock  on  a  commercial 
scale.  There  are  a  few  farms  on  which  sheep  herding  or  cattle  breed- 
ing or  (more  seldom)  hog  production  are  the  chief  sources  of  income. 
Among  494,950  owners  of  livestock  in  1905,  only  8,752  are  reported 
as  engaged  in  animal  industry  as  their  principal  occupation. 

The  Bulgarian  peasants  rarely  eat  beef.  Their  staple  meat  diet 
is  pork  interspersed  with  lamb  at  certain  seasons  of  the  year;  occa- 
sionally a  sheep  or  goat  is  slaughtered  for  food.  Only  in  Sofija  and 
certain  other  of  the  larger  cities  is  a  regular  supply  of  fresh  meat  on 
sale.  The  consumption  of  meat  is  restricted  even  in  the  cities.  The 
demand  for  prime  cuts  is  so  low  that  there  is  Uttle  incentive  to  feed 
animals  exclusively  for  slaughter  and  much  less  encouragement  to 
breed  high-grade  beef  and  mutton  types.  Consequently,  the  breeding 
of  livestock  (particularly  cattle)  is  at  a  very  low  stage  in  Bulgaria. 

Cattle  are  produced  in  Bulgaria  almost  exclusively  for  work.  As 
shown  in  Table  81,  the  value  of  the  work  done  by  cattle  in  1910  was 
estimated  at  $33,408,000,  whereas  the  beef  and  veal  produced  amount- 
ed to  only  $2,663,000.  Even  though  dairying  is  at  a  very  low  stage 
of  development,  the  value  of  milk  produced  in  this  year  exceeded  that 
of  meat  in  the  case  of  cattle,  water  buffaloes,  and  goats  and  was 
about  equal  to  the  value  of  meat  in  the  case  of  sheep. 

Work  constituted  about  57  per  cent  of  the  value  returned  to 
Bulgarian  farmers  by  their  livestock  in  1910.  Meat  was  considered 
of  secondary  importance  being  16.3  per  cent  of  the  total  income 
derived  from  animals,  followed  by  milk  at  about  12.2  per  cent. 


Table  81. 


-Income  derived  from  specified  livestock  and  livestock   prodiocts,   old 
Kingdom  of  Bulgaria,  1910  (25,  p. 


[In  thousands — i. 

e.,  000  omitted] 

Class 

Meat,  and 

live  animals 

exported 

Milk 

Wool,  hair, 
and  bristles 

Eggs 

Manure 

Work 

Total 

Horses  .. 

Leva 

Dolls. 

Leva 

Dolls. 

Leva 

Dolls. 

Leva 

Dolls. 

Leva 
4,800 
100 
300 
8,000 
2,100 
8,700 
1,500 

Dolls. 

926 

19 

58 

1,544 

405 

1,679 

290 

Leva 

102,600 

2,200 

6,900 

173, 100 

36,400 

Dolls. 

19,802 

425 

1,332 
33,408 

7,025 

Leva 

107,  400 

2,300 

7,200 

216,200 

55,700 

79,600 

15,800 

30,200 

37,100 

16,900 

2  3,400 

1,500 

Dolls. 
20,728 

Mules 

444 

1,390 

Cattle 

13,800 
5,200 

26,900 
4,600 

29,800 

10,200 

2,663 
1,004 
5,192 
888 
5,751 
1,969 

21,300 
12,000 
26,200 
9,100 

4,111 
2,316 
5,057 
1,756 

41,  726 

Buffaloes 

10,  750 

Sheep 

Goats 

17,800 
600 
400 

3,435 
116 

77 

15,  363 

3,050 

Swine 

5,828 

26,900 

5,192 

7,161 

Bees 



1,332 

..  - 

656 

Fish 

1,500 
92,000 

289 

289 

Total- - 

17,756 

68,600 

13,  240 

18,800 

3,628 

26,900 

5,192 

25,500 

4,921 

321,200 

61,992 

3563,300 

3108,  717 

Value  of  the  leva  at  par  used,  19.3  cents. 
'  For  honey. 

2  For  cocoons. 

3  Includes  the  value  of  honey  and  cocoons. 
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The  old  Kingdom  of  Bulgaria  was  surpassed,  in  Europe,  only  by- 
Greece  in  the  number  of  sheep  and  goats  per  100  inhabitants  in  1910; 
by  Denmark  and  Sweden  in  the  number  of  cattle  (including  water 
buffaloes);  and  by  Denmark,  Rumania,  and  Russia  in  the  number 
of  horses. 

During  the  later  centuries  that  Bulgaria  was  under  Turkish  domi- 
nation, considerable  attention  was  paid  to  horse  breeding,  and  a 
fairly  characteristic  breed  was  developed  through  systematic  cross- 
ing of  Arabian  blood  on  the  sturdy  ponylike  horses  that  the  Bulgars 
had  brought  with  them  from  the  steppes  of  Russia.  In  recent  years, 
before  the  World  War,  the  Bulgarian  Government  attempted  in  a 
small  way  to  stimulate  breeding  by  extending  credits  to  private 
purchasers  of  pedigreed  stock  and  by  maintaining  breeding  stations 
under  the  direction  of  the  State.  But  these  undertakings  were  inade- 
quate to  the  needs  of  the  country,  though  the  status  of  horse  breeding 
was  somewhat  better  than  that  of  cattle.  In  many  villages  not  even 
a  bull  of  the  native  unimproved  breeds  was  to  be  found.  During 
the  recent  Balkan  War  with  Turkey  and  subsequently  during  the 
World  War,  the  best  anunals  were  requisitioned  for  military 
purposes. 

Since  the  World  War  Bulgaria  has  been  compelled,  by  the  terms 
of  the  treaty  of  Neuilly,  to  surrender  to  Rumania  and  Yugoslavia 
many  thousands  of  animals,  which  naturally  were  selected  from  the 
best  individuals  remaining  after  the  inroads  of  military  requisitions. 
As  a  result,  Bulgarian  stocks  of  animals  are  greatly  depleted  and  the 
average  quality  is  far  below  that  of  the  low  level  of  pre-war  days. 
Efforts  are  now  being  made  to  improve  conditions  and  two  commis- 
sions have  been  sent  to  purchase  breeding  animals  in  Switzerland, 
Germany,  Austria,  and  Hungary. 

Reparation  payments  do  not  appear  in  the  oflficial  statistics  of 
Bulgaria  so  that  the  exportation  of  live  animals,  as  shown  in  Table 
82,  are  in  addition  to  those  sent  to  the  countries  of  the  AUies  in  pay- 
ment of  reparations.  Between  1922  and  1925,  live  animals  were 
exported  almost  exclusively  to  Greece  and  Turkey. 

Table  82. — Livestock:  Exports  from  Bulgaria,  1922-1925  (8,  Ann.  17,  p.  269) 


Livestock  and  destination 

1922 

1923 

1924 

1925 

Buffaloes: 

Greece 

Number 
16 

687 

Number 

Number 
826 
370 

Number 

3,393 

337 

Turkey 

170 

Total 

602 

170 

1,196 

3,730 

Cattle: 

Greece 

288 
2,393 

2 

842 

10,823 
2,951 

18,830 

Turkey , 

1,888 

Total 

2,681 

844 

13,774 

20,718 

Sheep: 

Greece 

8,335 

79,668 

27 

1  844 
321387 

55,560 
57,029 

140  617 

Turkey 

139,352 

Rumania ._ 

Yugoslavia 

255 

Total 

88,030 

34.231 

112.589 

280,224 

Lambs: 

Greece 

2,477 
6,386 

167 
3,402 

1,957 
3,062 

22,508 
3,700 

Turkey 

Austria... 

Russia 

2 

::::::::;: 

Total 

7,864 

3,669 

6,020 

26,208 
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Table  82. — Livestock:  Exports  from  Bulgaria,  1922-1925  (8,  Ann.  17,  p. 

Continued 


Livestock  and  destination 

1922 

1923 

1924 

1925 

Goats: 

Greece                            -                                                 -      - 

Number 

520 

7,020 

Number 

147 

1,348 

Number 
17, 914 
4,555 

1 

Number 
40,583 
4,034 

Turkey - - 

Total - 

7,540 

1,495 

•22,  m 

44, 617 

Pigs: 

Greece 

661 

2,279 

1 

646 

569 

9 

3 

42 

1,327 
626 

Turkey    - 

1,882 
4 

Rumania 

3 

Yugoslavia 

2 

Other  countries --  -.. 

2 

7 

17 

Total 

2,943 

1,893 

1,269 

1,975 

HORSES 

The  agricultural  use  of  horses  in  Bulgaria  had  been  increasing 
before  the  outbreak  of  the  World  War.  Horse  breeding  was  carried 
on  extensively  for  several  hundred  years,  under  the  Turks,  during 
which  time  the  characteristics  of  the  mixture  of  native  horses  brought 
into  the  country  by  the  Slavs  and  other  peoples  were  greatly  modified 
and  improved.  A  fairly  uniform  type  of  horse  has  been  developed. 
In  north  Bulgaria  the  average  run  of  village  horses  is  far  superior  to 
those  found  in  Rumanian  or  Serbian  villages.  At  the  time  of  the 
liberation  of  Bulgaria  from  the  Turkish  yoke  horse  breeding  was 
disrupted.  The  Bulgarian  Government  imported  a  few  purebred 
horses  and  established  several  breeding  stations  throughout  the 
country  before  the  World  War,  but  not  of  the  magnitude  of  the 
breeding  operations  of  the  former  Turkish  rulers.  At  present  the 
Ministry  of  Agriculture  directs  the  work  of  improving  draft  animals 
whereas  the  Ministry  of  War  has  charge  of  improving  the  quality  of 
native  horses  for  remounts  and  artillery  uses. 

In  1920  there  were  1,182  horses  of  foreign  origin  in  Bulgaria  and 
only  2,123  offspring  of  foreign-bred  horses  crossed  on  native  stock. 
There  were  7,767  stallions  registered  as  breeding  animals.  There 
were  10,152  unregistered  stallions  used  as  saddle  horses  and  27,142 
used  as  pack  and  draft  animals.  Under  the  conditions  prevaiHng 
in  Bulgaria,  these  inferior  animals  undoubtedly  produced  offspring. 

Horses  are  used  almost  exclusively  for  field  work  in  north  Bulgaria, 
whereas,  in  the  districts  of  the  south  and  southwest  oxen  are  still 
favored  by  the  peasants.  However,  most  of  the  progress  that  had 
been  made  during  the  35  years  of  freedom  from  the  Turks  was 
nullified  by  the  ravages  of  the  Balkan  and  the  World  Wars. 

In  1910  there  were  197,910  households  possessing  horses ;  ^^90,171 
proprietors  had  only  1  horse;  35,218  possessed  2  to  3  horses;  the 
remainder  owned  4  or  more  horses  each.  The  value  of  the  work  done 
by  horses  in  the  old  Kingdom  of  Bulgaria  in  1910  was  estimated  at 
102,600,000  leva  or  $19,802,000.^8  This  was  31.9  per  cent  of  the 
value  of  all  work  performed  by  farm  animals  in  that  year.  There 
were  478,222  horses  in  the  old  Kingdom  in  1910  of  which  78,222 
were  found  in  the  territories  later  ceded  to  Rumania  and  Yugo- 

57  There  were  770,000  households  in  Bulgaria  in  cities  and  rural  communities  in  1910. 
M  Converted  at  par  value  of  19.3  cents  to  the  lev. 
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slavia.  The  pre-war  number  of  horses  in  the  newly  acquired  ter- 
ritories has  been  estimated  at  25,000.  (Table  83.)  The  number  of 
horses  in  present-day  Bulgarian  territory,  before  the  World  War, 
was  thus  approximately  425,000. 

The  ravages  of  war  were  not  as  severe  upon  the  numbers  of  horses 
in  Bulgaria  as  might  have  been  expected  since  in  1920  there  were 
only  27,000  fewer  horses  in  the  country  than  in  1910. 

No  official  figures  have  been  issued  since  1920. 


Table  83. — Horses:  Number  in  the  old  Kingdom  of  Bulgaria  and  in  the 

Kingdom,  specified  years 

present 

Territory  and  year 

Horses 

Per  1,000 
acres 

Per  1,000 
inhabi- 
tants 

Old  Kingdom  of  Bulgaria: 

1892       .     .. 

Number 
343,946 
494,567 
538,272 
478,222 

Number 
14 
21 
23 
20 

Number 
104 

1900. 

132 

1905 

133 

1910 

110 

Old  Kingdom  minus  ceded  territory:  1910 

400,000 
25,000 

19 
6 

100 

Newly  acquired  territory:  1910 

67 

Total,  present  boundaries: 

1910        .                                     

425,000 
398,000 

17 
16 

97 

1920.  _ 

82 

1892-1910,  old  Kindgom,  compiled  from  (f5,  p.  2S2). 

1910  ceded  territory,  calculated  from  (/O). 

1910,  territory  acquired  from  Turkey  estimated  from  (8,  Ann.  5-i4,  sec.  B,  pp.  70-71). 

1920,  from  same  source  as  1910  acquired  territory. 

During  the  5-year  period  ended  1910,  Bulgaria  exported  on  the 
average  4,508  horses,  mostly  to  Turkey,  Greece,  and  Rumania.  On 
the  average,  2,433  horses  were  imported  each  year. 

There  is  no  record  of  the  exportation  of  any  horses  since  the  war. 

CATTLE 

The  whole  economic  and  philosophic  life  of  the  Bulgarian  peasant 
centers  in  his  cattle,  which  are  always  bred  as  beasts  of  burden. 
There  are  two  Jocal  races,  the  Isker  and  the  Pleven.  The  various 
peoples  who  preceded  the  Slavs  in  their  migrations  into  the  Balkans 
probably  each  brought  with  them  some  sort  of  domesticated  cattle, 
but  these  have  disappeared.  The  Slavs,  as  well  as  the  Tartar  Bulgars 
(a  corruption  of  the  word  Volgar)  brought  with  them  the  large, 
rangy,  gray,  steppe  cattle  of  southern  Russia.  Neither  during  the 
centuries  under  the  Ottoman  Empire,  nor  during  the  past  48  years 
of  Bulgarian  freedom,  has  the  Government  done  much  toward  the 
systematic  improvement  of  these  native  breeds.^® 

In  recent  years  there  have  been  attempts  to  increase  the  milk  supply 
through  the  introduction  of  Swiss  and  other  northern  breeds  but  the 
results  have  not  been  greatly  significant.  The  low  stage  of  cattle 
breeding  is  indicated  by  the  fact  that,  in  1920,  there  were  only  2,209 
bulls  among  1,877,108  cattle,  excluding  water  buffaloes,  in  present 
Bulgaria  as  compared  with  100,907  bulls  among  1,940,516  cattle  in 
present  Hungary.  In  Bulgaria  only  966  animals  were  of  foreign 
origin  and  omy  5,521  were  crosses  between  native  and  foreign  stock. 

««  According  to  an  inquiry  made  by  the  Ministry  of  Agriculture  in  1911,  out  of  1,115  agricultural  com- 
munities, 338  had  no  bull.  There  were  1,496  bulls  and  bull  water  buffaloes  in  the  other  communities  of 
which  1,100  were  of  native  breeds,  24  were  Simmenthals,  12  were  Montafon,  and  4  were  of  English  breeds. 
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Before  the  introduction  of  the  distillation  of  alcohol  practically 
all  cattle  intended  for  slaughter  were  grass  fed  or,  in  rare  instances, 
they  were  given  a  little  corn.  Later,  distilleries  bought  up  lean  cattle 
to  which  they  fed  the  refuse  from  alcohol  manufacture.  In  recent 
years  the  pulp  from  sugar  factories  has  been  used  to  fatten  cattle. 
It  is  estimated  that,  before  the  World  War,  not  more  than  200  to 
300  cattle,  destined  for  exportation  to  Tiu-key,  were  fattened  on  com- 
mercial by-products  each  year.  In  1920  it  is  reported  that  4,848 
steers  and  2,648  cows  were  being  stall-fed  for  slaughter. 

There  was  a  total  of  775,000  households  in  the  cities  and  rural 
districts  of  Bulgaria  in  1910,  among  which  356,178  possessed  1  or 
more  steers  or  water  buffaloes.  There  were  28,040  households  which 
possessed  only  1  work  animal,  whereas,  256,435  households  owned 
2;  59,889  owned  3  or  4;  and  11,814  owned  5  or  more. 

The  value  of  the  work  done  by  cattle  in  1910  was  estimated  at 
209,500,000  leva  or  $40,433, 000. ^<^  This  is  65.2  per  cent  of  the  total 
value  of  all  work  done  by  farm  animals  in  the  entire  Kingdom. 

Between  1900  and  1910  the  numbers  of  cattle  in  Bulgaria  remained 
practically  stationary.  It  has  been  reported,  however,  that  more 
and  more  of  the  farm  work,  particularly  in  north  Bulgaria,  was 
being  done  by  horses.  There  were  2,019,000  cattle  and  water  buffa- 
loes in  1910  in  the  old  Kingdom  of  Bulgaria. 

There  were  212,000  cattle  and  buffaloes  in  1910,  in  the  territories 
that  were  later  ceded  to  Rumania  and  Yugoslavia.  On  the  other 
hand,  the  1910  estimate  for  cattle  and  water  buffaloes  in  the  newly 
acquired  territories  has  been  placed  at  244,000.  Thus,  before  the 
World  War  there  were  approximately  2,051,000  cattle  and  water 
buffaloes  in  the  territories  now  comprised  within  the  frontiers  of 
Bulgaria. 

The  ravages  of  war  do  not  appear  to  have  affected  the  numbers 
of  cattle  in  Bulgaria.  As  shown  in  Table  84,  the  returns  for  1920 
indicate  2,295,000  cattle  and  water  buffaloes  or  an  increase  of  244,000 
above  the  pre-war  estimates. 

No  official  statistics  have  been  published  as  to  numbers  of  cattle 
since  1920. 

Table  84.- — Cattle,  including  water  buffaloes:  Number  in  the  old  Kingdom  of  Bul- 
garia, and  in  the  present  Kingdom,  specified  years 


Territory  and  year 

Cattle, 
includ- 
ing buf- 
faloes 

Per  1,000 
acres 

Per  1,000 
inhabi- 
tants 

Old  Kingdom  of  Bulgaria: 

1892 

ThOVr 

sands 
1,768 
2,027 
2,173 
2,019 

Number 
74 
85 
91 
85 

Number 
534 

1900 

541 

1905 

538 

1910 

465 

Old  Kingdom  minus  ceded  territory:  1910 

1,807 
244 

84 
62 

463 

Newly  acquired  territory:  1910        ..    . 

650 

Total,  present  boimdaries: 
1910 

2,051 
2,295 

80 
90 

470 

1920 - 

473 

1892-1910,  old  Kingdom,  compiled  from  (25,  pp.  U2,  248). 

1910,  ceded  territory,  calculated  from  QO) . 

1910,  territory  acquired  from  Turkey,  estimated  from  (8,  Ann.  5-14,  sec.  B,  pp.  70-71). 

1920  from  same  source  as  1910  acquired  territory. 

w  Converted  at  par  value  of  19.3  cents  to  the  lev. 
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Dairying 

Dairying  in  Bulgaria  is  incidental  to  supplying  Sofija  and  a  few 
other  cities  with  butter  and  liquid  milk.  In  1910  there  were  426,664 
cows  and  154,420  female  water  buffaloes  in  the  old  Kingdom.  In 
that  year  9,910  city  households  kept  1  cow  or  milk  water  buffalo, 
4,930  kept  2,  and  1,204  kept  3.  There  were  only  181  dairies  within 
city  limits  that  maintained  9  or  more  cows,  232  with  6  to  8  cows,  and 
756  with  4  to  5  cows.  Milk  is  produced  and  distributed  under  the 
most  primitive  conditions.  It  is  generally  considered  unsafe  to  use 
milk  for  drinking  until  it  has  been  sterilized  by  boiling.  Certified 
bottled  milk  is  unknown. 

In  the  country  cows  were  kept  for  work,  for  breeding,  and  for  re- 
placement, milk  production  having  been  entirely  incidental.  There 
were  250,978  households  in  1910,  that  possessed  only  1  or  2  cows  and 
32,501  households  with  3  cows  each.  In  the  vicinity  of  cities  there 
were  some  1,040  farms  with  9  or  more  cows.  Few  if  any,  of  these 
farms  were  exclusively  devoted  to  dairying.  On  19,241  farms,  4  to 
5  cows  were  maintained  and  6  to  8  cows  were  found  on  as  many  as 
4,054  farms.  Almost  without  exception,  the  main  purpose  of  cows 
was  the  replenishment  of  farm  power. 

Even  under  these  primitive  conditions,  the  quantity  and  value  of 
the  milk  produced  in  1910  was  greater  than  that  of  beef  and  veal. 
It  was  estimated  that  367,723  cows  produced  220,341,200  pounds  of 
milk  valued  at  21,300,000  leva  or  $4,111,000,^^  whereas  there  were  only 
143,326  head  of  cattle  slaughtered  or  exported,  equivalent  to  33,- 
840,600  pounds  of  meat,  valued  at  13,800,000  leva  or  $2,663,000.^^ 

Similarly,  120,000  water  buffalo  cows  produced  121,643,655  pounds 
oi  milk  valued  at  12,000,000  leva  or  $2,316,000^^  as  contrasted  with 
38,000  slaughtered  or  exported,  equivalent  to  14,352,000  pounds  of 
meat  valued  at  5,200,000  leva  or  $1,004,000.*^  As  sources  of  meat, 
cattle  and  water  buffaloes  combined  are  excelled  by  hogs  and  by  sheep. 
The  quantity  of  mDk  yielded  by  sheep  and  goats  exceeds  that  pro- 
duced by  cows  and  water  buffaloes. 

In  1920,  there  were  234,280  cows  classified  as  breeding  animals, 
225,915  as  breeding  and  draft  animals.  Only  82,629  were  classed  as 
milk  cows  and  2,648  were  being  fattened  for  beef. 

Trade  in  Cattle  and  Dairy  Products 

There  was  a  net  export  of  a  few  hundred  pounds  of  fresh  milk  during 
1909-1913,  whereas,  since  the  World  War,  there  has  been  no  inter- 
national trade  in  fresh  milk  except  in  the  single  year  of  1923,  when  it 
was  reported  that  a  few  hundred  pounds  were  imported.  On  the 
other  hand,  an  increasing  quantity  of  condensed  milk  has  been  im- 
ported in  recent  years.  Before  the  Balkan  War,  Bulgarian  importa- 
tions of  condensed  milk  averaged  around  29,000  pounds  yearly. 
Between  1922  and  1925,  importations  increased  from  4,899  pounds  to 
94,055  pounds.     (Table  85.) 

<>  Converted  at  par  value  of  19.3  cents  to  the  lev. 
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Table    85. — Condensed   milk:  Imports    into    Bulgariaj    average    1909-1913,    and 
annual,  1922-1925  {8,  Ann.  17;  17,  1925-26) 


Year 

Imports 

Year 

Imports 

Average  1909-1913 

Pounds 

1  29, 101 

2  4, 899 

19, 215 

1924 

Pounds 
53, 358 
94,055 

1922 

1925. 

1923 

J  Former  boundaries. 

2  The  only  year  in  which  Bulgaria  exported  condensed  milk  was  1922,  when  8,818  pounds  are  reported  to 
have  left  the  country. 

The  condensed  milk  imported  into  Bulgaria  was  reported  in  1925 
to  have  come  from  Holland,  Italy,  and  Great  Britain  in  the  order 
named.  It  may  be  probable  that  the  recent  reported  reduction  in 
the  number  of  cattle  has  cut  down  the  milk  supply  of  Bulgarian  cities 
and  stimulated  a  demand  for  condensed  milk.  This  demand  will 
probably  fall  off  somewhat  when  Bulgarian  herds  return  to  normal 
numbers,  as  they  undoubtedly  will.  Nevertheless  there  should 
continue  to  be  a  permanent  demand  in  Bulgaria  for  a  considerable 
quantity  of  condensed  milk  because  of  the  convenience  of  having  on 
hand  a  supply  of  milk  that  has  not  soured. 

The  exportation  of  a  small  quantity  of  butter  has  been  reported 
since  the  World  War  but,  from  all  indications,  this  butter  is  made 
from  sheep's  milk  rather  than  from  cow's  milk. 

The  exportation  of  cattle  from  Bulgaria,  before  the  Balkan  War, 
had  been  declining.  During  the  10-year  period  ended  1895  some 
15,801  cattle  were  sent  abroad  annually.  The  average  export  between 
1896-1910  was  14,742;  but  duriug  the  last  five  years  of  this  period, 
only  9,442  animals  were  sent  abroad  each  year.  Almost  without 
exception  the  cattle  exported  from  Bulgaria  were  shipped  to  Greece 
and  Turkey. 

The  postwar  exports  of  cattle,  exclusively  to  Turkey  and  Greece, 
have  ranged  between  2,681  in  1922  to  20,718  in  1925.     (Table  82.) 

It  is  reported  that  large  numbers  of  the  best  individuals  of  all 
classes  of  Hvestock  have  been  sent  to  Rumania  and  Yugoslavia  in 
payment  of  reparations.  For  this  reason,  not  only  have  cattle  num- 
bers been  reduced  but  the  quality  of  the  livestock  remaining  in 
Bulgaria  is  below  the  average  pre-war  standard,  although  this  stand- 
ard was  low. 

Nevertheless,  cattle  are  so  essential  to  farm  operations  in  Bulgaria 
that  it  is  only  a  question  of  time  before  Bulgarian  herds  of  cattle  and 
water  buffalo  will  return  to  their  pre-war  normal  status. 

SHEEP 

All  of  the  Slavic  clans  that  migrated  from  Russia  over  the  Carpa- 
thian Mountains  into  the  plains  of  Hungary,  and  south  into  the 
Balkans,  until  checked  by  the  Byzantine  armies,  were  nomadic  clans 
living  almost  exclusively  on  their  flocks  of  sheep,  from  which  they 
obtained  food  and  clothing — milk,  cheese,  meat,  wool,  and  skins. 
When  they  could  migrate  no  farther  they  finally  settled  down  to 
village  life  and  slowly  took  up  field  cultivation.  As  the  production 
of  field  crops  prospered  and  the  population  became  more  dense,  sheep 
herding  tended  to  decrease.  In  recent  years,  before  the  World  War, 
it  was  the  practice  of  villages  to  hold  pasture  lands  as  common  prop- 
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erty,  and  the  restrictions  placed  on  the  use  of  forest  lands  had  further 
tended  to  hold  sheep  raisins:  at  a  remarkably  constant  level  in  propor- 
tion to  the  population.     (Table  86.) 


Table  86. — Sheep:  Number  in  the  old  Kingdom  of  Bulgaria  and  in  the 

Kingdom,  specified  years 

present 

Territory  and  year 

Sheep 

Per  1,000 
acres 

Per  1,000 

inhabit- 

ants 

Old  Kingdom  of  Bulgaria: 

1892. 

Thou- 
sunds 
6,868 
7,015 
8,131 
8,669 

Number 
288 
296 
342 
364 

Number 
2.074 

1900     

1,874 

1905 

2,015 

1910 

1,999 

Old  Kingdom  minus  ceded  territory:  1910 

7,718 
863 

359 
218 

1,937 

Newly  acquired  territory:  1910 

2,299 

Total,  present  boundaries: 

1910 

8,681 
8,923 

337 
360 

1.968 

1920 

i;841 

1892-1910,  old  Kingdom,  compiled  from  (£5,  p.  251). 
1910,  ceded  territory,  calculated  from  {10). 

1910,  territory  acquired  from  Turkey  estimated  from  (S,  Ann.  S-I4,  sec.  B,  pp.  70-71)  1920,  from  same 
iource  as  1910  acquired  territory. 

Between  1892  and  1910  the  numbers  of  sheep  per  1,000  inhabitants 
in  Bulgaria  tended  to  remain  remarkably  constant.  The  numbers 
of  sheep  per  1,000  inhabitants  in  the  ceded  and  in  the  acquired 
territories  were  practically  the  same,  so  that  the  situation  was  not 
materially  affected  by  the  changes  in  territory  following  the  World 
War. 

Only  8,210  farms  were  devoted  exclusively  to  sheep  herding  before 
the  Balkan  War.  Most  of  these  farms  raised  milk  sheep,  and  milk 
cheese  (kachkaval)  was  the  principal  product  sold.  In  1920,  369,239 
Bulgarian  households  kept  sheep.  Almost  without  exception  these 
sheep  were  the  coarse,  rangy,  long-wool  or  one  of  the  fat-tail  varie- 
ties descended  from  the  migrating  flocks  brought  in  by  the  ancestors 
of  the  Bulgarian  Slavs  from  their  former  grazing  lands  on  the  Russian 
steppes. 

The  most  common  breed  is  called  ''Czigaia'\^2  The  male  lambs 
are  usually  slaughtered  at  5  to  9  days  of  age,  at  which  time  the  hair 
has  assumed  a  tight  curl  similar  to  Persian  lamb  or  karakul.  The 
pelts  of  these  lambs  are  cured  and  used  in  making  caps  and  for 
trimming  garments.  Every  peasant  has  a  coat  and  other  articles 
of  clothing  made  from  sheepskin  or  lamb  pelts  with  the  wool  turned 
to  the  inside.  The  outside  surface  of  the  skin  is  decorated  with  some 
distinctive  design  that  probably,  in  ancient  times,  was  emblematic 
of  the  local  clan.  In  the  spring  the  carcasses  of  the  baby  lambs  are 
consumed  locally. 

It  is  estimated  that  2,420,000  lambs  and  600,000  sheep  were  con- 
sumed in  1910,  equivalent  to  50,529,000  pounds  of  meat.  On  the 
other  hand,  sheep  produced  314,693,000  pounds  of  milk  which,  soured 
by  a  special  process  or  made  into  cheese,  constitutes  one  of  the  chief 
articles  of  diet  of  the  Bulgarian  people.  The  value  of  sheep's  milk 
exceeded  that  produced  by  cows.  In  1910,  the  Bulgarians  consumed 
only  about  two-thirds  as  much  beef  as  mutton  and  lamb. 

The  income  from  the  sheep  industry  in  1910  was  estimated  at 
79,600,000  leva  or  $15,363,000,  whereas  expenses  were  placed  at 

u  This  breed  is  found  La  Rumania,  Yugoslavia,  Hungary,  and  eastern  Csechoslovakia. 
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52,800,000  leva  or  $10,190,000,  leaving  a  gross  profit  of  about  $5,173,- 
000,  or  about  60  cents  per  head.  This  average  profit  was  so  small 
that  the  pre-war  sheep  industry  had  not  developed  on  a  commer- 
cial scale,  but  was  maintained  very  closely  to  the  requirements  of 
individual  households.  Although  this  was  the  case,  the  number  of 
sheep  per  1,000  inhabitants  in  1910  was  1,968,  which  was  greater 
than  in  any  other  European  country  except  the  old  Kingdom  of 
Greece.  Although  in  1920  there  was  an  increase  of  342,000  sheep 
over  the  pre-war  estimated  number,  the  proportion  per  1,000  inhabit- 
ants had  diminished  to  1,841. 

In  1920  only  1,778  sheep  are  reported  to  be  of  improved  foreign 
breeds  and  only  5,249  the  result  of  crossing  foreign  blood  on  native 
strains. 

No  official  report  has  been  made  on  sheep  numbers  since  1920. 

Wool 

The  most  common  size  of  flock  in  Bulgaria  in  1910  ranged  from 
21  to  50  sheep.  There  were  only  223  flocks  in  1910  with  more  than 
500  head.  There  is  no  special  breeding  of  sheep  in  Bulgaria,  reproduc- 
tion being  more  or  less  haphazard.  Colors  range  from  white  through 
gray  and  brown  to  black;  the  darker  colors  predominate.  The  wool  is 
coarse  and  long,  of  the  general  type  called  ''Czigaia",  which  is  foimd 
as  far  north  as  Slovakia,  Ruthenia,  and  southern  Poland.  In  1910 
the  estimated  wool  production  was  placed  at  19,228,000  pounds, 
as  each  animal  sheared  yields  about  2.6  poimds. 

Spinning  and  weaving  wool  in  Bulgaria  is  a  household  industry. 
The  women  spin  incessantly,  employing  the  ancient  distaff  and  spin- 
dle. Many  households  are  equipped  with  crude  looms  upon  which 
are  manufactured  cloths  of  various  grades,  blankets,  and  carpets. 
The  coarse  peasant  cloth  and  homemade  rugs  constituted  the  princi- 
pal form  in  which  wool  was  exported  from  Bulgaria  before  the  World 
War.  It  is  reported  that  before  the  Balkan  War  an  average  of  13,889 
pounds  of  washed  and  105,159  pounds  of  imwashed  wool  were  exported 
annually,  almost  exclusively  to  Serbia. 

Since  Turkish  times  the  woolen  industry  has  centered  at  SUven 
and  Gabrovo.  At  the  former  town  there  were  9  mills  in  1924  with 
10,652  spindles  and  331  looms,  and  at  the  latter  town  there  were 
17  mills  with  15,338  spindles  and  301  looms.  There  were  6  mills 
at  Samokov,  Trievna,  Kazanlik,  and  Karlovo  with  a  total  of  11,294 
spindles  and  125  looms.     Other  mills  exist  but  no  data  are  available. 

Since  the  World  War  there  has  been  no  exportation  of  wool.  On 
the  other  hand  considerable  quantities  of  washed  and  imwashed  wool 
have  been  imported.  (Table  87.)  These  are  coarse  and  fine  wools 
from  Great  Britain,  ^  France,  Greece,  Turkey,  Holland,  Italy,  and 
Belgium. 


Table    87. 


-Wool:  Imports    into    Bulgaria,    average     1909-191S,    and    annual, 

■1922-1925  (8,  Ann.  17;  17,  1925-26) 


Year 

Washed 

Unwashed 

Year 

Washed 

Unwashed 

Average  190ft-1913.. 

Pounds 
1368,168 
943, 745 
2, 460, 358 

Pounds 
1869,053 
2, 104, 055 
2, 512, 360 

1924 

Pounds 
1, 667, 293 
1, 347,  573 

Pounds 
1, 419, 804 
1, 291, 250 

1922 

1925- 

1923 

1  Former  boundaries. 
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Since  the  World  War  coarse  peasant  cloth  and  finer  stuffs  from 
commercial  mills  have  been  exported  to  Yugoslavia,  Turkey,  and  Greece 
in  minor  quantities  and  a  few  tons  of  rugs  have  been  sent  abroad  each 
year  largely  to  the  United  States. 

During  the  5-year  period  ended  1910  Bulgaria  exported  annually  to 
Turkey  and  Greece  an  average  of  282,244  sheep,  30,556  lambs  and 
106,807  lambs  under  6  months  of  age.  In  1925,  the  exports  to  Tur- 
key and  Greece  were:  Sheep,  280,224;  all  lambs,  26,208. 

During  the  period  1906-1910  the  exports  of  sheep  products  averaged 
208  short  tons  of  prepared  meats,  236  short  tons  of  butter,  613  short 
tons  of  ordinary  white  cheese  (similar  to  brinza),  and  2,409  short  tons 
of  kachkaval  cheese  (made  from  boiled  milk). 

In  1925,  shipments  abroad  were  5  short  tons  of  butter,  14  short 
tons  of  ordinary  cheese  and  85  short  tons  of  kachkaval. 

SWINE 

The  production  of  pork  in  Bulgaria  is  as  ancient  as  the  country 
itself  but  it  has  never  constituted  an  important  commercial  branch 
of  the  nation's  animal  industry.  Hogs  are  raised  for  home  consump- 
tion as  it  is  a  custom  of  the  country  to  have  a  roast  pig  in  each  home 
at  Christmas  time.  The  commercial  fattening  of  hogs  for  market 
has  been  rare.  There  were  only  8  households  out  of  708,814  in  Bul- 
garia, in  1905  that  were  engaged  in  the  commercial  production  of 
pork.  Between  1905  and  1910  the  number  of  swine  reported  on 
farms  varied  but  Uttle,  although  there  appears  to  have  been  a  trend 
toward  increased  total  nmnbers  as  well  as  more  hogs  per  1,000  inhabit- 
ants, as  indicated  in  Table  88. 

Table  88. — Swine:  Number  in  the  old  Kingdom  of  Bulgaria  and  in  the  present 

Kingdom,  specified  years 


Territory  and  year 

Swine 

Per  1,000 
acres 

Per  1,000 
inhab- 
itants 

Old  Kingdom  of  Bulgaria. 

1892. .- 

Ilunuanda 
462 
368 
465 
527 

Number 
19 
15 
20 
22 

Number 
140 

1900                                                                                          

98 

1905 

115 

1910 

121 

Old  Kingdom  minus  ceded  territory:  1910. 

486 
60 

23 

15 

122 

Newly  acquired  territory:  1910  .  

160 

Total,  present  boundaries: 

1910 

646 
1,090 

21 
43 

125 

1920.            .                    .                             

225 

1892-1910,  old  Kingdom  compiled  from  (f5,  p.  264).  1910,  ceded  territory,  calculated  from  (/O).  1910 
territory  acquired  from  Turkey,  estimated  from  (8,  Ann.  6-I4,  sec.  B,  pp.  70-71).  1920  from  same  source  as 
1910  acquired  territory. 

The  swine  of  Bulgaria  are  almost  exclusively  the  progeny  of  the 
aboriginal  hogs  that  have  been  native  to  the  country  for  centuries. 
In  1920,  there  were  only  1,166  purebred  swine  of  western  origin  and 
only  10,228  crossbred  hogs  among  a  total  of  1,090,000. 

An  insignificant  number  of  hogs  and  milk-fed  pigs  were  imported 
each  year,  during  the  period  before  the  World  War,  from  Serbia 
and  an  equally  insignificant  number  were  exported  to  Rumania. 
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A  concession  was  granted  in  1926  to  a  British  company  for  a  monop- 
oly of  the  export  of  all  pork  products.  The  concession  provides  for 
the  construction  of  pacMng  plants  at  Gorna  Ojechovitca  and  ware- 
houses at  Varna  and  Burgas,  for  the  erection  of  cold-storage  works, 
and  the  maintenance  of  transport  between  Bulgaria  and  Great 
Britain. 

In  1920,  there  were  1,090,000  swine  in  Bulgaria  or  about  twice 
the  pre-war  estimate.  There  has  been  no  official  report  on  swine 
numbers  since  1920.  It  is  probable  that  swine  numbers  in  Bulgaria 
will  increase  and,  should  the  British  enterprise  prove  successful, 
exports  of  pork  products  which,  since  the  World  War,  have  been 
insignificant,  may  tend  to  become  a  considerable  item  in  the  inter- 
national trade  of  the  country. 

GOATS 

The  number  of  goats  in  Bulgaria  changed  very  little  during  the 
period  1890  to  1910,  at  which  time  1,411,610  were  reported  in  the 
old  Kingdom. 

About  1,000,000  Idds  were  produced  each  year,  of  which  number 
about  500,000  were  slaughtered.  Some  220,000  mature  goats  were 
also  killed  as  food,  the  total  goat  and  Idd  meat  produced  annually 
being  placed  at  approximately  13,536,000  pounds.  Goats  also  pro- 
duced 123,610,000  pounds  of  milk  and  824,300  pounds  of  hair  in  1910. 

During  1906-1910  an  average  of  21,630  goats  were  exported  each 
year.  The  number  of  goats  decreased  to  1,332,000  in  1920  which,  as 
shown  in  Table  89,  is  309,000  below  the  number  reported  in  1910. 
No  official  report  has  been  made  on  the  number  of  goats  since  1920. 

It  is  probable  that  the  number  of  goats  in  Bulgaria  will  tend  to 
recover  their  pre-war  normal. 

Table  89. — Goats,  mules,  and  donkeys:  Number  in  the  old  Kingdom  of  Bulgaria^ 
and  in  the  present  Kingdom,  specified  years 

[In  thousands — i.  e.,  000  omitted] 


Territory  and  year 

Goats 

Mules 

Donkeys 

Old  Kingdom  of  Bulgaria  minus  ceded  territory:  1910 

1,332 
309 

12 
13 

115 

Newly  acquired  territory:  1910 ._ 

33 

Total  1910 

1,641 
1,332 

25 
26 

148 

Total  1920 

156 

Old  Kingdom  of  Bulgaria,  (8,  Ann.  4,  p.  167).  Ceded  territories  to  Yugoslavia  and  Rumania,  calculated 
from  (10).  Newly  acquired  territory  from  Turkey,  estimated  from  (8,  Ann.  5-14,  sec.  B,  pp.  70-71).  1920 
census  figures  (8,  Ann.  6-I4,  sec.  B,  pp.  70-71). 

MEAT  PRODUCTION 


There  was  practically  no  international  trade  in  meat  in  Bulgaria 
before  the  World  War.  All  meat  produced  was  consumed  within 
the  country  itself.  Comparing  the  per  capita  consumption  of  various 
countries  (Table  90),  the  Bulgarian  people  ate  little  meat,  consuming 
about  41.2  pounds  annually,  as  compared  with  145.3  pounds  in  the 
United  States  and  105.4  pounds  in  France, 
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Table  90. — Meat:  Total  and  per  capita  production  in  the  old  Kingdom  of  Bulgaria^ 
1910,  and  pre-war  disappearance  per  capita  in  specified  countries,  1912,  and 
average,  1909-1 9  IS 


Production  In  Bul- 
garia. 1910 

Per  capita  disappearance 

Kind 

Total 

Per 
capita 

1912 

Average  1909- 
1913 

United 
States 

Qermany 

Great 
Britain 

France 

1,000 
pounds 
66,469 
50,529 
13,536 
33,840 
14, 352 

Pounds 
38.0 
30.4 

Pork 

Pounds 
15.32 
11.65 
3.12 
7.80 
3.31 

Pounds 

69.1 

6.1 

Pounds 
71.6 
3.0 

Pounds 

4»).  7 
9.5 

Mutton  and  lamb 

Goat  and  kid 

Beef  and  veal 

68.1 

39.9 

62.7 

49.2 

Bullalo 

Total 

178,  726 

41.20 

145.3 

114-6 

13L1 

105.4 

Compiled  from  (;M,  gS). 

CONCLUSIONS  REGARDING  BULGARIAN  AGRICULTURE 

The  agriculture  of  Bulgaria  was  not  vitally  affected  by  the  land 
reform  as  was  the  case  in  Rumania.  Nor  did  the  Worid  War  par- 
ticulariy  affect  the  agricultural  situation.  The  status  of  Bulgaria 
as  an  exporting  country  was  affected  by  the  changes  in  boundary 
following  the  Balkan  and  the  Worid  Wars.  Bulgaria  ceded  to  Ru- 
mania, in  1913,  parts  of  several  highly  productive  counties  along  the 
northeastern  frontier  and  annexed  from  Turkey  a  relatively  large 
area  along  the  southern  frontier  that  did  not  produce  enough  cereals 
to  meet  local  needs.  But  this  district  was  part  of  the  Turldsn  tobacco 
region  of  the  former  Ottoman  Empire,  consequently  tobacco  has 
supplanted  cereals  as  an  article  of  export  from  Bulgaria.  Tobacco 
production  was  carried  to  extremes  between  1923  and  1925  but  in 
recent  vears  has  tended  to  assume  proportions  more  nearly  in  keep- 
ing with  the  requirements  of  the  world  market. 

The  agriculture  of  Bulgaria  is  organized  to  supply  the  farmers' 
families  with  food  and  to  provide  feed  for  their  domestic  animals. 
Few  farm  units  are  operated  on  a  commercial  basis.  The  surpluses 
that  are  marketed  are  small  in  volume,  lack  uniformity,  and  are 
poor  in  quality  compared  with  western  standards. 

There  appears  to  be  a  trend  toward  increased  wheat  consumption 
in  Bulgaria  which  has  been  partially  met  by  increased  acreage. 
Exports  of  wheat  have  averaged  (1921-22  to  1925-26)  about  40  per 
cent  as  large  as  the  estimated  pre-war  surplus.  The  exportation  of 
com  is  also  far  below  the  pre-war  average.  The  international  trade 
in  other  cereals  is  unimportant. 

There  appears  to  be  a  trend  toward  increased  livestock  production 
which,  together  with  increased  bread  consumption,  should  tend  to 
keep  cereal  exports  below  those  that,  before  the  World  War,  were 
normal  to  the  territories  now  comprised  within  the  frontiers  of  Bul- 
garia. On  the  other  hand,  the  potentialities  of  the  country  as  a 
hog-producing  territory  have  attracted  the  attention  of  British 
capitahsts,  who  propose  to  commercialize  the  swine  industry  by 

44874°— 29 9 
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erecting  packing  plants  and  to  organize  direct  lines  of  steamers  to 
western  Europe.  If  this  venture  should  prove  successful  these  pack- 
ing plants  could  draw  upon  neighboring  Rumanian  and  Yugoslavian 
territories  f or  iarge  numbers  of  hogs.  If  this  industry  is  developed 
to  the  proportions  that  are  evidently  practicable,  it  would  certainly 
affect  the  European  market  for  American  pork  and  pork  products. 
Bulgaria  ships  flour  to  Constantinople  and  other  southeastern 
points,  and  is  now  in  a  position  to  export  sugar  to  the  Orient,  but 
this  competition  with  American  products  will  probably  not  assume 
serious  proportions. 


Figure  4— Map  of  Yugoslavia 

Yugoslavia  comprises  Slavonia  (Carniola),  Bosnia,  Herzegovina,  and  Dalmatia,  ceded  by  Austria- 
Iltmgary;  Croatia-Slavonia  and  Voivodina,  ceded  by  Hungary,  parts  of  two  small  districts  ceded 
by  Bulgaria,  south  Serbia  annexed  from  Turkey,  and  Montenegro  organized  about  the  old  King- 
dom of  Serbia  as  a  nucleus.  Voivodina,  eastern  Slavonia,  northeastern  Bosnia,  and  northern 
Serbia  situated  in  the  watershed  of  the  Danube  River  and  its  tributaries  is  a  surplus  producing 
region  that  exports  field  crops  as  well  as  animal  products.  The  rest  of  the  country  is  little  more 
than  self  supporting  and  many  localities  do  not  produce  sufficient  to  supply  local  requirements. 

THE  AGRICULTURAL  SITUATION  IN  YUGOSLAVIA 

Yugoslavia,  the  Kingdom  of  the  south  Slavs  (that  is,  the  Kingdom 
of  the  Serbs,  Croats,  and  Slovenes)  was  organized  out  of  parts  of  the 
old  Austrian  Empire,  parts  of  the  former  Kingdom  of  Hungary,  parts 
of  the  Ottoman  Empire,  and  all  of  Montenegro,  grouped  about  the 
old  Kingdom  of  Serbia  as  a  nucleus.^  Not  only  had  this  nucleus 
been  penetrated  and  shattered  by  the  Central  Powers,  but  their 
armies  had  overrun  all  of  the  other  territories  that  were  later  combined 


•'  The  Union  of  Serbs,  Croats,  and  Slovenes  was  declared  December  1,  1918,  by  the  Prince  Regent 
Alexander.    The  constitutional  monarchy  was  proclaimed  on  June  28,  1921. 
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to  form  the  new  Kingdom.  Montenegro  had  been  devastated  during 
the  World  war  as  had  south  Serbia  and  Macedonia,  annexed  by 
Serbia  from  Turkey  in  1913. 

With  the  exceptions  of  Montenegro  and  the  old  Kingdom  of  Serbia 
the  affairs  of  those  territories  had  for  many  years  been  administered 
by  foreign  Governments  (Austria,  Hungary,  or  Turkey)  although 
Croatia  and  Slavonia  had  enjoyed  a  certain  amount  of  autonomy  and 
was  therefore  not  so  unaccustomed  to  local  governmental  adminis- 
tration as  were  the  people  of  Bosnia,  Herzegovina,  and  Dalmatia. 
At  the  time  when  these  territories  were  combined  to  form  the  new 
Kingdom,  the  official  machinery  that  had  directed  the  poHtical  life 
of  the  greater  part  of  Yugoslavia  was  withdrawn.  Administrative 
officials  and  many  owners  of  estates  whose  families  had  operated 
large  holdings  of  land  in  these  southern  Districts  for  generations 
abandoned  their  homes  and  followed  the  retreating  armies  and  civil 
officials  to  Vienna  or  Budapest. 

The  administrative  problems  that  Yugoslavia  was  called  upon  to 
solve,  at  the  time  of  its  organization,  were  among  the  most  varied  and 
complex  of  those  faced  by  any  of  the  succession  States,  newly  formed 
after  the  World  War.  At  the  outset  of  the  new  nation's  existence, 
the  central  administrative  functions  were  performed  by  the  official 
governmental  machinery  of  the  old  Kingdom  of  Serbia;  which  had 
to  be  stretched  to  the  breaking  point  in  order  to  cover  the  emergency 
situation  until  a  more  nearly  representative  administration  could  be 
organized.^* 

In  common  with  all  of  the  succession  States,  Yugoslavia  has  had 
difficulty  in  balancing  the  national  budget.  National  income  was 
precarious.  Four  systems  of  taxation  were  in  force — the  Serbian, 
Austrian,  Hungarian,  and  Bosnian.  By  1926,  these  systems  of  col- 
lecting taxes  had  not  yet  been  unified. 

Before  the  World  War  systems  of  affifiated  banks  throughout  the 
entire  territory  of  the  Yugoslavs  had  been  controlled  by  the  powerful 
moneyed  groups  in  Vienna  or  Budapest,  which  in  turn  were  closely 
associated  with  financial  groups  in  Berlin.  As  is  customary  in  south- 
eastern Europe,  the  larger  number  of  these  banks  maintained  a 
commercial  and  an  industrial  department,  which  engaged  in  trade 
and  manufacture  or  other  forms  of  enterprise.  Thus,  before  the 
World  War  the  trade  relationships  of  even  the  old  Kingdom  of 
Serbia,  as  regards  both  imports  and  exports,  had  been  dominated  by 
the  financial  interests  of  Austria-Himgary  and  Germany.  Each  of 
the  other  Districts,  except  Montenegro,  had  been  directly  under 
the  industrial  and  commercial,  as  well  as  financial  and  pofitical, 
control  of  either  Austrian,  Hungarian,  or  Turkish  groups. 

•<  This  feat  could  never  have  been  accomplished  had  it  not  been  for  the  powerful,  instinctive  group-loyalty 
of  these  southern  Slavic  peoples  who,  though  separated  for  decades  from  political  and  commercial  coopera- 
tion, were  strongly  Ixiund  together  by  ties  of  blood  relationship  and  common  customs.  One  of  the  most 
powerful  of  these  customs  was,  jwrhaps,  olK'dience  to  an  hereditary  or  elected  central  authority.  1  his  is 
Illustrated  by  the  form  of  family  life  perculiar  to  the  Serbians.  The  Serbians  formerly  lived  m  n-oups 
called  "zadruga,"  which  included  notonly  parents  and  children  but  all  kinsmen  of  various  degrees  of  relation- 
ship and  sometimes  distant  relatives,  who  live<l  together  in  the  same  house  or  group  of  houses.  The  group 
activities  were  directed  by  a  "stareshina",  generally  the  eldest  member,  or  one  who  had  distinguished 
himself  by  his  conduct  and  his  wisdom.  Women  have  been  elected  to  direct  the  affairs  of  the  "radruga. 
In  the  beginning  of  the  nineteenth  century  "zadrugas"  were  numerous  among  the  south  Slavs,  some 
including  as  many  as  80  persons.  But  in  recent  times  this  form  of  group  life  has  been  dying  out  and,  as 
young  men  have  married,  thev  have  aske<l  for  separate  allotments  of  laud  and  have  set  up  independent 
households.  The  good  will  and  family  feeling  has  continued  and  voluntary  group  action  called  a  "moba 
of  one  or  more  former  "zadrugas"  is  common.  This  is  similar  to  a  house-raising  bee,  a  threshing  bee,  or  a 
quilting  bee  in  American  pioneer  life.  In  Serbia  a  moba  of  men  is  assemblwl  to  harvest  fields,  or  of  women 
to  card  wool  and  spin.  The  spirit  of  cooi^eration  is  instinctive  in  the  Serbian  and,  therefore,  the  formation 
of  large  cooperative  organizations  will  be  a  natural  development  of  the  national  life  of  Yugoslavia. 
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The  trade  routes  of  all  of  these  territories  had  been  developed  in  a 
northwesterly  direction  toward  Vienna  or  Budapest,  or  in  a  south- 
easterly direction  toward  Istambul  (Constantinople).  Lines  of  com- 
munication were  designed  to  connect  outlying  local  trade  centers  or 
seats  of  provincial  government  with  the  capitals  and  trade  centers  of 
the  great  empires  to  the  north  and  the  southeast.  There  had  been 
little  or  no  estabhshment  of  transverse  channels  of  intercourse. 
The  physical  features  of  the  country  rendered  this  difficult.  Further- 
more, the  policies  of  the  Central  Powers  and  their  Turkish  allies  had 
tended  to  keep  these  southern  Slavic  peoples  isolated,  as  far  as 
possible,  from  each  other  and  linked,  as  closely  as  possible,  to  the 
control  centers  of  the  Dual  Monarchy. 

One  of  the  most  striking  anomahes  of  the  first  years  of  Yugoslavia's 
existence  was  the  exportation  of  wheat  from  the  northeastern  surplus 
districts  of  the  Kingdom  to  north  central  Europe  at  a  time  when 
Montenegro,  Dalmatia,  and  parts  of  Slovenia  (Carniola),  which 
are  normally  regions  of  deficit  production  and  which  experienced  a 
crop  failure  in  1922,  were  forced  to  import  supphes  of  cereals  from 
overseas.  Channels  of  trade  and  rail  communication,  had  not  yet 
been  sufficiently  organized  to  make  it  practicable  to  ship  grain  into 
these  western  districts  from  the  surplus-producing  districts  of  the  east. 

Before  the  World  War,  a  considerable  part  of  the  surplus  agri- 
cultural products  produced  in  the  old  Kingdom  of  Serbia  had  been 
shipped  south  to  Turkey,  Greece,  and  the  Orient  through  Istambul 
(Constantinople)  and  Salonika.  It  is  probable  for  hundreds  of  years, 
dating  back  to  the  rise  of  the  Roman  Empire,  the  territory  now  con- 
stituting Italy  had  drawn  part  of  its  food  supply  from  Illyria,  the 
territory  east  of  the  Adriatic. 

With  the  coming  of  the  Slavs  and  the  Turks,  this  ancient  trade  had 
been  disrupted,  but  as  Rome  is  a  natural  market  for  the  surplus  pro- 
duction of  the  western  part  of  the  Balkan  Peninsula,  during  a  few  years 
preceding  the  World  War  there  had  been  a  growing  trade  between 
Serbia  and  the  cities  of  Italy.  The  bulk  of  all  products,  not  only  those 
of  Serbia  but  of  aU  of  this  south  country,  had  been  handled  by  Aus- 
trian, Hungarian,  and  German  intermediaries.  These  southern- 
grown  products  lost  their  identity  in  Vienna,  Budapest,  or  Berlin 
and  appeared  upon  the  markets  of  western  Europe  under  trade 
names  usually  disassociated  from  the  locality  of  their  origin. 

It  was  obvious  from  the  first  that  the  successful  development  of 
the  new  Kingdom  of  Yugoslavia  depended  upon  elimination  of  Vienna 
and  Budapest,  as  far  as  possible,  from  their  former  status  as  inter- 
mediaries. In  practice,  however,  it  has  been  difficult  to  establish 
direct  relationships  with  customer  countries.  One  of  the  first  steps 
in  this  direction  was  made  by  obtaining  from  Greece  the  free  use  of 
the  port  of  Salonika  to  facilitate  trade  with  the  Orient.  In  recent 
years  the  city  of  Zagreb  has  developed  into  the  commercial  nucleus 
of  the  southern  Slavic  countries,  and  foreign  buyers  from  central  and 
western  Europe  are  establishing  agencies  at  this  center.  Neverthe- 
less, in  1924,  the  exports  of  Yugoslavia  to  Hungary,  Austria,  and 
Germany  amounted  to  36.4  per  cent  of  the  total  international  trade 
of  the  Kingdom.  Nearly  29  per  cent  went  to  Italy,  with  which  country 
Yugoslavia  has  been  steadily  developing  trade  relationships  up  to  1926. 

In  spite  of  the  difficulties  to  be  overcome,  Yugoslavia  succeeded 
in  establishing  a  favorable  trade  balance  in  1924,  the  value  of  exports 
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reaching  671,271,951  gold  dinars  or  $129,555,487  ^  exceeding  imports 
by  about  16  per  cent.  The  following  year  exports  reached  783,- 
349,517  gold  dinars  or  $151,186,457®^  and  exceeded  imports  by  the 
narrow  margin  of  1.8  per  cent. 

This  was  possible  because  Yugoslavia  is  one  of  the  richest  countries 
of  Europe  in  natural  resources  of  timber,  minerals,  water  power,  and 
agricultural  lands.  But  its  industries,*®  including  agriculture,  are 
undeveloped  and  primitive.  The  industries  of  Yugoslavia  have 
suffered  on  account  of  heavy  taxation  and  the  difficulties  of  financing 
local  enterprises.  The  rates  of  interest  charged  by  Yugoslavian 
banks  are  very  high  (25  to  30  per  cent  is  usual),  and  even  higher 
rates  are  paid  from  time  to  time.  The  development  of  industry  has 
thus  been  slow  but,  on  the  other  hand,  most  of  the  population  produce 
their  own  food.  This  has  been  fortunate  for  the  country  during  the 
formative  period  just  passed  through  and  is  in  sharp  contrast  with 
the  situation  in  Austria  where  an  excessive  proportion  of  city  and 
industrial  population  has  demanded  the  costly  importation  of  bread 
and  meat  with  disastrous  effect  upon  the  international  trade  balance. 

LOCATION  AND  EXTENT 

The  Kingdom  of  Yugoslavia  Hes  in  the  western  part  of  the  Balkan 
Peninsula.  It  is  bounded  on  the  north  by  Austria  and  Hungary, 
on  the  east  by  Rumania  and  Bulgaria,  on  the  south  by  Greece  and 
Albania,  and  on  the  west  by  Italy  and  the  Adriatic  Sea.  The  total 
area  is  96,134  square  miles,  or  approximately  as  large  as  the  State 
of  Oregon.  Its  capital,  Belgrade,  located  near  the  forty-fifth  parallel 
of  north  latitude,  is  approximately  the  same  distance  from  the 
Equator  as  St.  Paul,  Minn. 

PHYSICAL  CONDITIONS 

Yugoslavia,  cut  by  six  mountain  complexes,  is  a  mountainous 
country  with  an  average  elevation  of  300  meters  (984  feet).  Low- 
lying  plains  are  found  in  the  valleys  of  the  Danube  and  its  tributaries 
in  the  northeastern  part  of  the  Kingdom.  These,  together  with 
river  valleys  and  plams  in  other  parts  of  the  Kingdom,  comprise 
some  60,000  square  kDometers  (23,166  square  miles),  or  about  24  per 
cent  of  the  total  area. 

Slovenia  (Camiola)  lies  in  the  upper  valleys  of  the  Sava  and  the 
Drava  Rivers  and  the  mountainous  regions  between  the  headwaters 
of  these  rivers — the  so-called  Stony  Alps.  This  is  a  heavily  wooded 
district,  42.64  per  cent  of  the  total  area  being  covered  by  forests. 
Mining  and  lumbering  are  important  industries.  Field-crop  pro- 
duction is  confined  to  the  valleys,  19.7  per  cent  of  the  total  area  of 
Slovenia  having  been  under  plow.  There  are  numerous  parks  and 
pastures  in  the  forested  hills  as  well  as  meadow  lands  in  the  valleys, 
12.58  per  cent  of  the  total  area  being  classified  as  pasture  lands  and 
16.02  per  cent  as  meadows  in  1922.  Rainfall  is  more  plentiful  in 
these  upper  valleys  than  in  the  lower  Sava  regions  so  that  this  dis- 

"  One  gold  dinar  is  equivalent  to  19.3  cents. 

«  As  a  re.sult  of  the  lon^  Turkish  domination,  followed  by  wars  and  Internal  difflcultles,  Industry  has 
l)een  but  little  develoi)ed  in  Serbia  and  Hosnia.  Ooatia  and  Slavonia,  Slovenia  and  Viovodina  are  better 
endowe<l  with  factories,  but  here,  too,  a  shortage  of  fuel  and  the  conii)etition  of  other  parts  of  the  former 
Austro-HunKarian  Empire  have  restricted  development.  •  •  •  Apart  from  agricultural  and  timl)er 
manufactures,  manufactured  goods  in  1U23  amounted  to  only  4  per  cent  of  the  total  exports.    (5,  p.  11 4). 


134  TECHNICAL  BULLETIN  126,  V.   S.  DEPT.  OF  AGRICULTURE 

trict  is  better  adapted  to  livestock  production  than  any  other  in 
Yugoslavia. 

In  Dalmatia  and  western  Croatia  the  mountains  rise  abruptly 
from  the  sea,  which  renders  rail  communication  with  the  rest  of 
Yugoslavia  extremely  difficult.  The  chniate  in  the  southern  part 
of  this  district  is  subtropical,  and  olive  production  is  a  leading  indus- 
try. Tobacco  is  also  grown  extensively,  but  the  mountain  slopes 
can  be  utiHzed  for  Uttle  but  sheep  and  goat  herding.  A  large  part 
of  the  population  is  supported  by  fishing  along  the  coasts.  Only 
9.9  per  cent  of  the  area  of  Dalmatia  was  classified  as  plowland  in 
1922,  as  contrasted  with  27.3  per  cent  forests,  45.1  per  cent  pas- 
tures, and  only  0.7  per  cent  meadows.  The  mountains  are  of  hme- 
stone  formation,  consequently  there  is  a  lack  of  ground  water  near 
the  surface.  A  greater  percentage  of  the  total  area  is  classified  as 
pastures  in  Dalmatia  than  is  true  in  any  other  district  of  Yugoslavia, 
but  the  quahty  of  these  grazing  lands  is  extremely  poor.  There  are 
practically  no  meadows  in  this  region  and  the  livestock  industry  is 
at  a  very  low  level.  Cultivated  fields  are  small  and  are  often  ter- 
raced upon  a  steep  hillside.  The  status  of  agriculture  and  of  the 
farmer  is  lower  in  Dalmatia  than  in  any  other  part  of  the  Kingdom 
of  Yugoslavia. 

The  hmestone  mountains  of  Dalmatia,  which  extend  into  Herze- 
govina and  northern  Montenegro  and  which  are  for  the  most  part 
stony,  waterless,  unproductive  wastes,  constitute  the  first  of  three 
ranges  of  the  Dinaric  Alps.  These  ranges  running  in  a  northwest 
to  southeast  direction  traverse  Croatia  and  Bosnia,  and  parts  of 
Serbia,  south  Serbia,  Herzegovina,  and  Montenegro. 

Crop  lands  in  Montenegro,  lying  almost  wholly  in  the  valley  ex- 
tending north  from  Lake  Scutari  (Skadar),  constitute  only  2.9  per 
cent  of  the  total  area  of  the  District  whereas  19.93  per  cent  of  the 
total  area  was  classified  as  forests  in  1922  as  compared  with  1  per  cent 
pastures  and  2.2  per  cent  as  meadows.  Fully  71  per  cent  was  un- 
productive. 

There  are  many  isolated  fertile  basins  in  the  central  range  of  the 
Dinaric  Alps  in  which  are  found  most  of  the  population  of  Bosnia. 
There  are  no  long,  contiguous  valleys,  and  for  that  reason  communi- 
cation between  the  different  settled  areas  is  very  difficult.  The  third 
range  slopes  toward  the  Sava  Valley,  and  the  country  lying  to  the 
northeast  is  made  up  of  rolling  plains  and  broad  valleys  of  great 
fertifity,  which  gradually  descend  to  the  northeast  and  merge  into  the 
great  plain  of  Hungary. 

A  Httle  less  than  half  of  Bosnia-Herzegovina  (49.7  per  cent)  was 
forested  in  1922  as  contrasted  with  24.9  per  cent  crop  lands.  The 
crop  lands  for  the  most  part  lie  in  the  northeastern  part  in  the  water- 
shed of  the  Sava  River.  About  8.2  per  cent  of  the  total  area  was  in 
meadows  in  1922  and  14.3  per  cent  pastures.  A  greater  percentage  of 
the  land  of  Bosnia-Herzegovina  was  classified  as  pasture  than  in  any 
other  district  of  Yugoslavia  except  Dalmatia.  Animal  industry  in 
these  regions  is  one  of  the  most  important  branches  of  agriculture. 

In  the  western  part  of  south  Serbia,  are  found  the  Pindaric  Moun- 
tains, which  stretch  along  in  narrow,  heavily  wooded  ranges  toward 
the  Albanian  frontier.  This  District,  including  Serbian  Macedonia, 
is  penetrated  frgm  the  east  by  the  Rhodope  Ranges,  that  also  form 
the  highlands  of  southwest  Bulgaria.     Fully  23.5  per  cent  of  the  total 
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area  of  south  Serbia  was  under  forests  in  1922  as  compared  with  12.3 
per  cent  under  plow,  1 .9  per  cent  meadows,  and  3  per  cent  pastures. 

In  southern  Serbia  there  are  broad  plains  well  suited  to  the  culti- 
vation of  cereals,  whereas  in  the  hill  country  large  areas  are  adapted 
to  the  production  of  tobacco.  The  Khodope  and  Dinaric  Ranges 
are  separated  by  the  broad,  fertile  valleys  of  the  Morava  and  Vardar 
Rivers.  These  constitute  the  heart  of  the  surplus  cereal  regions  of 
south  Serbia  and  the  old  Kingdom  of  Serbia.  The  plateaus  and 
rolling  hills  are  covered  with  forests  and  dotted  with  orchards.  Ex- 
t<ensive  meadows  and  pastures  supply  grazing  facilities  for  relatively 
large  nunibers  of  hvestock.  Rainfall  fluctuates  widely,  the  annual 
precipitation  at  Skoplje  averaging  19  inches,  at  Bitolj  28.3  inches, 
and  at  Belgrade  24.3  inches. 

The  Danube  River  has  forced  a  passage  through  the  Transylvanian 
Alps  called  the  "Iron  Gate."  From  this  point  southward  these 
mountains  form  the  eastern  frontier  of  Yuogslavia  until  they  meet 
the  Balkan  Ranges,  which  extend  with  an  east-to-west  trend  from 
the  Black  Sea  through  Bulgaria  into  the  old  Kingdom  of  Serbia. 

There  was  24.15  per  cent  of  the  total  area  of  the  old  Kingdom  of 
Serbia  classified  as  plowland  in  1922  as  contrasted  with  20.35  per  cent 
forests,  5.2  per  cent  meadows,  and  4  per  cent  pastures.  Before  the 
World  War  the  old  Kingdom  of  Serbia  was  a  surplus-producing 
region  of  growing  importance,  which  exported  appreciable  quantities 
of  most  farm  products  to  the  southeast  to  Turkey  and  Greece  or  to 
the  northwest  to  central  Europe. 

The  region  of  greatest  surplus  production  in  Yugoslavia  is  Voivodina 
in  the  northeastern  comer  of  the  Kingdom  in  the  valleys  of  the 
Danube  and  the  Tisza  (Theiss).  In  1922,  nearly  69.8  per  cent  of 
the  total  area  of  Voivodina  was  classified  as  plowland,  whereas  only 
12.72  per  cent  was  under  forests,  2.9  per  cent  meadows  and  9.6  per  cent 
pastures. 

The  western  portion  of  Croatia  hes  in  the  ranges  of  the  Dinaric 
Alps.  Toward  the  east,  in  Slavonia,  the  country  slopes  to  the  Danube 
River.  There  is  thus  great  variety  in  the  topography  and  in  the 
agriculture.  Taking  the  district  of  Croatia-Slavonia  as  a  whole,  33.9 
per  cent  was  classified  as  plowland  in  1922.  There  was  34.03  per  cent 
under  forests,  10.3  per  cent  meadows  and  13.4  per  cent  pastures. 

Most  of  the  southern  part  of  the  old  Kindgom  of  Serbia,  south 
Serbia,  central  Bosnia,  central  Croatia-Slavonia,  and  Slovenia 
(Camiola)  are  more  or  less  independent  as  regards  food  supplies, 
since  they  produce  enough  cereals  and  animal  products  in  good  years 
to  meet  their  own  requirements. 

Western  Croatia,  Dalmatia,  Herzegovina,  and  Montenegro  are 
deficient  in  field-crop  production  and  their  local  output  has  to  be 
supplemented  by  shipments  of  foodstuffs  from  other  parts  of  the 
Kingdom  or  from  abroad. 

The  northern  part  of  the  old  Kingdom  of  Serbia,  northwestern 
Bosnia,  eastern  Croatia-Slavonia,  and  all  of  Voivodina  constitue 
the  great  agricultural  surplus,  producing  region  of  Yugoslavia. 

UTILIZATION  OF  THE  LAND 

The  records  of  the  way  in  which  land  was  utilized  in  different  parts 
of  Yugoslavia  differ  greatly.  There  are  practically  no  Turkish 
records  covering  pre-war  conditions  in  south  Serbia,  and  in  other 
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districts  many  details  are  obscure.  The  pre-war  data  given  in 
Table  91  is,  therefore,  only  approximately  correct.  Peasant  agricul- 
ture predominated  in  the  greater  part  of  the  Kingdom,  but  in  the 
north  estate  farming  played  an  important  role.  For  this  reason, 
in  many  respects  the  agricultural  situation  in  Yugoslavia  has  been 
similar  to  that  of  other  southern  countries,  in  which  a  land  reform 
has  been  put  into  effect.  Thus,  although  the  total  acreage  of  cereals 
has  decreased,  there  has  been  an  increase  in  the  acreage  under  corn, 
making  greater  supplies  of  feed  available  to  the  peasants'  hogs  and 
for  exportation.  As  indicated  in  Table  91,  there  has  also  been  the 
usual  increase  in  meadows  and  pastures,  providing  greater  grazing 
facilities  for  the  peasants'  cattle  and  sheep. 

Table   91. — Utilization  of  land  in    Yugoslavia,   before    the   war   compared   with 

1920  and  1925 
[In  thousand  acres— i.  e.,  000  omitted] 


Item 

Pre-war 

1920 

1925 

Plowland: 

Cereals .            

12,623 
170 
199 
498 
208 
715 
1,547 

10,  822 
204 
198 
699 

12,240 

Leguminous  plants 

229 

Industrial  plants . 

291 

Roots  and  tubers..  _.    ..    .            .         .                               .  .      .. 

647 

Vegetables 

210 

Forage  plants 

553 
2,339 

514 

JFallow. -         

737 

Total 

15,960 

14,  715 

14,  868 

Meadows 

3,868 

6,468 

532 

927 

19,  037 

143 

14,545 

3,732 

6,322 

428 

533 

18,988 

176 

16,586 

4,054 

Pastures       .    ......... 

6,817 
440 

Vineyards 

Orchards  and  gardens 

930 

Forests  .                 . 

18,  224 

Reeds 

Unproductive  land  and  marshes 

16,068 

Grand  total 

61,480 

61,480 

1  61, 401 

Pre-war  and  1920  {22,  p.  94). 

1925  from  consular  report  of  K.  S.  Patton,  Oct.  25,  1926. 

.1  Figures  for  total  area  as  revised  by  the  Ministry  of  Agriculture. 

POPULATION 

It  is  estimated  that  84.23  per  cent  of  the  total  population  of  the 
old  Kingdom  of  Serbia  was  occupied  before  the  World  War,  in  till- 
age of  the  soil  and  in  herding  cattle  and  sheep.  Conditions  in  other 
parts  of  the  new  Kingdom  were  similar;  only  a  very  small  percentage 
of  the  population  lived  in  cities.  There  are  only  19  cities  of  more 
than  5,000  inhabitants  in  Yugoslavia.  The  largest  of  these,  the 
capital  city  of  Belgrade,  had  a  population  of  about  111,740  in  1921. 
In  that  year,  the  total  population  of  the  Kingdom  was  placed  at 
12,017,323  and  of  this  number  only  1,006,964  lived  in  towns  of  more 
than  10,000  inhabitants.  Outside  of  these  towns,  the  predominating 
occupation  of  the  south  Slavs  is  agriculture. 

The  original  home  of  the  Serbs,  Croats,  Slavonians,  and  Slovenes 
was  in  Gahcia  (now  part  of  Poland).  Toward  the  middle  of  the  sixth 
century  clans  of  these  Slavic  peoples  began  to  cross  the  Carpathians 
and  settle  on  the  great  plain  between  the  Danube  and  the  Tisza 
(Theiss),  the  Alfold  of  present  Hungary.  The  Slovenes  drifted  into 
the  highlands  west  of  the  Danube  and  into  the  foothills  of  the  Alps 
^outh  of  the  territories  occupied  by  the  Czechs  and  the  Slovaks,  and 
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penetrated  as  far  west  as  the  site  of  present-day  Trieste.  This 
country  was  occupied  by  Celts  who  had  been  driven  south  by  the 
Germans  who,  in  turn,  had  been  driven  south  bv  the  Czechs.  The 
Slovenes  are  thus  intermixed  with  the  aboriginal  Celts  to  a  greater 
degree  than  are  the  Croats,  whereas  the  Serbs  are  the  purest  in  Slavic 
blood.  The  Croats,  followed  by  the  Slavonians,  moved  in  south  of 
the  Slovenes,  settling  between  the  Drava  and  Sava  Rivers,  and  west 
in  the  northern  part  of  Dalmatia  of  to-day.  The  Serbs,  numerically 
the  most  powerful,  occupied  the  valley  of  the  Danube  and  the  country 
to  the  south  between  the  Adriatic  and  the  ^Egean  Seas. 

With  the  coming  of  the  Magyars  in  the  tenth  century  the  south 
Slavs  were  crowded  to  the  southern  limits  of  present-day  Hungary. 
The  Slovenes  fell  under  the  domination  of  the  Germans  in  the  ninth 
century  and  the  Croats  and  Slavonians  were  forced  to  enter  into  a 
union  with  the  Magyars  two  centuries  later.  The  Serbs  maintained 
their  independence  until  the  battle  of  Kossovo  in  1389,  when  they 
came  under  Turkish  domination. 

The  south  Slavs,  although  related  by  ties  of  blood  and  race  charac- 
teristics, differ  considerably  in  their  adaptability  to  agriculture. 
None  of  these  races  compare  favorably  with  the  Germans  or  with  the 
Czechs  as  tillers  of  the  soil.  The  Slovenes  have  been  under  German 
tutelage  for  a  thousand  years,  yet  they  do  not  possess  the  technical 
training  to  make  them  good  farmers.  The  lack  of  the  ordinary  learning 
of  the  common  school  has  left  their  thought  processes  so  undeveloped 
that  they  cling  tenaciously  to  the  farming  customs  of  their  ancestors 
{^1,  f.  251).  The  Croats  and  Slavonians  made  greater  progress  in 
farmmg  under  the  Hungarians  than  did  the  Slovenes  under  the  Austri- 
an-Germans. The  Serbs  were  the  latest  arrivals  in  the  Balkan  Penin- 
sula, and  the  latest  to  settle  down  to  field  cultivation,  so  that  the  Serb, 
although  said  to  be  the  best  fighting  man  in  Europe,  leaves  much  to 
be  desired  as  a  tiller  of  the  soil. 

LAND  TENURE 

The  old  Kingdom  of  Serbia  is  a  land  of  small  peasant  farms.  More 
than  96.3  per  cent  of  the  land  holdings  in  1897  had  a  combined  area 
of  less  than  49.5  acres  each.  Only  0.059  per  cent  of  the  holdings 
comprised  over  247.1  acres.     (Table  92.) 

Table  92. — Size  of  land  holdings  in  the  old  Kingdom  of  Serbia,  1897  {41,  p.  5) 


Area 

Properties 

Hectares  > 

Aone 

Total 

Percent- 
age of 
total 

IjOss  than  3. 

Less  than  7.4.                            

Number 

98,253 

62.620 

80,822 

40,780 

10,277 

560 

100 

12 

Percent 
33.479 

3  to  5 

7.4  to  12.4 

21.337 

6  to  10 

12.4  to  24.7 

27.540 

10  to  20.  .. 

24.7  to  49.4                    _            -._ .— 

13.896 

20  to  60 

49.  4  to  148.3 

3.502 

60  to  100 

148.3  to  247.1 

.187 

100  to  300- 

247.1  to  741.3          .    - 

.065 

300  and  over 

741.3  and  over 

.004 

Total 

293.474 

100.00 

>  1  hectare- 2.471  acres. 
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Conditions  in  Montenegro  were  similar.  In  south  Serbia,  the 
peasants  were  reduced  to  a  condition  even  below  that  of  the  serfs  of 
Bosnia-Herzegovina,  where  the  feudal  system  of  land  tenure  prevailed 
up  to  the  time  of  the  formation  of  Yugoslavia.  Bondage  to  the  soil 
was  hereditary  and  it  was  practically  impossible  for  any  individual 
to  escape  from  its  conditions.  The  serf  was  obliged  to  pay  to  his 
**beg"  or  feudal  lord  a  third,  a  fourth,  or  a  fifth  of  his  crops.  In 
addition,  he  was  compelled  to  render  personal  services  and  dues. 
The  peasants  are  Christians ;  whereas  nearly  90  per  cent  of  the  former 
feudal  lords  were  Moslems,  though  of  Serbian  blood.  Under  such 
conditions  it  was  impossible  to  estabUsh  farming  on  a  rational  basis. 

THE  LAND  REFORM 

Farms  in  the  old  Kingdom  of  Serbia  were  almost  exclusively  of  the 
small  peasant  type.  Most  of  those  that  comprised  100  hectares 
(247.1  acres)  or  more  belonged  to  peasant  family  cooperatives. 
There  were  no  feudal  institutions  in  Montenegro,  but  the  infer tihty 
of  the  soil  had  created  a  large  class  of  poor  peasants,  who  possessed 
most  of  the  arable  fields.  Feudalism  had  been  abolished  in  south 
Serbia  and  Macedonia  but  had  been  replaced  by  the  "serfdom  of 
personal  relations,"  in  which  the  peasant  had  to  bargain  with  his 
overlord  for  the  right  to  till  a  piece  of  land.  This  practice  was  subject 
to  greater  abuse  than  the  old  system. 

In  Bosnia-Herzegovina  the  feudal  system  was  continued  when  the 
country  came  under  Austrian  control,  but  the  great  lords  were  listed 
as  proprietors  of  the  land.  Later  the  serfs  were  given  the  privilege  of 
buying  themselves  free  after  coming  to  an  agreement  with  the  pro- 
prietor.    The  peasants  had  to  pay  the  redemption  price  themselves. 

In  Dalmatia  a  most  comphcated  mixture  of  systems  pre\' ailed. 
The  mediaeval  institutions  of  Serbian  and  Croatian  origin  were 
entangled  with  the  agrarian  system  of  Turkish  feudalism  and  the 
institutions  of  the  ancient  Venetian  Republic.  In  all  of  the  Districts 
south  of  the  Danube  and  Sava  Rivers  peasant  types  of  farming  had 
been  the  rule  for  centuries  so  that  the  land  reform  consisted  simply 
in  a  change  in  the  title  to  the  land  without  affecting  the  manner  in 
which  the  land  was  cultivated.  The  peasants  of  south  Serbia  and 
Macedonia,  realizing  the  strength  of  their  new  position  after  the  forma- 
tion of  the  Kingdom  of  Yugoslavia,  refused  longer  to  pay  dues  and 
retained  as  their  own  the  plots  of  land  that  they  had  formerly  worked 
in  subjection  to  their  landlords  under  the  Turkish  regime. 

Before  the  World  War,  about  a  third  of  the  plowlands  of  Bosnia- 
Herzegovina  were  held  by  feudal  tenure.  On  July  21,  1919,  the 
Government  directed  the  registration  of  the  serfs  in  the  "land  book." 
On  May  19,  1921,  the  sum  of  255,000,000  duiars  ($49,215,000  accord- 
ing to  normal  par  exchange)  ^^  was  set  aside  for  the  compensation  of 
the  feudal  lords.  This  involved  1,915,600  acres  of  land  which  were 
transferred  to  111,000  households  comprising  650,000  persons  who 
had  been  freed  from  serfdom. 

Aside  from  these  hereditary  serfs  or  bondmen,  there  were  bondmen 
of  another  kind  under  the  old  regime,  who  held  land  from  the  lords 
under  contract.  About  546,000  acres  were  so  held.  These  quasiserfs 
were  also  freed,  and,  if  they  were  bound  by  contracts  running  only 
10  years,  were  permitted  to  buy  directly  the  lands  they  had  previously 

«  Par  value  of  the  dinar  was  19.3  cents;  but  in  July,  1921,  bad  fallen  to  2.56  cents. 
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cultivated.  In  other  cases,  in  which  the  contracts  ran  for  40  years  or 
more,  the  State  bought  the  lands  on  behalf  of  the  peasants. 

None  of  these  changes  in  title  to  the  land  affected  agricultural 
production  to  any  appreciable  extent,  since  practically  all  of  the 
acreage  involved  had  been  previously  tilled  by  the  present  owners, 
according  to  traditional  peasant  methods. 

In  Slovenia  (Camiola)  also  the  land  reform  was  without  appreciable 
effect  upon  production.  Under  the  Austrian  regime  there  were  230 
large  estates  aggregating  about  469,500  acres,  of  which  about  89 
per  cent  was  forest  and  waste  land,  5  per  cent  meadows,  and  only  6  per 
cent  cultivated  land.  These  lands  had  been  leased  for  the  most  part 
to  peasant  cultivators  and  for  this  reason  little  or  no  change  in  farm 
methods  followed  when  the  peasants  obtained  final  possession. 

In  Voivodina,  1,147  large  estates,  totaling  956,000  acres,  were 
subject  to  the  land  reform.  Of  these,  242,000  acres  were  distributed 
among  farmers  and  50,000  acres  to  those  who  had  volunteered  in  the 
Serbian  Army  during  the  Balkan  and  World  Wars.  The  owners  of 
these  estates  were  extensive  breeders  of  horses  and  consequently  re- 
quired large  quantities  of  oats.  The  small  farmers  produced  swine 
and  therefore  grew  corn.  The  redistribution  of  the  estates  in  this 
district  is  reflected  in  a  decrease  in  the  areas  under  wheat  and  oats 
and  an  increase  in  the  com  acreage. 

There  were  363  lar^e  estates  totaling  609,000  acres  in  Croatia  and 
Slavonia  that  came  within  the  scope  of  the  land  reform.  In  the  begin- 
ning of  1921,  about  215,000  acres  were  distributed  among  peasants 
and  33,000  acres  were  alio  ted  to  ex-service  men  who  had  volunteered 
to  serve  against  the  Central  Powers.  Here,  also,  there  has  been  a 
sUght  trend  toward  increased  corn  production.  On  the  other  hand, 
regions  like  south  Serbia,  Bosnia,  and  Montenegro,  that  formerly 
received  a  considerable  portion  of  their  bread  cereals  from  the  surplus- 
producing  regions  of  the  north  were  cut  off  from  these  sources  of 
supply  during  and  after  the  World  War.  There  has  been  a  tendency 
on  the  part  of  the  inhabitants  of  these  deficit  production  regions  to 
make  themselves  more  nearly  independent  of  their  former  sources 
of  supply.  These  attempts  at  self-sufficiency  have  resulted  in  increas- 
ing the  total  acreage  under  wheat  in  Yugoslavia  at  the  expense  of 
rye  as  indicated  in  Table  93. 

Tablb  93. — Cereals,   potatoes,   and  sugar   beets:  Acreage,    prodttction,   and  yield 
per  acre  in  Yugoslavia,  average  1909-1913,  arid  annual,  1926 


Average  1909-1913  i 

1926 

Crop 

Acreage 

Produc- 
tion 

Yield 
per  acre 

Acreage 

Produc- 
tion 

Yield 
per  acre 

Bread  cereals: 

Wheat 

t, 000  acres 
4,010 
718 

1,000 

bushels 

67,759 

11,963 

Bushels 
16.9 
16.7 

1,000  (utes 

4,178 

500 

1,000 
bushels 
71,428 
7,464 

BusheU 
17.1 

Rye    -- 

14.0 

Total 

4,728 

79.742 

16.9 

4.678 

78.882 

16.0 

Brewing  and  fodder  cereals: 

Barley 

1,247 
1,381 
4.773 

22,601 
35,628 
116,108 

lai 

25.7 
24.3 

867 

871 

4.929 

17.275 
24.645 
134,251 

10.0 

Oats ..         

28.3 

Com 

27.2 

Total  5  chief  cereals 

12,129 

263,979 

20.9 

11,345 

256,053 

22.6 

Potatoes 

465 
35 

46.906 
IfiOO  short 
tons 
381 

103.1 

Short  tons 
10.9 

548 
86 

34.530 
IflOO  short 
tons 
652 

63.0 

Sugar  beets 

Short  tons 
7.6 

>  1909-1911  average,  for  the  old  Kingdom  of  Serbia  and  south  Serbia;  1011-1013  average,  for  Bosnia  and 
Herzegovina.    See  Table  96,  notes  2  and  10. 
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In  Croatia-Slavonia  the  large  estates  were  chiefly  devoted  to 
extensive  cereal  production,  whereas  the  great  majority  of  farm 
animals  were  found  on  the  small  holdings.  Taking  into  consideration 
only  the  livestock  in  the  possession  of  landowners,  the  peasants  owning 
71.1  acres  or  less  in  1911,  as  indicated  in  Table  94,  owned  94.1  per 
cent  of  the  cattle  on  farms,  93.5  per  cent  of  the  horses,  92.5  per  cent 
of  the  swine,  and  90.5  per  cent  of  the  sheep  in  these  districts. 

Table  94. — Livestock:    Number   in    Croatia-Slavonia,  by  size    of  land   holdings, 

1911  (15,  1912,  p.  132) 


Size 

Owners 
of  live- 
stock 

Cattle 

Horses 

Swine 

Arpentsi 

Acres 

Number 

Per 
cent 

Number 

Per 

cent 

Number 

Per 

cent 

On  farms: 

Less  than  1... 
lto5 

Less  than  1.4 

1.4  to  7.1 

7.1  to  14.2 

14.2  to  28.4 

28.4  to  71.1 

71.1  to  142.2 

142.2  to  284.4 

284.4  to  711 

711  to  1,422 

1,422  and  over... 

8,081 

120,846 

110, 073 

70,780 

22,011 

1,894 

433 

258 

162 

137 

7,057 

236, 016 

334, 876 

312, 890 

147,  415 

19,668 

6,472 

7,951 

10, 115 

21,  372 

0.6 

21.4 

30.3 

28.4 

13.4 

1.8 

.6 

.7 

.9 

1.9 

2,250 

39,205 

93,535 

115,964 

61,483 

8,560 

2,536 

2,113 

2,981 

5,447 

0.7 

11.7 

28.0 

34.7 

18.4 

2.6 

.8 

.6 

.9 

1.6 

11,709 

188,643 

267,  762 

317, 497 

215,  719 

35,824 

8,365 

6,766 

7,402 

22,256 

1.1 
17.4 

6  to  10 

10  to  20 

20  to  50.. 

60  to  100 

100  to  200 

200  to  500 

500  to  1,000- -- 
1,000  and  over 

24.8 

29.3 

19.9 

3.3 

.8 

.6 

.7 

2.1 

Total 

334,  675 
28, 870 

1, 103,  832 
31, 025 

100.0 

334,074 
12,582 

100.0 

1, 081,  943 
82, 079 

100  0 

Grand  total 

363,545 

1, 134, 857 

346,656 

1, 164, 022 

Size 

Owners 
of  live- 
stock 

Sheep 

Goats 

Mules 

Don- 
keys 

Arpents 

Acres 

Number 

Per 
cent 

Number 

Per 
cent 

On  farms: 

Less  than  1 

1  to  5 

Less  than  1.4 

1.4  to  7.1 

8,081 

120, 846 

110, 073 

70,  780 

22,011 

1,894 

433 

258 

162 

137 

7,209 

95,311 

173, 124 

252,  229 

229,  644 

44,  755 

10,040 

3,364 

5,005 

16, 131 

0.9 
11.4 
20.7 
30.1 
27.4 

5.4 

1.2 
.4 
.6 

1.9 

2,516 

21, 812 

27, 859 

26,581 

13,833 

993 

67 

33 

18 

3 

2.7 
23.3 
29.7 
28.4 
14.8 

1.0 
.1 

8 

174 
541 
122 
42 

7 

3 

1 

-. 

7 

210 
692 

6  to  10       

7.1  to  14.2 

219 

10  to  20 

14.2  to  28.4 

28.4  to  71.1 

71.1  to  142.2 

142.2  to  284.4 

284.4  to  711 

711  to  1,422 

1,422  and  over 

221 

20  to  50 

419 

60  to  100 

100  to  200 

200  to  500 

600  to  1,000 

1,000 and  over.. 

170 
56 
44 
60 
73 

Total 

334,  675 
28,870 

836,  812 
13,  671 

100.0 

93,  715 
1,883 

100.0 

899 
5 

2, 164 

107 

Grand  total 

363,  545 

850,483 

95,  598 

904 

2,271 

1  arpent= 1.422  acres. 


»  Less  than  0.1  per  cent. 


It  is  probable  that  one  of  the  direct  effects  of  the  land  reform  in 
Croatia,  Slavonia,  and  Voivodiaa  wUl  be  an  increase  in  the  number  of 
animals  held  on  farms.  It  is  the  natural  tendency  of  the  peasant  as 
he  obtains  more  land  to  increase  his  livestock  to  the  limit  of  the 
rough  forage  produced.  Professor  Nedeljkovitch,  wrote  in  Agrarian 
Reform,  5,  jp.  H5: 

The  agrarian  reforms  in  Yugoslavia  have  been  bitterly  criticised  on  many  sides. 
The  main  criticisms  are  (1)  that  the  whole  reform  was  carried  out  without  the 
previous  preparation  of  any  systematised  plan,  without  any  list  of  the  lands  to  be 
expropriated,  nor  of  the  families  among  whom  they  were  to  be  divided;  conse- 
quently that  expropriation  and  colonisation  were  done  by  guess  work;  (2)  colonisa- 
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tion  was  without  organisation;  the  settlers  were  not  provided  with  lodgings, 
implements,  seed,  or  food  to  carry  them  until  the  next  harvest,  very  often  being 
cast  upon  bare  land,  which  was  only  temporarily  granted  to  them.  Further,  that 
the  colonists  often  neglected  the  land  given  to  them  or  cultivated  it  quite  irration- 
ally, or  finally  let  it  to  speculators  for  a  mere  song;  in  every  case  with  the  result 
that  production  fell  off,  and  social  and  national  purposes  were  frustrated;  (3)  both 
expropriation  and  colonization  were  carried  out  on  insufficient  bases,  and  on 
changing  regulations,  which  gave  every  opportunity  for  all  kinds  of  evil  influences 
and  corruption. 

All  these  criticisms  may  be  qualified  as  criticism  of  detail.  In  estimating  these 
large  social  reforms,  the  movement  must  be  viewed  from  a  distance  and  in  its 
historic  persp)ective.  It  was  executed  in  haste,  without  a  previous  systematic 
plan,  and  not  always  in  the  most  efficient  manner.  But  all  this  was  inevitable, 
for  circumstances  demanded  an  urgent  carrying  out  at  least  of  the  main  principle, 
leaving  the  details  to  later  laws. 

The  final  effect  of  the  land  reform  will  depend  upon  the  manner 
in  which  the  different  ethnic  types  of  peasants  handle  the  widely 
divergent  soils  in  the  widely  varymg  regions  that  they  occXipy. 

AGRICULTURAL  PRACTICES 

If  a  line  is  drawn  from  Zajecar,  on  the  Bulgarian  frontier,  to  the 
Drina  River,  thence  north  to  the  River  Sava  and  west  to  Fiume  the 
territories  of  the  south  Slavs  will  be  roughly  divided  into  two  regions 
as  regards  agricultural  practices.  South  of  this  imaginary  line  are 
found  most  of  the  old  Kingdom  of  Serbia  and  all  of  Bosnia,  Herze- 
govina, Montenegro,  and  south  Serbia.  The  life  of  the  peasantry 
of  these  regions  is  similar  to  that  of  the  peasants  of  Rumania  and. 
Bidgaria — that  is  to  say,  farming  is  organized  not  along  commercial 
lines  for  financial  profit,  but  to  furnish  the  means  of  hvehhood  to  the 
peasant  and  his  family.  The  production  of  enough  to  eat,  drink, 
and  wear,  and  to  pay  taxes  and  interest,  is  the  aim  of  the  year-round 
farm  occupation.  The  production  of  marketable  surpluses  is  inci- 
dental to  the  satisfaction  of  the  requirements  of  the  household. 

As  in  Bulgaria  and  Rumania,  so  in  the  southern  districts  of  Yugo- 
slavia, the  excessive  number  of  hohdays  has  a  stagnating  influence 
upon  field-crop  production,  because  so  many  of  these  days  on  which 
no  manual  labor  may  be  done  occur  at  critical  periods  of  the  seeding 
and  harvesting  seasons.  The  philosophjy  of  the  peasant  is  that  the 
harvest  does  not  depend  wholly  upon  his  individual  efforts;  it  is,  as 
he  says  "As  Providence  wills".  Therefore  the  needs  of  farming  are 
universally  neglected  on  hohdays.  The  Yugoslav  peasant  spends 
perhaps  75  days  out  of  the  365  in  actual  field  work.  The  remainder 
of  his  time  is  spent  in  pattering  around  doing  odd  jobs,  which  add 
to  his  comfort  but  which  do  not  add  to  the  productivity  of  his  farni. 
During  the  winter  he  hibernates  doing  httle  or  nothing  that  is 
constructive. 

The  agriculture  of  all  these  regions  is  of  the  most  primitive  peasant 
type.  No  regular  system  of  crop  rotation  is  practiced;  the  land  is 
allowed  to  lie  fallow  one  or  more  years  after  being  cropped  for  a 
season  or  two.  Animal  husbandry  has  developed  but  httle  above 
the  pastoral  stage  of  the  time  when  the  southern  Slavs  were  roving 
clans  drifting  southward  before  the  invading  Magyar  hordes.  Except 
in  certain  valleys  of  north  Serbia,  no  special  effort  has  been  directed 
toward  scientific  or  even  rational  breeding  and  feeding. 

Since  the  formation  of  Yugoslavia  as  an  independent  kingdom 
interest  in  agriculture  has  been  aroused  in  governmental  circles.     It 
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is  generally  recognized  that  production  is  far  below  the  potentialities 
of  soil  and  climate,  "barely  two-fifths  of  what  it  might  easily  become", 
according  to  K.  S.  Patton,  United  States  consul  at  Belgrade. 

The  chief  factors  associated  with  underproduction  in  field  crops 
in  southern  Yugoslavia  to-day  are:  (1)  Poor  seed;  (2)  poor  and 
shallow  farming  with  inadequate  cultivation  (corn)  after  seeding; 
(3)  generally  no  fertilizers;  and  when  used,  wrongly  chosen  and 
poorly  appHed;  (4)  little  or  no  understanding  of  the  significance  of 
crop  rotation;  and  (5)  primitive  methods  and  lack  of  machinery. 

The  peasant  farmer  is  intelHgent,  but  he  lacks  imagination  and 
training  and  is  conservative  to  the  point  of  having  reduced  his  farm- 
ing operations  to  certain  habits  based  upon  the  ancient  customs  of 
his  forefathers.  His  methods  are  usually  sufficiently  productive  to 
provide  for  the  simple  creature  comforts  essential  to  the  existence 
of  himself  and  his  family.  There  is  Httle  incentive  for  him  to  produce 
more. 

Should  the  peasant  produce  a  surplus  there  is  no  immediate  market 
among  his  neighbors,  each  of  whom  farms  and  fives  under  conditions 
similar  to  his  own.  Each  farm  unit  is  sufficient  unto  itself.  It 
produces  all  of  the  family's  food,  both  vegetable  and  animal,  yields 
corn  and  wheat  which  are  ground  into  meal  or  flour  at  a  near-by 
miU,  and  produces  feed  for  his  animals.  From  these  he  clips  the 
wool,  which  the  women  of  the  household  manufacture  into  cloth  for 
winter  clothing,  just  as  they  spin  and  weave  flax  for  summer  wear. 
He  tans  his  own  raw  leather  from  which  he  makes  sandals  (opantsi) 
for  himself  and  his  family.  Even  his  wagons  and  carts  are  usually 
made  on  his  own  farm,  often  from  his  own  timber.  There  is  no 
nonproducer  in  his  village  with  money  to  buy  his  products  and  no 
specialist  in  any  particular  line  of  farming  who  demands  the  things 
he  produces.  If  he  has  a  surplus  he  hauls  it  to  some  market  town 
and  takes  for  it  whatever  the  buyer  will  give. 

North  of  the  Danube  and  the  Sava  the  practices  of  agriculture, 
particularly  on  the  large  estates  of  Voivodina,  Croatia,  and  Slavonia, 
under  pre-war  conditions,  were  more  nearly  modern  and  were  far 
superior  to  those  ancient  customs  and  habits  that  actuated  the  farm- 
ing in  the  southern  districts.  Agricultural  machinery  was  employed 
to  a  fair  extent,  seed  was  selected  and  planted  in  carefuUy  prepared 
fields. 

In  Croatia-Slavonia,  the  native  gray  cattle  brought  by  the  migrating 
clans  from  the  Russian  steppes  had  been  replaced  to  a  large  extent  by 
Swiss  breeds  and,  although  conditions  were  not  so  far  advanced,  in 
Voivodina,  less  than  half  the  cattle  were  of  the  gray  aboriginal  breeds. 
Mangofica  swine  had  practically  superseded  the  native  breeds  in  these 
northern  regions.  Only  in  the  matter  of  sheep  had  these  northern 
farmers  exhibited  conservatism;  they  clung  to  the  ancient  milk  sheep 
which  were  brought  into  the  country  from  western  Russia,  and  have 
not  followed  the  example  of  the  Magyars  by  breeding  Merino  sheep 
from  Spain  for  their  fine  wool. 

FERTILIZERS 

The  agriculture  of  each  of  the  districts  in  Yugoslavia  is  char- 
acterized by  the  extent  to  which  commercial  fertilizers  are  employed 
in  farming.  About  50  per  cent  of  the  commercial  fertilizers  used  in 
Yugoslavia  in  1925  were  employed  in  Voivodina.     Croatia-Slavonia 
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Utilized  25  per  cent  and  Slovenia  15  per  cent.  Although  there  was  a 
hydro-electrolytic  nitrogen  plant  in  Dalmatia  only  about  2  per  cent 
of  the  cyanainid  produced  in  1925  was  consumed  in  the  country 
itself  whereas  98  per  cent  was  exported  or  held  in  reserve.  In  the  south 
of  Yugoslavia,  the  use  of  even  stable  manure  is  very  restricted. 

Agricultural  production  in  the  south  was  severely  affected  by  the 
disrupting  influences  of  the  World  War;  but  being  of  the  primitive 
type,  recuperation  was  rapid.  In  the  north,  return  to  normal  has 
been  slower.  These  were  the  regions  of  the  large  estates  which, 
through  the  provisions  of  the  land  reform,  have  been  divided  and 
reorganized  into  smaller  holdings.  Added  to  the  disorganization 
consequent  upon  the  war,  changes  in  the  manner  in  which  former 
large  estate  lands  are  being  worked  have  affected  agricultural  pro- 
duction, particularly  in  Croatia-Slavonia,   and  Voivodina. 

COMMUNICATIONS 

The  surplus-producing  districts  of  Yugoslavia  lie  in  the  valleys 
of  the  Danube  River  and  of  its  tributaries,  the  Sava,  the  Drava,  and 
the  Tisza,  which  furnish  1,118  miles  of  river  navigation  within  the 
Kingdom  itself.  There  are  102  river  ports  and  quays  but  these  are 
primitive,  with  no  special  accommodations  for  storing  goods  and  no 
mechanical  contrivances  for  loading  or  unloading.  This  river  system 
has  a  connection  down  the  Danube  through  the  Iron  Gate  with  Braila 
in  Rumania,  thence  to  western  Europe,  and  up  the  Danube  to  Budapest, 
Vienna,  and  Bavaria,  thence  to  central  Europe.  On  the  other  hand, 
there  are  no  special  connections  between  the  ports  and  the  local 
railways.  This  makes  the  movement  of  crops  and  livestock  products 
more  difRcult  and  expensive  than  in  central  European  countries, 
with  their  better  organizations  and  facilities.  The  movement  of 
goods  by  rail  and  water  is  further  complicated  by  the  fact  that  there 
is  no  unity  in  the  railway  system  itself. 

North  of  the  Sava  and  the  Danube  Rivers,  the  former  Austrian 
and  Hungarian  territories  now  constituting  the  Districts  of  Slovenia, 
Croatia,  Slavonia,  and  Voivodina  are  fairly  well  served  by  six  lines  of 
standard-gauge  railways  that  were  parts  of  the  Austro-Hungarian 
system.  There  is  a  trunk  line  in  the  west  from  Vienna  to  Zagreb, 
whence  two  lines  run  to  the  Adriatic — one  to  Trieste  and  the  other  to 
Fiume.  A  trunk  line  in  the  east  runs  from  Budapest  through  Novisad 
to  Belgrade,  thence  via  Nis  in  the  old  Kingdom  of  Serbia,  and  Sofija 
in  Bulgaria  to  Istambul  (Constantinople).  From  Nis  a  branch  line 
runs  south  through  south  Serbia  to  Salonika.  The  two  trunk  lines  are 
connected  by  a  line  running  transversely  through  Croatia-Slavonia 
from  Belgrade  to  Brod  and  thence  to  Zagreb. 

There  are  3,500  kilometers  (2,175  miles)  of  narrow-gauge  (2  feet 
6  inches)  railway  in  Bosnia-Herzegovina  connecting  Brod,  Serajevo, 
Mostar,  Ragusa,  Castelnio,  and  Zelenika  on  the  Adriatic  in  south 
Dalmatia.  This  line  can  handle  only  474,000  short  tons  of  shipping 
between  Herzegovina  and  Dalmatia  per  year  and  is  inadequate  to  the 
needs  of  the  country. 

In  1925  another  connection  with  the  sea  was  established  by  a  line 
linking  Grachats  and  Knin,  thus  bringing  Zagreb  in  connection  with 
Split  (Spalato)  and  Sibenik  (Sebenico).  There  is  great  inequality  in 
the  distribution  of  railways.  There  is  1  mile  of  railway  to  6.8  square 
miles  of  territory  in  Voivodina,  1  mile  to  8  square  miles  in  Slovenia 
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and  Croatia-Slavonia,  1  to  20.5  square  miles,  in  Bosnia-Herzegovina 
1  to  23.6  square  miles  in  Dalmatia,  and  1  to  29.8  square  miles  in 
Serbia  (north  and  south)  and  Montenegro.  The  mean  for  the  country 
as  a  whole  is  1  mile  for  each  14.2  square  miles  of  area. 

Slavonia,  Voivodina,  northeastern  Bosnia  and  the  northern  part  of 
the  old  Kingdom  of  Serbia  may  be  said  to  be  fairly  well  served  with 
transportation  facilities,  including  rail,  waterways,  and  wagon  roads. 
Slovenia,  Croatia,  central  Bosnia,  and  the  central  part  of  the  old 
Kingdom  are  not  so  well  provided  with  transportation.  South 
Bosnia,  the  southern  part  of  the  old  Kingdom  and  south  Serbia 
have  little  transportation  facilities.  In  the  mountainous  regions  of 
southwestern  Croatia,  western  Bosnia,  Herzegovina,  Montenegro, 
and  Dalmatia  there  are  practically  no  transportation  facilities  aside 
from  pack  animals. 

There  are  43,625  kilometers  (27,107  miles)  of  roads  in  Yugoslavia, 
or  0.3  mile  per  square  mile  of  territory.  There  are  6,240  miles  in 
north  and  south  Serbia,  5,963  miles  in  Croatia-Slavonia,  4,533  miles 
in  Slovenia,  4,325  in  Bosnia-Herzegovina  (of  which  1,472  miles  are 
pack  trails),  2,948  miles  in  Voivodina,  982  miles  in  Dalmatia  (of  which 
76  mUes  are  pack  traUs),  and  511  miles  in  Montenegro. 

The  unsolved  problems  of  transportation  in  Yugoslavia  have  a  more 
vital  bearing  upon  the  development  of  the  agriculture  of  the  country 
than,  perhaps,  in  any  other  of  the  Danube  States.  The  lack  of 
communicating  roads  and  adequate  organized  means  of  transportation 
results  in  a  relatively  high  cost  of  moving  goods  within  the  Kingdom 
and  consequently  reduces  the  price  receivable  by  the  producer. 

SELLING  FARM  PRODUCTS 

On  account  of  the  small  size  of  peasant  farms  and  the  fact  that 
most  products  are  consumed  at  home,  no  large  surpluses  of  farm 
products  of  uniform  quality  are  available  for  purchase  in  most  parts 
of  Yugoslavia.  As  a  rule,  lots  offered  for  sale  are  very  small  and, 
although  there  is  a  general  similarity  in  the  kind  of  grain,  wool, 
swine,  plums,  etc.,  grown  in  any  one  district,  the  products  of  individual 
peasants  vary  considerably  in  quality. 

According  to  an  investigation  conducted  by  Mihailo  Avramovitch, 
the  father  of  the  Serbian  cooperative  movement,  the  quantity  of 
surplus  marketed  varied  greatly  according  to  the  size  of  the  land 
holding.     (Table  95.) 

Table  95. — Farm  production  by  peasants:  Percentage  consumed  at  home  and  sold^ 
classified  by  size  of  holding  {3,  p.  169) 


Size  of  holding 

Percentage  of 
production 

Hectares  i 

Acres 

Con- 
sumed at 
home 

Sold 

Less  than  1. 

Less  than  2.5 

Per  cent 
89.0 
81.0 
80.0 
79.0 
78.0 
74.0 
68.5 
59.0 

Per  cent 
11.0 

1  to  2... 

2.5  to  4.9 

19.0 

2  to  5... 

4.9  to  12.4. 

20.0 

6  to  10.  . 

12.4  to  24.7 

21.0 

10  to  15 

24.7  to  37.1 

22.0 

15  to  30... 

37.1  to  74.1 

26.0 

30  to  60. 

74  1  to  123  6 

31.5 

60to70 

123.6  to  173.0 

41.0 

1  hectare =2.471  acres. 
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Before  the  World  War,  commercial  quantities  of  agricultural 
products  were  usually  assembled  by  agents  of  some  bank  or  trading 
concern,  who  were  located  at  market  towns,  from  which  their  spheres 
of  activity  extended  into  adjacent  territories.  Sometimes  these  pur- 
chasing agents  were  in  the  employ  of  an  export  organization  but  as 
a  rule  it  was  the  custom  of  Austrian,  Hungarian,  and  German  im- 
porters to  send  their  buyers  into  those  districts,  in  which  were  pro- 
duced the  particular  grades  of  products  suited  to  the  requirements 
of  their  patrons.  This  meant  bargaining  with  individual  peasants, 
who  had  brought  a  few  bushels  of  grain,  a  few  pounds  of  prunes, 
wool,  or  silk  cocoons,  or  perhaps  a  homemade  rug  to  the  market 
place. 

Although  somewhat  modified,  much  the  same  system  of  purchase 
that  was  in  vogue  before  the  World  War  persists  to-day. 

AGRICULTURAL  COOPERATIVE  SOCIETIES 

The  traditional  family  organization  of  the  south  Serbs  was  along 
cooperative  lines,  and  for  that  reason  the  cooperative  movement  has 
had  marked  success  in  Yugoslavia.  It  is  estimated  that  before  the 
World  War  there  were,  in  the  territories  now  comprising  Yugoslavia, 
3,890  Slav  cooperative  societies  with  447,060  members,  390  Hun- 
garian societies  with  113,000  members,  and  130  German  societies 
with  52,000  members.  These  societies  are  of  various  kinds  including 
societies  for  credit  facilities,  mutual  help,  consumers'  societies, 
societies  for  the  sale  of  agricultural  products,  wine-growers'  societies, 
etc.  It  is  customary  for  the  local  cooperatives  to  combine  into  dis- 
trict and  provincial  imions,  through  which  the  membership  sells  a 
large  part  of  farm  surpluses  of  its  constituents  and  purchases  a  large 
part  of  all  the  commodities  required  by  the  member  farmers. 

The  leading  cooperative  unions  of  Yugoslavia  have  pooled  their 
interests  and  have  formed  the  Central  Federation  of  Cooperative 
Unions.  These  unions  purchase  goods  with  their  individual  resources 
and  on  the  collective  responsibility  of  their  members.  None  are 
guaranteed  or  supported  by  the  Government  as  the  whole  move- 
ment has  developed  without  State  aid.  Products  are  assembled 
and  graded  for  sale  but,  as  yet,  the  movement  has  not  developed 
enough  to  be  an  appreciable  factor  in  export  trade. 

There  were  22  unions  in  Yugoslavia  in  1922  combining  4,862 
cooperatives,  with  a  total  membership  of  784,443.  Of  these  coop- 
eratives, 2,649  or  55  per  cent  were  credit  organizations,  whereas 
2,213  or  45  per  cent  performed  various  functions  of  buying,  selling, 
manufacturing,  and  producing.  Transactions  in  goods  in  1922  com- 
prised 8,168  carloads  ^  of  agricultural  necessities  and  foodstuffs, 
112,661  machines,  1,220,000  implements,  1,750  cases  of  various 
goods,  64,050  meters  (70,045  yards)  of  textiles,  and  19,876  pairs  of 
shoes.  The  agricultural  necessities  were  as  follows:  Wheat,  1,552 
carloads;  seed,  24  carloads;  cattle  fodder,  526  carloads;  commercial 
fertilizers,  401  carloads;  copper  sulphate  and  other  substances,  345 
carloads;  foodstuffs,  1,696  carloads;  groceries,  842  carloads;  and 
wicker  goods  and  wood,  2,782  carloads. 

As  stated  by  Ljudevit  Prohaska  (5,  p.  176):  The  above  "figures 
relate  to  the  position  of  the  cooperative  movement  in  1922,  and  are 

M  Ono  carload  is  10  metric  tons,  or  22,046  pounds. 
44874°— 29 10 
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based  on  the  statistical  data  from  the  cooperatives  for  1921."  Based 
on  Prohaska's  statement,  it  appears  that  out  of  a  total  number  of 
4,862  cooperatives,  reports  were  received  from  3,656.  The  total  num- 
ber of  members  amounted  to  about  784,443;  which  is  6.53  per  cent 
of  the  total  inhabitants.  Hence,  the  cooperatives  comprise  3,922,215 
persons  or  32.64  per  cent  of  the  population,  reckoning  a  member's 
family  as  five  persons. 

The  total  capital  amounted  to  31,640,000  dinars ^^  [or  $588,504]; 
deposits,  365,685,000  [$6,801,741];  loans  to  members,  195,970,000 
[$3,645,042];  shares  in  unions,  105,129,000  [$1,955,399];  credits  to  co- 
operatives given  bv  the  union,  85,212,000  [$1,584,943];  management 
expenses,  13,950,000  [$259,470].  The  total  turnover  was  4,029,027,000 
dinars  [$74,939,902]. 

The  cooperatives  average  161  members,  and  one  cooperative  exists 
for  each  2,472  inhabitants. 

FARM  IMPLEMENTS  AS  WAR  REPARATIONS 

In  July,  1927,  it  was  reported  that  the  Ministry  of  Agriculture  and 
Waters  had  transmitted  to  the  Ministry  of  Foreign  Affairs  a  list  of 
various  agricultural  tools,  implements,  and  machinery  which  were  to 
be  delivered  by  Germany  to  the  Kingdom  of  Yugoslavia  on  account  of 
war  reparations.  This  list  includes  sprayers,  presses,  filterers,  etc., 
for  use  in  vineyards,  plows,  planters,  cultivators,  harvesting  machines, 
threshers,  etc.  Most  of  these  implements  will  be  distributed  in  the 
old  Kingdom  of  Serbia.  Their  use  will  be  restricted  to  large  fields, 
both  private  and  those  worked  in  common.  Most  of  the  fields  in  the 
old  Kingdom  are  too  small  to  carry  the  overhead  of  an  equipment  of 
farm  implements  or  even  to  admit  of  their  use.  The  practical  appli- 
cation of  farm  machiuery  to  agriculture  on  an  extensive  scale  can  not 
be  accomplished  without  the  consolidation  of  tiny  holdings  into  fields 
of  larger  size.  As  in  most  countries,  in  southeastern  Europe  the 
diflSculties  to  be  overcome  before  this  can  be  done  are  almost  insur- 
mountable. 

STATUS  OF  FIELD  CROPS  AND  LIVESTOCK 

The  destruction  of  livestock  during  the  World  War  in  the  old 
Kingdom  of  Serbia,  was  tremendous  and  the  depletion  of  the  numbers 
of  domestic  animals  in  each  of  the  other  Districts  occupied  by  the 
South  Slavs  was  very  great.  Nevertheless  the  census  of  1921  does 
not  show  an  inordinate  decrease  when  compared  with  pre-war  esti- 
mates. In  1922  and  in  1923  there  were  serious  droughts,  which 
forced  a  large  exportation  especially  of  meat  and  meat  preparations. 
In  spite  of  the  fact  that  very  considerable  reparations  in  kind  have 
been  paid  by  Germany,  Hungary,  and  Bulgaria  to  Yugoslavia,  and 
that  these  animals  have  been  employed  in  building  up  the  flocks  and 
herds  of  the  country,  the  enumeration  of  1925  shows  the  numbers  of 
horses  employed  in  agriculture  to  be  93.9  per  cent  of  the  pre-war 
estimate  for  total  horses;  cattle  employed  as  work  animals,  74.3  per 
cent  of  the  pre-war  estimate  for  total  cattle;  swine  found  only  on  farms, 
71.4  per  cent  of  total  pre-war  number  of  swine;  sheep,  75.3  per  cent 
and  goats,  62  per  cent.  The  post-war  numbers  reported  do  not 
represent  the  total  numbers  of  domestic  animals  in  Yugoslavia. 
There  are  considerably  greater  numbers  in  the  Kingdom  than  have 

MThe  average  value  of  the  dinar  during  the  last  6  months  of  1921  was  equivalent  to  1.86  cents. 
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been  reported  so  that  the  status  of  livestock  in  1925  was  better  than 
indicated  by  these  percentages. 

The  acreages  of  rye,  barley,  and  oats  were  below  the  pre-war 
average  in  1925,  whereas  the  areas  under  wheat  and  corn  were  above. 
The  total  area  devoted  to  these  five  cereals  was  11,836,000  acres  as 
compared  with  12,129,000  acres  or  only  2.4  per  cent  below  the  pre- 
war status. 

Of  this  area,  4,875,000  acres  were  under  bread  cereals  in  1925  as 
compared  with  4,728,000  acres  before  the  World  War — an  increase 
of  147,000  acres.  There  was  also  an  increase  in  com  acreage  from 
4,773,000  acres  to  5,222,000  in  1925.  The  increase  in  the  acreage  of 
wheat  took  place  chiefly  in  those  districts  of  Bosnia  and  western 
Croatia  that  had  suffered  from  want  of  bread  during  the  World  War. 
The  increases  in  com  were  for  the  most  part  in  the  districts  of  the 
northeast  that  were  affected  by  the  land  reform.  On  the  other  hand, 
areas  seeded  to  oats  and  barley  showed  a  general  tendency  to  decrease. 

It  is  probable  that  after  the  changes  associated  with  the  postwar 
adjustment  of  frontiers,  the  rearrangement  of  market  centers,  the 
land  reform,  and  other  postwar  disturbing  factors  have  run  their 
course,  the  peasants  of  Yugoslavia  will  readjust  themselves  to  the 
new  order  of  things  and  will  settle  down  to  a  routine  of  farming  similar 
to  that  followed  before  the  war. 

It  is  probable  that  in  regards  to  areas  of  field  crops,  future  operations 
will  fluctuate  about  the  acreages  indicated  by  the  crop  reports  of 
1925  and  1926.  Livestock  numbfers  will  tend  to  increase  at  least  to 
the  1921  levels  and  with  the  exception  of  sheep  will  probably  exceed 
the  pre-war  levels,  particularly  in  Croatia-Slavonia  and  in  Voivodina. 

CEREALS 

WHEAT 

Before  the  World  War  the  old  Kingdom  of  Serbia  exported  as  grain 
and  flour  35.3  per  cent  of  its  net  wheat  production  up  the  Danube  to 
Germany  (Bavaria)  and  Austria-Hungary,  south  by  rail  to  Turkey 
(probably  to  south  Serbia  as  well  as  to  Istambul),  and  east  down  the 
Danube  to  Rumania  (probably  for  reshipment  to  western  European 
points).  The  District  of  Voivodina  is  estimated  to  have  shipped  to 
northern  points  within  the  Austro-Hungarian  Empire  69.6  per  cent 
of  its  net  production,  a  large  part  of  which  was  first  ground  into  flour 
by  the  local  mills.  Eastern  Slavonia  between  the  Sava  and  the 
Danube  Rivers  was  a  region  of  wheat  surplus;  but  its  surplus  was 
more  than  offset  by  deficits  of  the  western  districts  and  Croatia. 
Similarly,  the  northeastern  districts  of  Bosnia  shipped  wheat  up  the 
Danube,  whereas  the  western  districts  and  Herzegovina  imported 
wheat  flour  from  Budapest.  South  Serbia,  Montenegro,  Dalmatia, 
and  Slovenia  were  regions  of  deficit  wheat  production. 

The  rate  at  which  wheat  was  consumed  by  local  populations 
before  the  World  War  varied  greatly  in  different  parts  of  the  Kingdom. 
The  mountaineers  of  Montenegro  eat  less  wheat  than  do  any  of  the 
other  southern  Slavs,  averaging  1 .65  bushels  per  capita  each  year,  as 
contrasted  with  5.14  bushels  per  capita  in  the  surplus  wheat-producing 
District  of  Voivodina. 

As  shown  in  Table  96,  the  total  annual  pre-war  area  under  wheat 
in  Yugoslavia  averaged  4,010,000  acres  producing  67,759,000  bushels 
of  wheat.     Seed  requirements  averaged  11,879,000  bushels  and  sta- 
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tistical  disappearance  has  been  estimated  at  44,094,000  bushels 
annually,  leaving  11,786,000  bushels  as  the  approximate  surplus 
available  for  export  each  year. 

Table  96. — Wheat:  Statistical  balance  of  Yugoslavia,  pre-war  average,  and  annual, 

1921-22  to  1926-27 


Years 

Popula- 
tion 1 

Acre- 
age 

Seed 

Production 

Disappearance 

Surplus 

District 

Gross 

Net 

Statis- 
tical 

Per 
capita 

(+)  or 

deficit 

(-) 

Pre-war  period: 
Old    Kingdom   of 

Serbia  2          

190^1911 
1909-1911 
1909-1913 

1911-1913 
1909-1913 

1909-1913 

1909-1913 
1909-1913 

1909-1912 

Number 
2,911,701 
1,  664, 807 
238,423 

1, 931, 802 
13  631,610 

2, 731, 738 

1,063,767 
1,  352,  844 

23  72,  413 

1,000 

acres 

944 

390 

12 

262 

74 

833 

139 
1,344 

12 

1,000 
bushels 
3  3,009 
6  1,201 

3  38 

779 
3  236 

18  2, 366 

16  395 
20  3, 817 

3  38 

1,000 

bushels 

14,  746 

6,090 

151 

3,257 
992 

13,  516 

2,158 
26,700 

149 

1,000 

bushels 

11,737 

4,889 

113 

2,478 
756 

11,150 

1,763 
22,883 

111 

1,000 

btishels 

7,595 

6,360 

394 

4,963 
1,547 

13,358 

2,734 
6,954 

189 

Bushels 

2.61 

7  3.82 

1.65 

2.57 
1^  2. 45 

17  4. 89 

"  2.  57 
21  5. 14 

24  2. 61 

1,000 
bushels 

*  +4, 142 
-1,471 
»-281 

11  -2, 485 
-791 

-2,  208 

-971 
+15,929 

—78 

South  Serbia » 

M  ontenegro « 

Bosnia  -  Herzego- 

Dalmatia  " 

Croatia,  Slavonia, 

Medjmurje,  Krk, 

and  Kastav  is... . 

Slovenia  and  Pre- 

kmurjeis. 

Voivodina" 

Ceded     by     Bul- 
garia 22 

•  Total— 

12,  599, 105 

4,010 

11,879 

67,  759 

55,880 

44,094 

3.50 

+11,  786 

f     1921-22 
1922-23 
1923-24 
1924-25 
1925-26 

Post-war  period  2«___ 

12,  017,  323 
12, 176,  000 
12,334,000 
12,  492,  000 
12,  650,  000 

3)673 
3,842 
4,244 
4,382 

26  10,  949 

10,  872 

11,  372 

12,  562 
12, 971 

51,809 
44,  472 
61,068 
57,  770 
78,  646 

40,860 
33,600 
49,696 
45,208 
65,  675 

37,  427 
33,  457 
44,979 
38, 112 
56,456 

3.11 
2.75 
3.65 
3.05 
4.46 

27  +3, 433 
27  +143 
27  +4,  717 
27  +7,  096 
27  +9,  219 

Average,  1921- 
1925 

12,  334,  000 

3,968 

11,  745 

58,753 

47,008 

42,086 

3.41 

+4,922 

1926-27 

12,808,000 

4,178 

12,  367 

71,428 

59,061 

1 

1 

1  Pre-war  population  is  for  1910.   1910  and  1921  (47).  1924  (17, 192^-25).   1922, 1923, 1925,  and  1926,  estimated. 

2  Acreage  and  production  {17, 1909-1911).    Engaged  in  Balkan  War  in  1912-13. 

3  3.187  bushels  per  acre;  same  as  Bulgaria. 

<  Net  exports  for  calendar  years  {17,  1909-1921). 

5  Acreage  and  production  estimated  by  taking  the  same  r>ercentage  of  old  Kingdom  as  acreage  harvested 
during  1921  and  1922. 

6  3.08  bushels  per  acre;  midway  between  Bulgaria  and  Bosnia-Herzegovina. 

7  Midway  between  Bulgaria,  1912  boundaries  (5.07)  and  Bosnia-Herzegovina. 

8  Acreage  and  production,  estimated  by  taking  the  same  percentage  of  Bosnia-Herzegovina  as  acreage 
harvested  during  1921  and  1922. 

« Import  for  1912  reported  in  {16,  p.  95). 

16  Acreage,  production,  and  seed  {27, 1921,  pp.  59-60).    Data  not  available  for  1909-10. 

11  Average  1911-1913,  net  import  of  wheat  and  wheat  flour.  1911  and  1912  {5,  Jahrg.  14-15);  1913  (16,  p.  S9). 

12  Acreage  and  production  (/). 

13  Population  for  Dalmatia  including  Zara  645,666,  from  (27, 1921,  p.  60).    Population  of  Zara,  14,056  (/). 
"  At  same  rate  as  Bosnia-Herzegovina. 

»  Acreage  and  production  for  Croatia-Slavonia  (/5).  Medjmurje,  calculated  from  same  source,  area 
and  production  being  proportional  to  that  of  total  area  of  Zala.  Krk  and  Kastav  being  proportional  to 
total  area  of  coast  land.    Coast-land  area  and  production  given  in  {27, 1921,  p.  58). 

16  2.84  bushels  per  acre,  as  estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  for  Croatia-Sla- 
vonia {22,  p.  IS). 

17  At  same  rate  as  estimated  for  Croatia-Slavonia,  by  Royal  Himgarian  Ministry  of  Agriculture  {22, 
p.  IS). 

13  Acreage  and  production  for  Slovenia  calculated  from  (1).    Prekmurje,  calculated  from  {15). 

i»  Acreage  and  production  calculated  from  data  in  {15,  [Bd.]  17-21) j  according  to  areas  indicated  in  (^7). 

2«  2.84  bushels  per  acre  as  estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  {22,  p.  13). 

21  At  same  rate  as  in  {22,  p.  13). 

22  Calculated  from  {9,  1909-1912). 

23  Calculated  from  {8,  Ann.  4). 

24  At  same  rate  as  old  Kingdom  of  Serbia. 

25  Acreage  and  production,  1921  to  1926,  from  oflBcial  records  of  U.  S.  Department  of  Agriculture,  Bureau 
of  Agricultural  Economics. 

26  2.96  bushels  per  acre,  used  1921  to  1926,  as  indicated  in  pre-war  average. 

27  Exports  of  wheat  and  wheat  flour  for  years  beginning  Aug.  1  {17,  1924-1927).  Imports  not  stated  for 
years  beginning  Aug.  1,  estimated  by  taking  averages  of  calendar  years,  indicated  in  Table  97. 

The  territories  of  the  old  Kingdom  of  Serbia,  south  Serbia,  and 
Montenegro  were  the  sites  of  actual  war  operations,  and  were  badly 
devastated  by  the  forces  of  the  Central  Powers  between  1914  and 
1918.    The  presence  of  these  forces  in  other  Districts  greatly  reduced 
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the  food  supplies  of  the  native  populations,  large  numbers  of  whom 
were  often  at  the  verge  of  starvation. 

During  1921,  although  the  consumption  of  wheat  in  Yugoslavia 
was  considerably  below  the  pre-war  normal,  supplies  in  most  parts 
of  the  Kingdom  were  more  nearly  sufficient  to  meet  the  food  require- 
ments of  the  people  than  had  been  the  case  when  the  country  was 
actually  engaged  in  the  operations  of  war.  Particularly  is  this  true 
in  the  cases  of  the  old  Kingdom  of  Serbia,  Macedonia,  and  Monte- 
negro. This  also  applies  to  certain  of  those  Districts,  which  normallv 
did  not  produce  sufficient  wheat  to  supply  their  local  needs  andf, 
which  were  cut  off  from  their  customary  sources  of  bread  supply 
during  the  World  War  as,  for  example,  Herzegovina  and  parts  of 
Bosnia.  Seeding  in  1921  had  approached  withm  311,000  acres  the 
average  wheat  area  of  1909-1913,  but  the  spring  was  exceptionally 
dry,  a  shortage  of  food  was  foreseen,  and,  since  exportation  from  the 
northwestern  Districts  during  the  first  three  months  of  the  year  had 
been  brisk,  a  decree  was  issued  on  April  11  prohibiting  the  exporta- 
tion of  all  cereals,  hay,  and  straw.  This  decree  continued  in  force 
until  the  fall  of  1922. 

Acreage  decreased  in  1922  but  from  then  on  increased  until  in  1924, 
when  the  pre-war  average  was  exceeded.  A  maximum  of  4,382,000 
acres  was  reached  in  1925.  Since  the  World  War,  production  has 
fluctuated  from  year  to  year  ranging  below  the  pre-war  normal  imtil 
the  seasons  of  1925  and  1926. 

The  organizations  for  trading  in  the  wheat  of  northeastern  Yugo- 
slavia that,  before  the  World  War  had  been  directed  from  Budapest 
and  Vienna  have  continued  more  or  less  effective  since  the  war  and 
heavy  shipments  of  grain  up  the  Danube  have  been  made  each  year 
from  these  districts,  although  some  of  the  western  districts  have  been 
forced  to  import  flour  from  abroad,  and  other  sections  of  the  country 
have  been  reduced  to  restricting  their  wheat  consumption.  Never- 
theless, the  international  wheat  trade  has  resulted  in  a  net  export  each 
year  which,  in  the  crop  year  1925-26,  amounted  to  9,219,000  bushels, 
as  compared  with  the  pre-war  estimated  surplus  of  11,786,000  bushels. 
Complete  reports  for  the  trade  of  the  year  1926-27  were  not  available 
at  the  closing  of  this  report.  Returns  had  been  made  on  exports  only 
for  the  10  months  August  1, 1926  through  May  31, 1927  which  indicate 
that  wheat  and  wheat  flour  equivalent  to  9,364,000  bushels  were 
exported  as  compared  with  10,290,000  bushels  during  the  similar 
period  of  the  previous  season. 

The  heavy  exports  of  wheat  and  wheat  flour  forced  the  western 
districts  to  import  more  flour  by  14,453  short  tons  during  the  calendar 
year  1925  than  was  exported  by  the  northeastern  districts. 
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Table  97. — Wheat  and  wheat  flour:  Imports  and  exports  of  Yugoslavia,  1921-1926 


Tear 

Wheat  flour 

Wheat 

Year 

Wheat  flour 

Wheat 

Imports 

Exports 

Imports 

Exports 

Imports 

Exports 

Imports 

Exports 

1821 

1922 

1923 

Short 

234 
11,656 
18,319 

Short 
toru 
33,057 
25,041 
42;  154 

ShoH 

tons 

991 
6,666 
2,336 

Short 

toru 

61,888 

27,090 

106,328 

1924 

1925 

1926 

Short 
toru 
23,646 
56,634 

U6,604 

Short 

toru 

65,118 

42,181 

36,178 

Short 
toru 
3,041 
26,382 
10,091 

Short 

toru 

190,038 

187,345 

327,697 

1921-1925  compiled  from  17,  1924-g6;  1926,  compiled  from  report  of  Consul  Stewart  E.  McMillin,  dated 
Mar.  28,  1927,  Belgrade,  Yugoslavia. 
1  "Quoted  as  milled  products";  may  Laclude  other  flours  than  wheat  flour. 
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Yugoslavia  has  been  sorely  in  need  of  funds  and  consequently  has 
heavily  taxed  the  wheat  and  flour  exports  as  well  as  exports  of  all 
other  agricultural  products.  Although  the  harvest  of  1922  was 
poorer  than  that  of  the  preceding  year,  the  export  prohibition  was 
removed.  A  net  exportation  equivalent  to  only  143,000  bushels  of 
wheat  went  abroad.  In  1922,  nearly  half  as  much  flour  was  imported 
by  the  western  districts  as  was  exported  from  the  commercial  mills 
in  the  northeast.  Although  net  exportations  of  wheat  and  flour 
expressed  as  bushels  of  wheat  increased  from  4,717,000  bushels  in 
1923-24  to  7,096,000  bushels  in  1924-25  the  imports  of  flour  increased 
during  this  time  so  as  to  exceed  exports. 

This  is  the  result  of  a  peculiar  situation  that  has  developed  in  the 
milling  industry  in  Yugoslavia.  On  August  16, 1923,  the  export  tax  on 
grain  was  reduced,  but  as  this  did  not  apply  to  flour,  the  milling 
industry  and  particularly  the  mills  in  western  Croatia-Slavonia  were 
placed  in  a  critical  position. 

Flour  Milling 

Flour  milling  is  one  of  the  most  highly  developed  industries  in 
Yugoslavia.  The  great  majority  of  these  mills  are  small  village 
estabhshments  that  grind  coarse  wheat  flour  and  corn  meal  for  local 
consumption,  employing  wind,  water,  and  even  animals  as  power. 
Apart  from  these  small  mills,  there  are  some  700  steam  and  motor 
nulls  in  the  larger  centers  of  which  about  200  engage  in  export  as 
well  as  domestic  trade. 

There  are  270  commercial  mills  in  Voivodina,  the  largest  of  which, 
at  Kikinda,  has  a  daily  capacity  of  276  short  tons  as  compared  with 
a  total  daily  capacity  of  3,580  short  tons  for  al]  the  conmiercial  mills 
of  the  District.  There  are  225  commercial  mills  in  Croatia-Slavonia 
with  a  total  daily  capacity  of  1,790  short  tons,  of  which  165  short 
tons  are  accounted  for  by  the  large  miUs  at  Subotica.  A  large  pro- 
portion of  the  export  flour  of  the  old  Kingdom  of  Himgary  originated 
in  these  two  Districts  north  of  the  Danube  and  the  Sava  Rivers. 

Thirty-five  commercial  mills  are  scattered  throughout  other  parts 
of  the  Kingdom.  Thirty  of  these  mills  are  reported  to  have  an  annual 
capacity  of  448  short  tons  each. 

The  old  Kingdom  of  Serbia  has  170  steam  and  motor  mills  that 
are  equipped  to  grind  about  896  short  tons  per  day.  There  is  one 
mill  at  Belgrade  which  grinds  about  100  short  tons  daily,  whereas 
the  other  mills  are  of  relatively  small  capacity.  Before  the  World 
War  the  export  flour  from  the  old  Kingdom  of  Serbia  was  shipped 
south  into  Turkey,  whereas  most  of  the  bran  and  other  by-products 
went  north  into  Austria-Hungary. 

The  milling  capacity  of  the  coimtry  has  been  estimated  to  range 
from  3,200,000  to  3,600,000  short  tons  of  flour  of  which  about  1,000,- 
000  short  tons  represents  the  capacity  of  50  of  the  largest  mills. 
The  maximum  milling  capacity  is  equivalent  to  165,000,000  bushels 
of  wheat  or  nearly  twice  the  net  production  of  the  entire  Kingdom 
during  1925-26.  It  must  be  borne  in  mind  that  the  village  miUs 
in  most  parts  of  Yugoslavia  are  equipped  to  grind  com  meal  only  as 
there  is  httle  local  demand  for  wheat  flour.  However  that  may  be, 
it  is  probable  that  the  milling  industry  of  Yugoslavia  could  grind  all 
of  the  wheat  produced  in  the  country  in  addition  to  the  corn  meal 
required  for  human  food. 
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Since  the  World  War,  the  commercial  mills  of  Yugoslavia  have 
been  so  hampered  by  regulations,  restrictions,  and  market  conditions 
in  customer  countries  that  there  has  been  httle  possibility  of  their 
resuming  operations  on  a  scale  approaching  their  pre-war  magnitude. 
In  1924,  the  export  taxes  on  flour  were  rescinded;  but,  unfortunately, 
the  world  price  was  so  low  that  the  mills  were  unable  to  gain  any 
advantage  by  their  hberation  from  restrictions.  Mill  operations 
were  slowed  down  to  meet  local  day-to-day  requirements  and  in  1925 
many  plants  suspended  operations  altogether.  Domestic  produc- 
tion, particularly  m  the  west,  was  so  low  that  flour  had  to  be  imported 
to  meet  city  requirements,^^  and  the  international  trade  of  the  entire 
Kingdom  in  1925  resulted  in  a  net  importation  of  flour. 

More  wheat  was  exported  from  Yugoslavia  during  the  calendar 
year  1926  than  ever  before  in  the  history  of  the  country,  yet  east-to- 
west  transportation  and  trade  relationships  were  so  inadequately 
organized  that  many  mills  in  the  western  part  of  the  Kingdom  were 
unable  to  sec\u*e  grain  enough  to  keep  them  profitably  operating  at 
full  capacity.  Their  overhead  was  thus  so  high  in  proportion  to 
their  output  that  they  found  it  diflScult  to  compete  with  foreign 
flour.  This  crisis  through  which  the  milling  industry  in  Yugoslavia 
is  passing  is  similar  to  that  affecting  the  industry  in  Hungary  and 
Rumania  because  the  former  consumer  countries,  particularly  Austria 
and  Czechoslovakia,  have  maintained  a  higher  tariff  on  flour  than  on 
wheat  in  order  to  encourage  their  own  nulling  industries.  There  is 
also  easily  accessible  and  cheap  water  transportation  facihtating 
the  export  of  wheat  to  these  northern  countries  and  the  trade  in  wheat 
is  well  ore:anized. 

The  milling  situation  in  Yugoslavia  has  been  aggravated  further 
by  the  lack  of  financial  strength  of  the  industry  and  on  account  of 
the  attempt  of  the  grain  dealers  of  the  country  to  Uberate  their 
operations  from  the  speculative  influences  of  the  central  European 
grain  exchanges  which  have  traded  in  the  products  of  the  south 
Danube  States  for  decades.  A  grain  market  has  been  opened  at 
Zagreb  where,  in  1925,  several  western  European  firms  estabhshed 
branch  agencies.  These  agencies  are  well  suppHed  with  cash  to  buy 
up  grain  of  the  particular  quality  required  by  their  milling  patrons 
at  home.  Both  French  and  German  agents  bought  grain  in  1925  to 
be  shipped  on  barges  down  the  Danube  to  Braila  for  reshipment  to 
Hamburg  and  Marseilles.  Local  mills,  unless  well  financed,  can  not 
compete  with  these  agencies  and,  if  unable  to  get  the  best  grades  of 
wheat  for  their  own  use,  will  not  be  able  to  produce  flour  of  the  former 
pre-war  excellence.  They  will  thus  not  be  able  to  compete  with 
American  and  other  foreign  flours  in  their  foreign  markets  m  central 
Europe, ^^  reached  by  river  transportation  up  the  Danube,  or  their 
Orientd  markets  reached  through  Istambul  and  Salonika. 

The  bulk  of  all  wheat  shipments  in  1926  went  up  the  Danube  to 
Czechoslovakia;  or  to  Italy  through  Fiume;  or  down  the  Danube  to 
Braila  for  reshipment  to  Western  Europe.  Most  of  the  export  flour 
was  shipped  to  Salonika,  for  Turkish  or  other  Oriental  destinations. 

TO  The  sale  of  domestic  flour  in  Dalmatia  and  other  Districts  along  the  Adriatic  coast  is  further  seriously 
handicapijed  by  high  freight  rates  and  the  liniite<l  capacity  of  liie  narrow-gauge  railroads  rounec-ting  the 
Interior  of  the  Kingdom  with  the  sea.  Until  these  handicaps  have  l)een  removed  it  will  l)e  diflicult  for  the 
mills  of  Yugoslavia  to  capture  the  markets  of  the  Adriatic  coast  from  the  Italian  and  United  States  millers. 

'»  The  commercial  mills  north  of  the  Danube  and  the  Sava  Kivers  formerly  marketed  their  flour  under 
Hungarian  trade  names. 
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It  was  reported  that  the  exchange  value  of  the  dinar  during  1925 
strengthened  from  1.28  cents  to  1.89  cents/^  and  that  domestic 
grain  prices  fell  off  in  proportion.  It  is  claimed,  as  a  consequence 
of  the  fall  in  wheat  prices,  that  the  1925  crop  was  grown  without 
profit  to  the  farmer.  Whatever  the  cause,  wheat  areas,  although 
exceeding  the  pre-war  average,  fell  204,000  acres  in  1926  below  the 
post-war  maximum  reached  in  1925. 


Table  98. — Wheat  flour:  Imports  into  Yugoslavia 

by  countries  of  origin,  1922-1926 

Country  from  which  imported 

1922 

1923 

1924 

1925 

Italy  1          

Short  tons 

6,867 

3,241 

(2) 

203 

33 

•     1, 312 

ShoH  tons 

14,962 

1,303 

45 

26 

(») 

1,983 

Short  tons 

22, 489 

641 

79 

16 

26 

396 

Short  tons 
31,486 

United  States.. 

2,449 

3,739 

Czechoslovakia.  .. 

2,671 

Greece 

3,162 

other  countries ..  ..    

3 13, 127 

Total. 

11,656 

18,319 

23,646 

3  56,634 

From  report  of  Assistant  Trade  Commissioner  John  A.  Embrey,  dated  Mar.  28, 1927,  Vienna,  Austria. 

1  May  include  reexports  of  flour  received  at  the  port  of  Trieste  from  the  United  States  and  other  countries. 

*  Less  than  500  pounds. 

3  Adjusted  to  agree  with  1925  figure  in  Table  97. 

The  Position  of  the  United  States 

In  1925  the  United  States  sent  directly  to  Yugoslavia  2,449  short 
tons  of  flour  (Table  98)  as  compared  with  31,486  short  tons  shipped 
from  Italy  through  Trieste.  It  is  probable  that  a  considerable  por- 
tion of  this  import  of  flour  from  Italy  was  reexported  to  Yugoslavia, 
having  originated  in  the  United  States. 

There  is  no  logical  reason  why  Yugoslavia,  a  great  wheat  surplus- 
producing  region  with  a  well-developed  milling  industry,  should  not 
fully  supply  its  own  wheat-flour  requirements.  The  present  situation 
is  the  result  of  poor  transportation  facihties  and  the  lack  of  organi- 
zation in  the  east-to-west  trade.  The  eastern  districts  have  been 
accustomed  to  sell  their  surplus  to  the  markets  of  northern  Europe. 
The  western  districts  have  been  accustomed  to  look  to  Vienna  com- 
mission houses  to  supply  their  requirements.  This  practice  is 
continuing.  As  soon  as  the  deficit  districts  get  into  proper  trade 
relationships  with  the  surplus  districts  the  importation  of  wheat 
flour  into  Yugoslavia  will  dwindle  to  neghgible  proportions. 

Table  99. — Wheat:  Exports  and  average  export  price  per  bushel,  1920-1926 


Year 

Exports 

Average  export 
price 

Dinars 

per 
United 
States 
doUar 

Year 

Exports 

Average  export 
price 

Dinars 

per 
United 
States 
dollar 

Per  kilo- 
gram 

Per 

bushel 

Per  kilo- 
gram 

Per 
bushel 

1920 

1921 

1922 

1923 

Short  tons 
45,848 
61,888 
27,090 
106,326 

Dinars 
2.70 
3.20 
4.75 
4.00 

Dollars 
2.52 
1.89 
1.73 
1.16 

Number 
29.2 
46.2 
74.8 
93.7 

1924 

1925 

1926 

Short  tons 
190,038 
187, 345 
327, 697 

Dinars 
3.90 
3.00 
2.90 

Dollars 
1.35 
1.39 
1.39 

Number 
78.9 
58.9 
56.6 

From  report  of  Consul  Stewart  E.  McMillin,  dated  March  28, 1927,  Belgrade,  Yugoslavia. 

^*  According  to  the  oflBcial  reports  the  exchange  value  of  the  dinar  increased  from  1.6  cents  to  1.77  cents. 
However  ,the  fluctuations  of  actual  operations  are  usually  wider  than  those  reported  as  official. 
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Rye  was  not  a  crop  of  great  importance  in  Yugoslavia  before  the 
World  War,  although  the  territories  now  comprised  within  the  King- 
dom of  Yugoslavia  produced  an  exportable  surplus  of  approximately 
1,238,000  bushels.  As  shown  in  Table  100,  annual  per  capita  dis- 
appearance averaged  only  0.68  bushel.  Since  the  war,  although  con- 
sumption has  been  far  below  the  pre-war  normal,  rye  exports  have 
dwindled  to  insignificance. 


Table  100. 


•Rye:  Statistical  balance  of  Yugoslavia,  pre-war  average,  and  annual, 
1921-22  to  1926-27 


Years 

Acre- 
age 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District 

Gross 

Net 

Statis- 
tical 

Per 
capital 

Pre-war  period: 

Old  Kingdom  of  Serbia » 

South  Serbia » 

1909-1911 
1909-1911 
1909-1913 
1911-1913 
1909-1913 

190^-1913 
1909-1913 
1909-1913 
1909-1912 

1,000 
acres 
74 
129 
6 
45 
17 

270 
107 
60 
10 

1,000 

bushels 

3225 

»404 

»19 

145 

8  62 

"821 

18325 

»182 

»30 

1,000 

bwihels 

1,613 

2,820 

67 

485 

200 

3,731 

1,640 

1,306 

121 

1,000 

bushels 

1,388 

2,416 

48 

340 

148 

2,910 

1,315 

1,124 

91 

1,000 

bushels 

1,131 

1,182 

48 

"642 

210 

3,879 

353 

1,069 

28 

Bushels 

0.388 

^71 

.20 

.332 

K.332 

"1.42 
K.332 
».79 
«.388 

1,000 
bushels 

<-f-257 
+1,234 

Montenegro  * 

(10) 

-302 

Bosnia-Herzegovina  " 

Dalmatia  " 

—62 

Croatia,  Slavonia,  Medjmurje, 
Krk,  and  Kastav  » 

-969 

Slovenia  and  Prekmurje  »' 

Voivodina '» 

-1-962 
+55 

Ceded  by  Bulgaria  « 

+63 

Total 

718 

2,203 

11,983 

9,780 

8,642 

.678 

+1,238 



Post-war  period  » 

f    1921-22 
1922-23 
1923-24 
1924-25 
1925-26 

461 
487 
462 
483 
493 

»<  1,  415 
1,495 
1,418 
1,483 
1,514 

6,816 
4,523 
6,906 
5,541 
7,864 

4,401 
3,028 
4,488 
4,058 
6,350 

4,312 
3,027 
4,474 
3,811 
6,103 

.359 
.249 
.363 
.305 
.482 

»+89 
«+l 

M  4-14 

»»  +247 
M+247 

Average,  1921-1925 

477 

1,465 

5,930 

4,465 

4,345 

.352 

+120 

1926-27 

500 

1,535 

7,454 

6,919 

1  See  Table  96  in  wheat  for  populations. 
'  Same  as  note  2  in  Table  96. 
'  3.042  bushels  per  acre;  same  as  Bulgaria. 
«  Net  exports  for  rye  for  calendar  years  (17, 1909- 
1921). 
»  Same  as  note  5  in  Table  96. 

•  3. 132  bushels  per  acre;  midway  between  Bulgaria 
and  Bosnia- Herzegovina. 

^  Midway  between  Bulgaria  and  Bosnia-Herzego- 
vina. 
»  See  note  8  in  Table  96. 

•  Same  rate  as  Bosnia-Herzegovina. 

"  It  is  assumed  that  net  production  and  disap- 
pearance balanced. 

•1  Same  as  note  10  in  Table  96. 

«  The  seed  and  food  requirement  of  Bosnia-Her- 
zegovina was  estimated  at  787,000  bushels  (16,p.S9). 


i»  Same  as  note  12  in  Table  96. 

"  Same  rate  as  Basnia-Herzegovina. 

"  Same  as  note  15  in  Table  96.    Includes  maslin. 

i«  At  same  rate  as  estimated  by  the  Royal  Hun- 
garian Ministry  of  Agriculture  for  Croatia-Slavo- 
nia.    (Sg,  p.  16). 

17  See  note  18  in  Table  96. 

1*  At  same  rate  as  in  Croatia-Slavonia,  etc. 

i»  See  note  19  in  Table  96.    Includes  maslin. 

»  At  same  rate  as  used  in  (ii,  p.  16). 

"  See  note  22  in  Table  96. 

"  At  same  rate  as  old  Kingdom  of  Serbia. 

M  See  note  25  in  Table  96. 

«  3.07  bushels  per  acre  used  for  1921  to  1926,  as  in- 
dicated in  pre-war  average. 

M  Net  exports  of  rye  for  years  beginning  Aug.  1 
(/7, 1924-1927). 


Before  the  World  War  the  southern  Slavic  races  seeded  718,000 
acres  of  rye  ^  chiefly  in  Croatia-Slavonia,  south  Serbia,  and  Slovenia. 
Since  1921  rye  areas  have  fluctuated  about  the  1921-1925  average 
of  477,000  acres,  increasing  to  500,000  acres  in  1926. 

Most  of  the  rye  produced  in  Yugoslavia  is  consumed  locallv  with 
the  exception  of  a  small  surplus  produced  in  south  Serbia,  which  is 
sent  to  northern  markets.  The  quality  of  this  rye  is  poor  and  the 
quantity  unimportant.  As  in  most  other  parts  of  southern  and 
southeastern  Europe,  rye  cultivation  in  Yugoslavia  is  giving  place 
to  that  of  wheat  or  corn  wherever  soil  and  climatic  conditions  admit. 


"  Includes  maslin,  a  mixture  of  wheat  and  rye,  which  is  planted,  harvested,  and  milled  as  a  mixture 
.   ■■  (or  home  use. 
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BARLEY 

Barley  is  not  an  important  crop  in  Yugoslavia.  It  is  far  more 
profitable  to  grow  corn  as  a  fodder  grain  than  barley  in  these  southern 
Districts.  The  brewing  barley  produced  does  not  compare  with  that 
grown  in  Czechoslovakia  and  is  not  in  demand  as  an  export  cereal. 

There  are  40  breweries  ^^  in  Yugoslavia  with  an  annual  capacity 
of  1,600,000  hectoUters  (42,267,000  gallons).  The  capacity  of  the 
breweries  is  more  than  double  the  average  consumption  oi  beer  in 
Yugoslavia,  which  is  about  700,000  hectoUters  (18,492,000  gallons). 
Locally  produced  barley  is  utilized  at  most  of  these  breweries  and 
barley  is  seeded  in  proportion  to  local  demand  or  according  to  local 
soil  conditions. 

During  1909-1913  the  annual  area  under  barley  averaged  1,247,000 
acres  in  all  Yugoslavia.  (Table  101.)  Net  production  averaged 
18,781,000  bushels,  of  which  16,387,000  bushels,  or  1.3  bushels  per 
capita,  were  consumed  locally  for  industrial  purposes  or  for  feeding 
livestock.  This  left  approximately  2,394,000  bushels  as  a  surplus 
to  be  exported  to  foreign  countries. 

Table  101. — Barley:  Statistical  balance  of  Yugoslavia,  pre-war  average,  and  annual, 


1921 

-22  to  1926- 

27 

Years 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District 

Gross 

Net 

Statis- 
tical 

Per 
capita  1 

Pre-war  period: 

Old  Kingdom  of  Serbia  » 

South  Serbia  « 

1909-1911 
1909-1911 
1909-1913 
1911-1913 
1909-1913 

1909-1913 
1909-1913 
1909-1913 
1909-1912 

1,000 

acres 

268 

367 

7 

221 

47 

165 

48 

116 

8 

1,000 

bushels 

3  837 

3 1, 146 

3  22 

3  690 

3  147 

1M78 

16  139 

18  336 

3  25 

1,000 

bushels 

4,997 

6,846 

109 
3,244 

697 

2,580 
834 

3,178 
116 

1,000 

bushels 

4,160 

6,700 

87 

2,554 

550 

2,102 
695 

2,842 
91 

1,000 

bushels 

2,454 

3,313 

10  3,  903 
1,276 

2,102 

2,149 

1,042 

61 

Bushels 
0.84 

6  1.99 
3.65 
2.02 

12  2. 02 

.77 

12  2.  02 

19.77 

21.84 

1,000 
bushels 
i  +1,  706 

-f2,387 

(4 

Bosnia-Herzegovina  ^ 

—1,349 

Dalmatia  " 

-726 

Croatia,  Slavonia,  Medj- 

murje,  Krk,  and  Kastav  "- 
Slovenia  and  Prekmurje  U— . 
Voivodina  i^ 

-1,454 
-fl,800 

Ceded  by  Bulgaria  20 

+30 

Total 

1,247 

3,820 

22,601 

18,  781 

16, 387 

1.30 

+2,394 

Post-war  period  " 

1921-22 
1922-23 

\     1923-24 
1924-25 

I     1925-26 

910 
927 
891 
899 

883 

23  2,  785 
2,837 
2,726 
2,751 
2,702 

13,  378 
11,069 
14,065 
13,  479 
18, 145 

10,  593 
8,232 
11,339 
10.728 
15,  443 

10, 039 
8,229 

11,121 
9,583 

14,  359 

.84 
.68 
.90 
.77 
1.14 

2<+554 

2<+3 

i*  +218 

2<  +1, 145 
«  +1,  084 

Average,  1921-1925 

902 

2,760 
2,653 

14,  027 
17,  275 

11,  267 

10,666 

.86 

+601 

1926-27 

867 

14,  622 

.   ... 

1  See  Table  96  for  populations, 

2  See  note  2  in  Table  96. 

3  3.122  bushels  per  acre;  same  as  Bulgaria. 

*  Net  exports  of  barley  for  calendar  years  (17, 1909- 
21). 
»  See  note  5  in  Table  96. 

6  Midway  between  Bulgaria  and  Bosnia-Herze- 
govina. 

7  See  note  8  in  Table  96. 

8  It  is  assumed  that  net  production  and  disap- 
pearance balanced. 

»  Acreage  and  production  from  {S7, 1921). 

10  The  seed  and  food  requirement  of  Bosnia-Her- 
zegovina is  estimated  at  4.593,000  {16,  p.  SO). 

11  See  note  12  in  Table  96. 

12  At  same  rate  as  Bosnia-Herzegovina. 


13  See  note  15  in  Table  96. 

"  At  rate  estimated  for  Croatia-Slavonia  by  the 
Royal  Hungarian  Ministry  of  Agriculture  (li2,  p. 
22). 

i«  See  note  18  in  Table  96. 

16  Same  rate  as  Croatia-Slavonia,  etc. 

17  Same  as  note  19  in  Table  96. 

18  At  same  rate  as  estimated  in  (22,  p.  22). 
1'  At  same  rate  as  Croatia-Slavonia,  etc. 

20  Same  as  note  22  Table  96. 

21  At  same  rate  as  Old  Kingdom  of  Serbia. 

22  See  note  25  in  Table  96. 

23  3.06  bushels  per  acre  used  1921  to  1926  as  indi- 
cated in  pre-war  average. 

21  Net  exports  of  barley  for  years  beginning  Aug. 
1  (17,  1924-27). 


Barley  areas  in  Yugoslavia  have  fluctuated  about  the  1921-1925 
average  of  902,000  acres,  producing  an  average  of  11,267,000  bushels 


"!*  Tnere  are  14  breweries  in  Croatia,  in  north  and  south  Serbia  and  Montenegro  13,  in  Voivodina  6,  in 
Slovenia  5,  and  in  Bosnia  3. 
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(net).  Disappearance  has  averaged  about  10,666,000  bushels  or 
5,721,000  bushels  below  the  pre-war  normal.  The  small  exportable 
surplus  of  601,000  bushels  has  been  negligible.  Barley  is  not  a 
popular  grain  among  the  Yugoslavs,  being  seeded,  usually,  on  land 
too  poor  for  wheat.  There  appears  to  be  a  tendency  to  replace 
barley  with  com  in  Voivodina  and  in  Croatia-Slavonia. 

OATS 

Before  the  World  War,  the  south  Slavs  seeded  about  1,381,000 
acres  to  oats,  nearly  half  of  which  was  planted  in  Croatia-Slavonia 
and  in  Voivodina.  The  District  of  Batchka,  in  northwestern  Voivo- 
dina, was  famous  for  the  Quality  of  its  oats  exported  to  Vienna. 
Most  of  the  oats  from  the  old  Kingdom  of  Serbia  went  up  the  Danube 
to  Austria-Hungary  and  Bavaria  in  south  Germany.  Lesser  quan- 
tities were  shipped  to  Sofija  and  Istambul.  Bosnia-Herzegovina 
produced  a  net  surplus  of  over  1,000,000  bushels  of  oats  annually. 

Gross  production  of  oats  before  the  World  War  averaged  35,528,000 
bushels.  Seed  requirement  averaged  5,861,000  bushels  and  domes- 
tic disappearance  reached  24,217,000  bushels  annually  or  about 
20.57  bushels  per  horse.  The  surplus  available  for  export  each  year 
was  approximately  5,450,000  bushels.     (Table  102.) 

Table  102, — Oats:  Siatisticnl  balance  of  Yugoslavia,  pre-war  average,  and  annual, 

1921-22  to  1926-27 


Year 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District 

Gross 

Net 

Statis- 
tical 

Per 
horse  1 

Pre-war  period: 

Old  Kingdom  of  Serbia  » 

South  Serbia* 

1909-1911 
1909-1911 
1909-1913 
1911-1913 
1909-1913 

1909-1913 
1909-1913 
1909-1913 
1909-1912 

1,000 

acres 

266 

133 

2 

244 

7 

257 
87 

372 
14 

1,000 

bushels 

U,093 

»648 

»8 

»  1,006 

329 

»»  1, 117 

"386 

"  1, 016 

»58 

1,000 

bushels 

5,079 

2,665 

36 
5,384 

89 

5,244 

2,668 

14,291 

272 

1,000 

bushels 

3,986 

2,017 

28 
4,378 

60 

4,127 

2,182 

12,  675 

214 

1,000 

bushels 

3,454 

1, 105 

153 
3,367 

393 

4,406 

768 

10,394 

177 

Bushels 
22.65 

«  15. 46 

8  15. 17 
15.17 

8  15. 17 

"12.60 
8 15. 17 
"  36. 62 
»»22.65 

1,000 
bushels 
*+S32 
-f912 

Montenegro  ' : 

-125 

Bosnia-Herzegovina  • 

w-Hi.ou 

Dalmatia  " 

-333 

Croatia,     Slavonia,     Medj- 
murje,  Krk,  and  Kastav '».. 
Slovenia  and  Prelcmurje  "— . 
Voivodina " ..    

-279 
+1,414 
+2,281 

Ceded  by  Bulgaria  " 

+37 

Total. - 

1,381 

5,861 

35,628 

29,667 

24,217 

20.57 

+5,450 

Post-war  period  » 

1921-22 
1922-23 
1923-24 
1924-25 
I     1925-26 

1,003 

960 
928 
872 
856 

«  4,  257 
4,100 
3,938 
3,701 
3,633 

18,907 
18,272 
21.476 
20,796 
23,772 

14,650 
14,  172 
17,638 
17,095 
20,139 

14,649 
14, 157 
17,348 
16,626 
19,063 

13.70 
13.56 
16.32 
15.77 
17.24 

"+1 

«+15 

a +190 

"+470 

« +1,076 

Average,  1921-1925 

925 

3,928 

20,645 

16,  719 

16,369 

15.34 

+350 

1926-27 

871 

3,697 

24,646 

20,948 

>  For  numlier  of  horses  see  Table  111. 

»  Same  as  note  2,  Table  96. 

'  4.123  bushels  per  acre;  same  as  Bulgaria. 

*  Net  exports  for  calcn<lar  years  (17,  l909-tt). 

•  See  note  5  in  Table  96. 

« Midway  between  old  Kingdom  of  Bulgaria  (15.75 
bushels)  and  Bosnia  and  Herzegovina. 

7  See  note  8  in  Table  96. 

8  Same  as  Bosnia-Herzegovina. 
»  Same  as  note  10  in  Table  96. 

'0  Net  exports  1911-1913.  1911  and  1912  (5,  Jahrg. 
;4-/-5);and  1913  (/(5,  p,.58). 

"  See  note  12  in  Table  96. 

"  See  note  15  in  Table  96. 

"  Seed  (4.348  bushels  per  acre)  and  disapjjearanoe 
per  horse,  assumed  to  be  at  same  rate  estimated  by 


the  Royal  Hungarian  Ministry  of  Agrictilture  for 
Croatia-Salvonia  {iS,  p.  t5). 

«♦  Same  as  note  18  Table  96. 

'» 4.4;i8  bushels  per  acre;  same  as  estimated  for 
Murje  (Si,  p.  95). 

i»  See  note  19  Table  96. 

"  4.345  bushels  per  atTe,  seed,  and  36..'i2  bushels  per 
head  of  horses,  a3estlnmto<i  for  Voivodina  (ff,  p.  tS). 

>8  Same  m  note  22  Table  96. 

»•  At  same  rate  as  old  Kingdom  of  Serbia. 

»  See  note  25  Table  96. 

«  4.244  bushels  i»er  acre  used,  1921  to  1926,  as  indi- 
cated in  pre-war  avenige. 

"  Net  exports  for  years  beginning  Aug.    1  (17, 

im-i7). 
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When  compared  with  conditions  in  Czechoslovakia,  the  production 
of  oats  in  most  Districts  of  Yugoslavia  is  unprofitable  on  account  of 
the  low  yield  per  acre  obtained.  Consequently  the  seeding  of  oats 
has  been  governed  largely  by  local  demands  or  by  peculiar  local 
conditions  of  soil  and  climate. 

In  1921  acreage  had  fallen  off  to  1,003,000  acres  as  compared  with 
an  average  of  1,381,000  acres  for  1909-1913.  Until  1926  acreage 
under  oats  decreased  each  succeeding  year.  Production  has  also 
been  very  low,  ranging  from  10,000,000  to  17,000,000  bushels  below 
the  pre-war  normal  production.  On  the  other  hand,  disappearance 
per  head  of  horses  has  been  much  lower  than  before  the  World  War, 
so  that  each  year  a  small  surplus  has  been  exported.  In  1925  net 
exports  reached  1,076,000  bushels.  Although  there  was  a  slight 
recovery  of  oats  acreage  in  1926  and  a  further  increase  to  917,000 
acres  in  1927,  according  to  preliminary  report  it  appears  that  oats 
as  well  as  rye  and  barley  are  proving  less  profitable  than  corn  and 
wheat  and  that,  consequently,  their  cultivation  is  being  replaced  to 
a  considerable  extent  by  that  of  the  two  latter  cereals. 

CORN 

Corn  is  the  most  commonly  planted  cereal  among  the  southern 
Slavs.  Before  the  World  War  39.4  per  cent  of  the  cereal  acreage  was 
under  corn,  as  compared  with  33.1  per  cent  under  wheat.  During 
the  5-year  period  ended  1925  the  percentage  of  cereal  acreage  under 
corn  had  increased  to  43.3  per  cent,  as  compared  with  35.9  per  cent 
under  wheat.  In  1925  the  wheat  area  was  372,000  acres  above  the 
1909-1913  average  whereas  corn  was  449,000  acres  above.  In  1926 
the  areas  of  wheat  and  corn  were  168,000  acres  and  156,000  acres 
above  normal,  respectively.  The  corn  belt  of  Yugoslavia  includes 
the  old  Kingdom  of  Serbia,  eastern  Croatia-Slavonia,  northeastern 
Bosnia,  and  all  of  Voivodina.  These  Districts  lie  in  the  valleys  of  the 
Danube,  and  its  tributaries,  the  Sava,  the  Drava,  and  the  Tisza,  in  the 
richest  soil  region  of  the  Kingdom.  Climatic  fluctuations,  however, 
range  widely  from  drought  to  flood  interspersed  with  hail.  Con- 
sequently there  are  wide  yearly  fluctuations  in  production. 

Before  the  World  War  the  District  of  Voivodina  produced  a  surplus 
approximated  at  21,220,000  bushels  of  corn  annually,  as  compared 
with  an  average  export  of  5,020,000  bushels  from  the  old  Kingdom 
of  Serbia.  A  little  more  than  half  of  this  export  from  the  old  Kingdom 
went  up  the  Danube  to  Germany  and  Austria-Hungary  and  a  little 
less  than  half  went  down  the  river  to  Rumania  for  reshipment  to 
Belgium  and  other  western  European  countries.  The  eastern  part 
of  Croatia-Slavonia  also  produced  a  surplus  of  corn;  but,  although 
the  net  production  of  the  Districts  as  a  whole  reached  24,781,000 
bushels,  an  additional  1,198,000  bushels  had  to  be  imported  annually 
to  meet  the  feeding-stuff  requirements  of  the  local  animal  industry. 

Northeastern  Bosnia,  lying  in  the  corn  belt,  exported  about  829,000 
bushels  of  corn  annually,  whereas  the  agriculturally  poorer  regions 
of  western  Bosnia  and  of  Herzegovina  imported  an  average  of 
1,166,000  bushels,  resulting  in  a  net  importation  of  about  337,000 
bushels.  All  other  Districts  required  importations  of  corn  to  supple- 
ment local  production. 

As  shown  in  Table  103,  net  production  in  all  Districts  now  com- 
prising Yugoslavia  averaged  113,765,000  bushels  before  the  World 
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War,  disappearance  averaged  94,657,000  bushels,  or  7.51  bushels 
per  capita,  leaving  approximately  19,108,000  bushels  available  for 
export. 

Tablb  103. — Com:  Statistical  balance  of  Yugoslavia,  pre-war  average,  and  annual, 

1921-22  to  1926-27 


Years 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

ieU.7 
(-) 

District 

Gross 

Net 

Statis- 
tical 

Per 
capital 

Pre-war  period: 

Old  Kingdom  of  Serbia  K 
South  Serbia » 

1909-1911 
1909-1911 
1909-1913 
1911-1913 
1909-1913 

1909-1913 

1909-1913 
1909-1913 
1909-1912 

1,000 

acres 

1,443 

306 

28 

621 

89 

1,063 

43 

1,171 
19 

1,000 

btishels 

3  618 

3  131 
3  12 

»266 
»38 

i<690 

W24 

18  656 

38 

1,000 

bushels 

29,994 

6,359 

365 

8,176 

1,572 

25,371 

1,433 

42,520 

318 

1,000 

bushels 

29,376 

6>228 

353 

7,910 

1.534 

24,781 

1,409 

41,864 

310 

1,000 

bushels 

24,356 

6,926 

661 

8,247 

2,697 

25,979 

4,542 

20,644 

606 

Bushels 

8.36 

«4.16 

2.77 

4.27 

"4.27 

"9.51 

"4.27 
18 15. 28 
20  8.36 

1,000 
bushels 

*  4-5, 020 
—698 

Montenegro ' 

8—  308 

Bosnia-IJerzegovina  »_.. 
Dalmatia  'L_  . 

10-337 
—1,163 

Croatia,  Slavonia,  Medj- 
murje,  Xrk,  and  Kas- 
tav  ".. 

—1,198 

Slovenia    and       Prek- 
murje" 

-3,133 

-i-21,220 

-295 

Voivodinai'.. 

Ceded  by  Bulgaria  i«.... 

Total.- 

4,773 

2,343 

116, 108 

113,766 

94,657 

7.51 

-f  19, 108 

1921-22 
1922-23 
1923-24 
1924-25 
I    1925-26 

Post-war  period:  «i 

4,646 
4,722 
4,452 
4,856 
5,222 

M2,277 
2,314 
2,181 
2,379 
2,569 

73,788 
89,796 
84,781 
149,  399 
149,233 

71,511 
87,482 
82,600 
147,020 
146,  674 

72, 115 
83,678 
73,005 
107,327 
111,497 

6.00 
6.87 
5.92 
8.59 
8.81 

23-604 
23+3,804 
»  +9,  595 

23  -t-39,  693 
23  +35, 177 

Average,  1921-1925 

4,780 

2,342 

109,399 

107,057 

89,524 

7.26 

17,533 

1926-27 

4,  .929 

2,415 

134,251 

131,836 

J  For  populations,  see  Table  96. 

>  Same  as  note  2,  Table  96. 

» 0.428  bushel  per  acre;  same  as  Bulgaria. 

*  Net  exports  of  com  for  calendar  years  (17, 1909-21). 
» Same  as  note  5  in  Table  96. 

•  Midway  between  old  Kingdom  of  Bulgaria  (4.05)  and  Bosnia  and  Herzegovina. 

I  Same  as  note  8,  in  Table  96. 

« Imports  for  1912,  reported  in  (16,  p.  95). 

»  Same  as  note  10,  Table  96. 

10  Net  imports  1911-1913.    1911  and  1912  (5,  Jahrg.  14-15);  1913  (16,  p.  58). 

II  Same  as  note  12,  in  Table  96. 

u  Same  rate  as  Bosnia  and  Herzegovina. 
"  Same  as  note  15,  in  Table  96. 

"  0.56  bushels  seed  \>er  acre,  and  9.51  per  capita  disappearance.    Same  rate  as  estimated  for  Croatia- 
Slavonia,  by  the  Royal  Hungarian  Ministry  of  Agriculture  (i£,  p.  19). 
i»  Same  as  note  18,  in  Table  96. 

i«  0.55  bushel  seed  per  acre;  as  estimated  for  Murje  (2f,  p.  19). 
"  Same  as  note  19,  in  Table  96. 

"  0.66  bushel  seed  per  acre;  and  16.26  bushels  per  capita  as  estimated  for  Voivodina  (iS,  p.  19). 
»  Same  as  note  22,  in  Table  96. 
»  Same  rate  as  old  Kingdom  of  Serbia. 
M  See  note  25,  in  Table  96. 

"  0.49  bushel  per  acre  used  1921-1926,  same  as  pre-wiv  average. 
«  Net  exports  (+)  and  net  imports  (-)  for  calendar  years  following  the  crop  year  (17,  t9tS-19i7). 

Com  forms  the  staple  diet  of  the  peasants  in  the  old  Kingdom 
of  Serbia;  wheat  and  rye  breads  are  eaten  only  on  rare  holidays. 
Among  the  other  south  Slavic  peoples,  com  is  employed  as  human 
food  to  a  less  extent  than  among  the  Serbs  but  is  eaten  more  or 
less,  as  in  Bulgaria.  The  peasants  of  the  northem  Com  Belt  in 
Voivodina,  like  the  farmers  of  the  Com  Belt  in  Iowa  and  Illinois, 
utilize  com  chiefly  for  feeding  hogs  and  other  livestock. 

An  illustration  of  the  wide  fluctuations  in  the  yields  of  com  in 
Yugoslavia  is  offered  by  the  crop  of  1922.  The  area  planted  was 
4,722,000  acres,  which  was  nearly  equal  to  the  pre-war  average. 
The  net  production  was  only  87,482,000  bushels  and  some  sections 
of  the  Eongdom  were  forced  to  import  com  not  only  as  a  feeding 
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stuff  for  livestock  but  as  human  feed.  Numbers  of  swine  decreased 
sharply  in  1922  and  did  not  recover  until  the  bumper  crops  of  1924 
and  1925  again  furnished  supplies  of  cheap  feed. 

There  were  no  considerable  exports  of  corn  from  Yugoslavia  until 
1925  following  the  bumper  crop  of  147,020,000  bushels  of  the  year 
before.  Although  the  export  price  was  relatively  good  (equivalent 
to  86  cents  a  bushel  United  States  currency),  the  area  under  corn 
for  the  crop  of  1926  fell  off  293,000  acres,  decreasing  to  4,929,000 
acres. 

In  1926,  the  total  exportation  largely  from  the  crop  of  the  year 
before  reached  35,223,000  bushels  at  an  average  export  price  equiva- 
lent to  67  cents,  as  indicated  in  Table  104. 

Table  104. — Corn:  Exports  and  average  export  price  per  bushel,  1920-1926 


Exports 

Export  price 

Dinars 

per 
United 
States 
dollar 

Year 

Exports 

Export  price 

Dinars 
per 

Year 

Per 
kilogram 

Per 
bushel 

Per 
kilogram 

Per 
bushel 

United 
States 
dollar 

1920 

1921 

1922 

1923. 

Short  tons 

120, 813 

349,  716 

12, 637 

112, 609 

Dinars 
1.25 
1.00 
3.73 
3.25 

Dollars 
1.09 

.55 
1.27 

.88 

29.2 
46.2 
74.8 
93.7 

1924 

1925 

1926 

Short  tons 
270. 224 

1, 114,  726 
986, 245 

Dinars 
2.40 
2.00 
1.50 

Dollars 

.77 
.86 
.67 

78.9 
58.9 
56.6 

From  report  of  Consul  Stewart  E.  McMillan,  dated  Mar.  28, 1927,  Belgrade,  Yugoslavia. 

Net  production  in  1926  decreased  to  131,836,000  and  preliminary 
reports  indicate  a  similar  falling  off  in  exports  which  were  7,211,000 
bushels  for  the  6-month  period  ended  June  30,  1927,  as  compared 
with  27,937,000  bushels  for  the  corresponding  period  the  previous 
year.  These  large  corn  crops  are  bound  to  have  an  influence  upon 
animal  production  and  it  is  probable  that  both  swine  and  cattle 
numbers  will  increase  somewhat  in  the  com  belt. 

Nearly  half  the  corn  exported  from  Yugoslavia  in  1926  went 
down  the  Danube  to  Braila  for  reshipment  to  western  Europe.  The 
remainder  was  exported  to  Czechoslovakia  and  Italy  in  about  equal 
quantities. 

OTHER  CEREALS 

Other  cereals  grown  in  Yugoslavia  are:  Maslin  and  spelt  for  home 
consumption  among  the  Christians  and  millet  in  Mohammedan 
conmaunities.     Buckwheat  and  rice  are  also  grown.     (Table  105.) 

Table  105. — Other  cereals:  Area  and  production  in  Yugoslavia,  1921-19B5 


Cereal 


1921 


Acreage 


Produc- 
tion 


1922 


Acreage 


Produc- 
tion 


1923 


Acreage 


Produc- 
tion 


1924 


Acreage 


Produc- 
tion 


1925 


Acreage 


Produc- 
tion 


Maslin 

Millet. 

Spelt 

Buckwheat 

Rice 


100, 846 
86,517 
46,388 
71,508 


4,512 


Bushels 

1, 176, 800 

622,260 

626, 8o6 

379,944 

Pounds 
5, 530, 239 


107,442 
87, 076 
52,084 
81.  316 


5,117 


Bushels 
940,083 
464,  017 
522, 986 


Pounds 
4, 764, 361 


102, 374 
85,067 
56,702 
14,  702 


5,070 


Bushels 
1, 326. 827 
1,001,026 
1,  007,  519 
170, 462 

Pounds 
5, 468, 951 


99,618 
85,586 
54.594 
11,  715 


3,724 


Bushels 

1, 216, 502 

1, 058, 468 

884,238 

143,  662 

Pounds 
4,  396, 854 


107,  780 
77.258 
50,495 
12,446 


3,054 


Bushels 

1, 655,  271 

1, 113,  480 

816, 837 

190, 441 

Pounds 
2, 712, 981 


1921-1926,  compiled  from  U6, 19^-21,  im-2S,  1925-24). 
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POTATOES 

Before  the  World  War  the  territories  now  comprising  Yugoslavia 
planted  on  the  average  455,000  acres  to  potatoes,  of  which  about 
199,000  acres  were  in  Croatia  and  Slavonia,  87,000  acres  in  Slovenia, 
and  51,000  acres  in  Voivodina.  That  is  to  say,  about  74  per  cent 
of  the  potato  acreage  in  Yugoslavia  was  found  north  of  the  Danube 
and  the  Sava  Rivers.  Potatoes  are  not  employed  to  any  considerable 
extent  in  the  manufacture  of  alcohol  in  Yugoslavia,  as  is  the  case  in 
Czechoslovakia,  because  yields  per  acre  are  low  and  cost  of  produc- 
tion high  except  in  certain  restricted  districts  where  soil  and  cli- 
matic conditions  are  particularly  favorable.  As  a  rule,  beet-sugar 
molasses,  barley,  plums,  and  prunes  are  employed  instead  of  potatoes 
for  the  manufacture  of  alcohol  in  the  south. 

In  the  old  Kingdom  of  Serbia  the  principal  diet  of  the  rural  popu- 
lation is  bread  made  of  com  meal  and  occasionally  of  wheat  flour, 
together  with  raw  onions  and  bacon  or  fat  side  pork.  This  diet  is 
sometimes  varied  with  cheese  and  with  meat  cooked  with  potatoes 
and  paprika;  but,  on  the  whole,  very  small  quantities  of  potatoes 
are  consumed  as  human  food. 

It  is  probable  that  in  the  old  Kingdom  of  Serbia,  in  south  Serbia, 
and  in  Montenegro  potatoes  were  rarely  employed  by  the  distilleries. 
Com  is  utilized  almost  universally  in  pork  production  south  of  the 
Danube  and  the  Sava  Rivers,  whereas  potatoes  are  seldom  if  ever 
fed  to  livestock.  The  use  of  potatoes  for  all  purposes  in  these  dis- 
tricts is  very  restricted,  for  disappearance  averages  less  than  one- 
half  bushel  per  capita  annually.     (Table  106.) 

This  is  in  sharp  contrast  to  conditions  in  northern  Yugoslavia 
where,  during  1909-1913,  potato  disappearance  averaged  from  4.81 
bushels  in  Voivodina  to  5.8  bushels  in  Slovenia.  According  to  data 
assembled  by  the  Austrian  Ministry  of  Agriculture,  the  quantity 
of  potatoes  employed  for  feeding  livestock  and  utiUzed  in  the  indus- 
tries in  former  Hungarian  territories  was  equivalent  to  30  per  cent 
of  the  net  production.  Net  production  in  these  districts  is  considered 
to  be  gross  production  minus  seed  and  minus  an  additional  10  per 
cent  for  decay  and  other  losses.  Before  the  World  War,  the  live- 
stock and  industrial  requirement  of  Croatia-Slavonia  was  placed  at 
4,627,000  bushels  and  the  per  capita  supply  available  for  human 
food  was  estimated  at  1.03  quintals  or  3.7845  bushels  equivalent  to 
a  total  of  10,338,000  bushels  annually.  Thus,  there  appears  to  have 
been  a  small  surplus  available  for  export,  though  this  is  probably  a 
purely  statistical  balance. 

Bosnia-Herzegovina  during  1909-1912  imported  an  average  of 
121,000  bushels  of  potatoes.  This  would  indicate  a  total  average 
supply  of  990,000  bushels  available  for  all  purposes.  If,  as  the 
Austrian  Ministry  of  Agriculture  estimates,  30  per  cent  of  the  net 
production,  or  261,000  bushels,  was  fed  to  livestock  or  utilized  indus- 
trially, then  about  729,000  bushels,  or  0.377  bushel  per  capita,  were 
consumed  annually  as  human  food. 

This  contrast  between  potato  disappearance  in  the  northern 
Districts  and  the  disappearance  south  of  the  Danube  and  the  Sava 
Rivers  is  very  marked  but  probably  represents  with  fair  accuracy 
the  actual  average  conditions  that  existed  before  the  World  War. 
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Table  106. — Potatoes:  Statistical   balance  of    Yugoslavia,    pre-war    average,   and 

annual  1921  to  1926 


Year 

Acreage 

Seed 

Production 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District 

Gross 

Neti 

Statis- 
tical 

Per 
capita  2 

Pre-war  period: 

Old  Kingdom  of  Serbia  3... 
South  Serbia  e 

1909-1911 
1909-1911 
1909-1913 
1909-1912 
1909-1913 

1909-1913 
1909-1913 
1909-1913 
1909-1912 

1,000 
acres 
28 
12 
6 
60 
12 

199 

87 
51 

(21) 

1,000 
bushels 
*723 
<310 
U55 
1,771 
<310 

15  5,138 

*  2,  246 

19  1,305 

43 

1,000 
bushels 

1,721 
709 
258 

2,933 

1,419 

22,847 

10,  418 

6,597 

6 

1,000 
bushels 
826 
328 
77 
869 
967 

15,424 

7,130 

4,632 

3 

1,000 
bushels 
850 
466 
77 
990 
322 

15 14,  965 

i«  6, 165 

16  6,  510 

3 

Bushels 

0.29 

7.28 

.32 

.51 

13.51 

5.48 

5.80 

4.81 

.04 

1,000 
bushels 
«  -24 
-138 

Montenegro ' 

11  -121 
+645 

Bosnia-Herzegovina  i" 

Dalmatiai2 

Croatia,    Slavonia,    Medj- 
murje,  Krk,  and  Kastavi^. 
Slovenia  and  Prekmurje  i'. 
Voivodina  i* 

+459 
+965 
-1,878 
(«) 

Ceded  by  Bulgaria  20 

Total 

455 

11, 961 

46,908 

30,256 

30,  348 

2.41 

—92 

Post-war  period  " 

f          1921 
1922 

{          1923 
1924 

{          1925 

516 
532 
527 
538 
570 

23  13,  566 
is,  986 
13,855 
14,144 
14,985 

26,184 
31,100 
42,638 
37,753 
44,965 

10,000 
14,004 
24,519 
19,834 
25,484 

9,670 
13,  844 
24,314 
19,545 
25,311 

.80 
1.14 
1.97 
1.56 
2.00 

5+330 
5+160 
5  +205 

5+289 
5+173 

Average,  1921-1925 

537 

14, 107 

36,528 

18  7fi8 

18,  537 

1.50 

+231 

1920 

648 

14,  407 

34,539 

20, 132 

20,229 

1.58 

5-97 

1 10  per  cent  of  gross  production  also  deducted  from  each  district  for  decay  and  other  losses. 

2  See  Table  96  for  populations. 

3  See  note  2,  in  Table  96. 

^  Estimated  at  same  rate  as  Croatia  and  Slavonia,  etc.    See  note  15. 

5  Net  imports  indicated  by  (— )  and  net  exports  by  (+),  of  potatoes  for  calendar  years  {17,1909-21,192^-27), 

6  See  note  5  in  Table  96. 

7  Midway  between  Bosnia-Herzegovina  and  old  Bulgaria  (0.04). 

8  See  note  8  in  Table  96. 

9  It  is  assumed  that  the  total  net  production  was  consumed. 

10  Acreage,  seed  and  production  {27, 1922,  p.  564). 

11  Net  imports  for  1909-1912,     1911-1912  (5  Jahrg.  U-1 6).    1913  (16,  p.  S8). 

12  See  note  12  table  96. 

13  Estimated  to  be  the  same  as  Bosnia-Herzegovina. 
n  See  note  15  in  Table  96. 

15  At  same  rate  as  estimated  by  the  Royal  Hungarian  Ministry  of  Agriculture  for  Croatia  and  Slavonia, 
25.82  bushels  seed  per  acre  (22,  p.  27). 

16  Per  capita  supply  of  potatoes  (1.03  metric  quintals)  in  Croatia  and  Slavonia,  as  given  in  (27,  1922,  p. 
565),  multiplied  by  population,  plus  30  per  cent  of  the  net  production  to  cover  feed  for  livestock  and  indus- 
trial purposes. 

17  See  note  18  in  Table  96. 
15  See  note  19  in  Table  96. 

19  Same  rate  as  estimated  for  Voivodina  in  (22,  p.  27)  25.59  bushels  seed  per  acre. 

20  See  note  22  in  Table  96. 

21  Only  118  acres. 

22  Acreage  and  production  1921-1926  from  oflScial  records  of  U.  S.  Department  of  Agriculture  Bureau 
of  Agricultural  Economics. 

23  26.29  bushels  seed  per  acre,  same  as  pre-war  average. 

The  1909-1913  net  production  of  potatoes  in  the  territories  com- 
prising the  present  Eangdom  of  Yugoslavia  averaged  about  30,256,000 
bushels  annually.  Disappearance  was  approximately  30,348,000 
bushels,  indicating  a  small  deficit  to  be  imported. 

In  recent  years  the  area  planted  to  potatoes  has  increased  until, 
in  1925,  it  reached  570,000  acres,  as  compared  with  455,000  acres 
before  the  World  War.  But,  because  of  low  yields  per  acre,  in  no 
post-war  year  has  production  equaled  the  pre-war  average.  This 
decrease  in  yields  is  accounted  for  by  unfavorable  climatic  conditions 
and  by  the  fact  that  the  quality  of  the  seed  potatoes  employed  since 
the  war  has  been  of  low  grade.  The  pre-war  yields  of  potatoes  in 
the  former  Hungarian  and  Austrian  territories  were  maintained  by 
the  periodic  renewal  of  the  seed,  improved  varieties  being  imported 


AGRICULTURAL  SURVEY  OF  EUROPE 


161 


from  Poland  and  Germany.  Since  the  World  War  this  practice  has 
fallen  into  disuse. 

Disappearance  of  potatoes  in  Yugoslavia  since  the  World  War  has 
averaged  about  1.5  bushels  per  capita — relatively  much  less  than  the 
estimated  pre-war  average  of  2.41  bushels.  Thus,  although  production 
has  been  less  than  pre-war  each  year,  a  small  surplus  has  been  available 
for  export. 

It  is  probable  that  north  of  the  Danube  and  the  Sava  com  has 
replaced  the  customary  pre-war  potato  ration  fed  to  livestock  to  a 
very  considerable  degree. 

It  is  also  probable,  since  present  potato  production  is  measured 
largely  by  the  demand  for  human  food,  that  post-war  potato  acreages 
will  continue  somewhat  higher  than  they  were  before  the  World  War 
unless  improved  varieties  of  seed  are  imported  to  increase  the  yields 
considerably  above  present  levels. 

SUGAR  BEETS  AND  BEET  SUGAR 

The  beet-sugar  industry  of  Yugoslavia  is  built  around  eight  factories 
and  refineries  listed  in  Table  107.  Two  of  these  are  located  in  the  old 
Kingdom  of  Serbia,  at  Tchoupria  and  Belgrade.  There  is  one  factory 
at  Usora  in  Bosnia.  The  other  five  plants  are  located  in  Croatia- 
Slavonia  and  Voivodina.  All  but  the  first  two  factories  were  formerly 
part  of  the  closely  organized  Austro-Hungarian  sugar  combine. 

Table  107. — Acreage   and   production   of  sugar   beets    utilized   by  factories   and 
production  of  raw  sugar  in  Yugoslavia^  1913-14 


District  and  factory 

Acreage 
sown 

Beets 
worked 

Raw 
sugar 

Bosnia:  Usora 

«  4, 371 

2,503 
5,009 
7,252 

10,596 

11,861 

12,503 

•12,987 

Short  tons 
29,196 

21,296 
33,433 
140,543 

165,  215 

373,864 

Short  tons 
»5,225 

»  2, 689 
>4,?22 
14,  492 

21,048 

Serbia: 

Tchoupria.. 

Belgrade  * 

Croatia-Slavonia:  Osiyek         

Voivodina: 

Veliki  Beckerek-           

Vrbas 

Tsrvenka 

44,435 

Velye< 

Total 

67,062 

763,547 

92,111 

All  acreage  except  those  noted,  beets  worked  and  sugar  production  for  Bosnia  and  Serbia,  from  report  of 
Vice  Consul  H.  R.  Brown,  Apr.  3,  1924. 
Beets  worked  and  sugar  production  for  Slavonia  and  Voivodina  (16,  [Bd.]  Si,  p.  ISO). 

.'  Estimated  to  be  the  same  proportion  to  sugar  beets  worked,  as  the  average  area  for  1920-1924  is  to  the 
beets  worked  during  thnt  period,  as  reported  in  above  consular  report. 

«  Converted  from  refined  to  raw  on  the  basis,  1  ton  of  refined  sugar  is  equivalent  to  1.14  tons  of  raw  sugar. 

•  Estimated  to  be  produced  at  the  same  rate  per  ton  of  beets  as  in  Tchoupria. 

<  Owned  by  the  State. 

>  Estimated  to  be  the  same  proportion  to  sugar  beets  worked  as  in  Tsrvenka  given  separately  in  the  above 
consular  report. 

Some  of  the  sugar  factories  in  Yugoslavia  are  reported  to  be  financed 
from  Budapest,  Vienna,  Berlin,  and  London.  The  operating  person- 
nel of  certain  factories  comprises  a  large  number  of  Czechs,  and  the 
whole  industry  is  reported  to  be  closely  associated  with  that  of  the 
three  northern  countries — Austria,  Hungary,  and  Czechoslovakia, 
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For  several  years  before  the  World  War  a  single  factory,  operating 
at  Belgrade,  had  produced  sugar  from  domestically  grown  beets  and 
had  refined  raw  sugar  imported  from  Hungary.  In  1911  the  Serbian- 
Czech  factory  at  Tchoupria  entered  the  production  stage  and  Serbia 
became  a  sugar-exporting  country,  sending  3  carloads  ^^  to  Bulgaria 
and  120  carloads  to  Turkey.  The  factory  in  Bosnia  did  not  pro- 
duce enough  sugar  to  meet  the  requirements  of  Bosnia-Herzegovina. 
During  the  4-year  period  ended  1912  an  average  of  34  carloads  of 
refined  sugar  were  exported,  probably  to  Montenegro  and  southern 
Dalamatia,  whereas  the  equivalent  of  850  carloads  of  refined  sugar 
were  imported  from  the  Czech  factories  in  Bohemia,  Moravia,  and 
Silesia. 

There  are  no  separate  records  of  the  pre-war  relations  of  the  other 
factories  to  the  sugar  requirements  of  the  districts  in  which  they  are 
now  located. 

From  the  beginning  of  their  operations,  the  three  southern  factories 
had  developed  beet  growing  among  the  peasants  whereas  in  the  north- 
ern districts,  as  generally  throughout  the  old  Hungarian  Kingdom, 
the  growing  of  sugar  beets  had  been  a  speciaUty  of  the  large  estates. 
The  details  of  the  acreage  to  be  planted  and  the  compensation  to  be 
received  were  matters  arranged  between  the  management  of  the 
factories  and  a  few  large  growers,  who  were  often  directly  or  indirectly 
interested  in  financing  the  manufacturing  end  of  the  industry.  The 
owners  of  large  estates  in  the  territories  now  comprising  northern 
Yugoslavia  were  chiefly  Hungarians  of  the  upper  class,  who  either 
abandoned  their  properties  and  fled  to  Budapest  after  the  treaty  of 
Trianon  became  effective  or  were  deprived  of  a  large  part  of  their 
estates  through  expropriation,  these  farm  lands  passing  into  the 
hands  of  a  large  number  of  small  farmers. 

The  beet  supply  of  the  five  northern  factories  was  thus  seriously 
affected  by  the  land  reform.  Instead  of  making  arrangements  with 
a  few  large  producers,  as  was  formerly  the  practice,  it  was  now  necessary 
to  enter  into  contract  with  a  large  number  of  small  growers,  to  many 
of  whom  sugar-beet  production  was  a  new  business.  Furthermore, 
after  the  new  frontiers  were  finally  established  it  was  found  that  a 
considerable  part  of  the  area  that  had  supplied  beets  to  these  northern 
factories  before  the  World  War  was  now  in  residual  Hungary  and 
Greater  Kumania.  Customs  barriers  thus  shut  off  more  than  half 
of  the  former  beet  supply. 

Before  the  World  War,  as  indicated  in  Table  107,  the  eight  factories 
now  in  Yugoslavia  had  worked  up  during  the  season  1913-14,  763,547 
short  tons  of  beets  which  had  been  produced  upon  67,082  acres.  On 
the  other  hand,  the  annual  pre-war  area  under  beets  in  the  territories 
south  and  west  of  the  present  boundary  lines  of  Hungary  and  Rumania 
averaged  only  35,162  acres,  upon  which  were  produced  380,540  short 
tons  of  beets,  equivalent  to  45,904  short  tons  of  raw  sugar.  Thus, 
about  383,000  short  tons,  or  more  than  half,  of  the  beets  worked 
in  the  factories  of  Croatia-Slavonia  and  Voivodina  had,  before 
the  World  War,  been  grown  on  present  Hungarian  and  Rumanian 
territories. 

"  One  carload  is  10  metric  tons,  or  22,046  pounds. 
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Table  108. — Acreage  and  -production  of  sugar  beets:  Production  and  foreign  trade 
of  raw  sugar  in  Yugoslavia,  average  1909-1913,  and  annual,  1920-21  to  1926-27 


Sugar  beets 

Raw  sugar 

Year 

Acreage 

Production 

Production 

Imports 

(-)or 

exports 

(+)' 

Average,  1909-1913 » 

35, 162 
38,758 
41.387 
47,520 
66,680 

119,  241 
81,820 

•86,000 

Short  tons 
380,540 
225,505 
207,796 
344,677 
411,459 
1,171,862 
562,964 
•652,000 

ShoH  tons 

» 92,  111 

24,263 

27,232 

36,933 

46,015 

140, 414 

»  74,  700 

»  79,  777 

Short  tons 

1920-21  

-39,685 

1921-22 

-33, 679 

1922-23 

-19,112 

1923-24 

-13,887 

1924-26 

+11,317 

1925-26 

-1,582 

1926-27 

(*) 

1920-21  to  1925-26  acreage  and  production,  from  official  records  of  the  United  States  Department  of  Agri- 
culture, Bureau  of  Agricultural  Economics.  Imports  1920-1923,  from  consular  report  of  K.  S.  Patton, 
Oct  27, 1924;  1924  exports,  from  consular  report  of  K.  S.  Patton,  Aug.  31, 1925;  1926,  from  consular  report  of 
K.  S.  Patton  Feb.  28,  1927. 

'  Calendar  years  converted  to  raw  from  refined  on  the  basis,  1.14  tons  raw=  1  ton  refined. 
»  Estimate  for  pre-war  1909-1911,  for  old  Kingdom  of  Serbia  and  south  Serbia;  1911-1913,  for  Bosnia- 
Herzegovina  and  1909-1912  for  territory  ceded  by  Bulgaria.    See  Table  96  for  sources.' 

*  Total  sugar  produced  during  the  year  1913-14  in  present  Yugoslavia  from  beets  that  were  grown  in  pres- 
ent Yugoslavian  territory  as  well  as  on  territories  that  remained  in  other  countries.  (Table  107.)  The  esti- 
mated sugar  production  from  beets  grown  on  present  Yugoslavian  territory  during  1909-1913  would  amount 
to  4.'),904  short  Ions,  assuming  the  sugar  produced  per  ton  of  beets  to  be  the  same  as  in  Table  107. 

<  Not  available. 

»  Communication  from  International  Institute  of  Agriculture. 

•  (/«.  [V]  18). 

The  first  difficulty  of  the  sugar  industry  of  Yugoslavia  after  the 
World  War  was  to  obtain  acreage.  After  1921  the  acreage  each  year 
was  greater  than  the  1909-1913  area  within  Yugoslavia  itself,  but 
it  was  not  until  the  season  of  1924-25  that  the  factories  succeeded 
in  contracting  for  as  large  an  acreage  as  they  had  had  in  1913-14. 
(Table  108.) 

The  peasants  were  not  equipped  with  the  requisite  machinery  for 
the  cultivation  of  beets,  and  hand  labor  did  not  give  the  returns  that 
were  obtainable  from  some  other  crops,  particularly  com.  It  has 
been  stated  that  many  peasants  would  not  plant  beets  two  years  in 
succession.  The  manufacturers  who  in  the  meantime  had  organized 
themselves  into  the  Union  of  Sugar  Factories  distributed  books  and 
pamphlets  that  described  methods  of  cultivation.  They,  also,  con- 
ducted propaganda  setting  forth  the  advantages  of  beet  cultivation, 
loaned  machinery  free  to  the  peasants,  supplied  seed  (in  many  cases 
free),  and  made  cash  advances  to  growers.  All  these  inducements 
resulted,  in  1924,  in  an  acreage  far  above  pre-war,  119,241  acres  being 
planted.  The  season  was  favorable,  and  1,171,862  short  tons  of 
beets  were  produced. 

This  large  acreage  and  production  of  the  year  1924  followed  a  con- 
ference of  the  sugar-beet  growers  and  the  manufacturers,  at  which  a 
committee  of  four  members  from  each  group  was  appointed  to  act  as 
advisers  to  the  Ministry  of  Agriculture  and  Waters  on  questions 
relating  to  the  industry.  This  committee  fixed  a  minimum  price  of 
30  dinars  per  220  pounds  of  beets  (equivalent  to  16.3  cents  ^®  per  100 
pounds)  for  the  crop  of  1924.  This  was  an  appreciable  advance  over 
the  price  paid  for  the  1923  crop  of  25  dinars  per  220  pounds  or  13.1 

7«  During  first  three  months  of  1924  the  value  of  1  dinar  averaged  1.1967  cents. 
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cents  ^^  per  100  pounds.  This  price  for  the  1924  crop  is  said  to  have 
been  fixed  on  the  basis  of  the  world  market  price  for  sugar  at  the 
beginning  of  1924  of  30  Enghsh  pounds  sterling  per  metric  ton  or 
$5.83^^  per  100  pounds.  By  the  time  the  sugar  season  opened  the 
world  price  of  sugar  had  fallen  to  16  to  17  pounds  sterling  per  metric 
ton  (equivalent  to  $3.26  to  $3.46  per  100  pounds).^^  This  created 
serious  difficulties.  The  factories  delayed  the  acceptance  of  beets, 
and  the  beets  lost  in  weight.  The  factories  were  not  prompt  in 
making  payments. 

As  a  result  the  sugar  growers  organized  themselves  into  the  Feder- 
ation of  Sugar  Beet  Growers  in  November,  1924,  with  the  purpose  of 
purchasing  the  two  factories  owned  by  the  State  and  operating  them 
cooperatively.  Finally  wealthy  growers  subscribed  several  million 
dinars,  and  work  has  been  begun  on  the  construction  of  two  small 
factories,  one  at  Crepaya  and  the  other  at  Sivac,  both  in  Voivodina. 
The  daily  capacities  of  these  plants  are  110  and  165  short  tons  of 
beets  respectively.  They  will  probably  not  produce  over  2.5  per 
cent  of  the  normal  sugar  production  of  the  eight  factories  in  operation. 
These  factories  can  not  begin  operations  for  some  time  after  the 
closing  of  this  report,  and  then  it  is  expected  that  their  influence  on 
the  sugar  situation  will  be  small. 

Although  a  large  exportable  surplus  of  sugar  was  produced  in  the 
season  1924-25  the  quantity  of  sugar  actually  exported  during  1925 
was  small,  and  it  is  estimated  that  the  factories  went  into  the  cam- 
paigns of  1925-26  with  about  a  year's  supply  of  sugar  on  hand.  On 
account  of  the  low  price  previously  received  for  beets  many  peasants 
had  abandoned  beet  cultivation,  and  the  total  acreage  was  cut  almost 
in  half.  The  year  was  marked  by  conflicts  between  beet  growers 
and  the  factories  which  finally  resulted  in  more  nearly  satisfactory 
prices  to  the  growers.  The  sugar-beet  area  for  1926-27  reached 
86,000  acres.  According  to  the  report  from  the  International  Insti- 
tute of  Agriculture  79,777  short  tons  of  raw  sugar  were  produced. 

The  sugar  cartel  estimated  that  the  carry-over  at  the  end  of  1925-26 
was  equivalent  to  8,453  short  tons  of  raw  sugar.  They  estimated 
consumption  for  the  year  at  105,407  short  tons  (raw)  of  which  1,582 
short  tons  (raw)  were  imported. 

The  estimated  capacity  of  the  present  equipment  of  the  sugar 
factories  in  Yugoslavia  is  about  165,000  short  tons  of  raw  sugar 
annually.  It  is  thus  possible,  after  adjustments  between  growers 
and  manufacturers  have  been  reached,  to  produce  enough  sugar  in 
Yugoslavia  to  meet  domestic  requirements  and  to  give  an  exportable 
surplus  of  80,000  to  90,000  short  tons  per  year. 

Beet  pulp  is  utilized  locally  as  a  cattle  feed.  About  10,000  short 
tons  of  dried  pulp  were  shipped  to  the  United  States  in  1925.  Molas- 
ses, as  weU  as  the  beets  themselves,  is  used  in  the  manufacture  of 
alcohol. 

TOBACCO 

The  southeastern  portion  of  the  District  of  south  Serbia,  annexed 
by  the  old  Kingdom  of  Serbia  at  the  close  of  the  Balkan  War  in  1913, 
was  formerly  a  portion  of  that  part  of  Macedonia  in  the  Ottoman 

"  During  the  last  three  months  of  1923  the  value  of  1  dinar  averaged  1.1533  cents. 

"  During  the  first  three  months  of  1924  the  value  of  1  English  pound  averaged  $4.28581. 

7»  The  average  value  of  1  English  pound  sterling  during  October,  1924,  was  $4,487. 
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Empire  that  was  devoted  to  the  cultivation  of  Turkish  tobacco.** 
The  best  grades  of  tobacco  produced  in  Serbian  Macedonia  classify  as 
"basma" — that  is,  the  small-leaf,  fined-veined  cigarette  tobacco. 
Similar  tobacco  is  also  grown  in  the  old  Kingdom  of  Serbia,  in 
Herzegovina,  in  parts  of  Montenegro,  and  in  south  Dalmatia,  although 
the  quality  of  the  tobaccos  grown  in  these  latter  Districts  will  not 
average  as  high  as  that  grown  in  Serbian  Macedonia,  as  they  aie 
chiefly  of  the  larger,  coarser  sorts  that  produce  leaves  of  the  secondary 
commercial  grade  called  "bachi  bali." 

The  tobaccos  grown  in  northern  Dalmatia,  in  Croatia,  Slavonia, 
and  Voivodina  are  of  the  large-leaf  varieties. 

The  old  Kingdom  of  Serbia  planted  an  annual  average  of  5,930 
acres  to  tobacco  during  1909-1911,  producing  4,288,000  pounds 
of  leaf,  from  which  811,000  pounds  were  exported.  On  the  other 
hand,  297,000  pounds  of  prepared  tobacco,  including  cigars  and 
snuff,  were  imported  each  year.  This  indicates  a  pre-war  per  capita 
consumption  of  1.30  pounds  of  tobacco  annually. 

In  Bosnia-Herzegovina  the  pre-war  area  under  tobacco  was 
approximately  7,181  acres,  from  which  about  8,818,000  pounds  of 
leaf  were  obtained.  The  net  exportation  of  leaf  tobacco  during 
1909-1912  averaged  1,686,000  pounds,  as  contrasted  with  a  net 
importation  of  cigars  and  other  forms  of  manufactured  tobacco 
averaging  106,000  pounds.  This  would  indicate  an  average  annual 
disappearance   equivalent   to   3.75   pounds   of   tobacco   per  capita. 

The  heaviest  producing  tobacco  region  was  south  Serbia.  The 
average  pre-war  area  under  tobacco  in  this  region  has  been  estimated 
to  be  16,407  acres.  Annual  production  has  been  approximated  at 
1 1 ,649,000  pounds.  Assuming  per  capita  disappearance  to  be  midway 
between  that  of  the  old  Kingdom  of  Serbia  and  that  of  Bulgaria,  or 
about  1.75  pounds,  about  8,736,000  pounds  of  tobacco  woiSd  have 
been  available  for  export  each  year. 

Dalmatia  produced  a  second-rate  tobacco  in  large  quantity  ship- 
ping about  5,000,000  pounds  annually  to  the  Austrian  tobacco 
monopoly. 

No  tobacco  was  grown  in  Slovenia  and  only  a  Uttle  in  Croatia- 
Slavonia,  but  the  tobacco  monopolies  of  Austria  and  Hungary  main- 
tained factories  in  all  of  these  Districts.  Disappearance  of  all  classes 
of  tobacco,  including  cigars,  cigarettes,  pipe  tobacco,  and  snuff, 
averaged  between  2.54  and  2.67  pounds  per  capita  annually.  About 
9,600,000  pounds  of  leaf  and  manufactured  tobacco  was  shipped  to 
these  districts  each  year. 

Voivodina  consumed  about  3,000,000  pounds  of  tobacco  per  year 
and  shipped  (net)  about  620,000  pounds  annually  to  other  Districts. 
The  quality  of  tobacco  grown  in  the  north  was  not  first-class  as  com- 
pared with  the  finer  grades  produced  in  south  Serbia  or  Herzegovina. 

Taken  as  a  whole,  the  territories  now  comprised  within  the  King- 
dom of  Yugoslavia  planted  about  an  average  of  40,475  acres  of 
tobacco  annually.  In  Table  109,  production  averaged  37,615,000 
pounds.  Disappearance  was  approximately  29,252,000  pounds. 
This  released  aoout  8,363,000  pounds  per  year  for  exportation  to 
other  countries. 

»  Yugoslav  tobaccos  originated  from  Smyrna.  They  are  now  known  by  the  names  of  the  Districts  in 
which  they  grow— Uadovishte  I,  II,  and  Extra;  Kochane— Zrnavatz;  Malash;  Prilep Djumay-Bale 
Sketche  I,  Sketche  II;  Skoplye— Crna-Gora,  lilatiya,  Karshi-Jaka;  Kotnanovo-Djuma;  Vranve— BrziJc, 
and  Gushan;  Prosechan,  Kurilovatz,  Bainovatz,  Bosnian,  ilerzegovinian,  Banat,  Scigekin— Kuzha,  TiszH, 
Dalmatian,  etc.  {S,  p.  ISS). 
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Table  109. — Tobacco:  Statistical   balance   of    Yugoslavia,    pre-war   average,    and 

annual,  1921-1926 


Year 

Acreage 

Produc- 
tion 

Disappearance 

Surplus 

(+)or 

deficit 

(-) 

District 

Statis- 
tical 

Per 
capita 

Pre-war  period: 

Old  Kingdom  of  Serbia 

1909-1911 

16,930 
3 16, 407 
3  1,768 
?  7, 181 
10  4, 158 

"287 
(») 
16  4,  601 
17  143 

1,000 
pounds 

14,288 
*  11,  649 

3  1,085 

8  8, 818 
10  6,  559 

"209 

(14) 

16  4,  056 
17  951 

1,000 
pounds 
3,774 
2,913 
894 
7,238 
1,124 

6,939 

2,840 

3, 436 

94 

Pounds 

1.30 

U.75 

6  3.75 

3.75 

11  1.  78 

13  2.54 
15  2.  67 
13  2.  54 
18  1.  30 

1,000 
pounds 

+  2  514 

South  Serbia                     

+8,  736 

Montenegro 

+191 

4-  »  1,580 

Dalmatia 

1909-1913 
1909-1913 

-f  5, 435 

Croatia,  Slavonia,  Medjmurje,  Krk,  and 
Kastav      .  _    _  _ 

—6, 730 

Slovenia  and  Prekmurje 

-2,840 

1909-1913 
1909-1912 

+620 

Ceded  by  Bulgaria 

+857 

Total 

40,  475 

37,  615 

29,252 

2.32 

+8,363 

1921 
1922 
1923 
1924 
1925 
1926 

35,523 
31,419 
53,606 
87, 051 
36,  798 
36,000 

26,046 
20,704 
38,231 
78,  671 
26,590 
32,682 

20  26,455 
2119,020 
21 18,  974 

2.17 
1.54 
1.52 

Postwar  period  " 

+19,211 

+59,  697 

1  Acreage  and  production  (45). 

2  811,000  pounds  net  exports  of  unmanufactured  tobacco,  1909-1911  (4S),  and  297,000  pounds  imports  of 
manufactured  tobacco  (46). 

3  Estimated  to  be  the  same  proportion  to  old  Serbia  as  1920,  as  given  in  (46, 1921-20,  p.  52). 

*  Estimated  by  assuming  the  yield  per  acre  to  be  midway  between  that  for  old  Kingdom  of  Serbia  and 
South  Bulgaria,  710  pounds  per  acre. 

I  Estimated  to  be  midway  between  the  per  capita  consumption  of  Bulgaria  (2.20  poimds)  and  old  King- 
dom of  Serbia. 

6  Assumed  to  be  the  same  rate  as  Bosnia- Herzegovina. 

7  Acreage  estimated  by  assuming  the  yield  per  acre  to  be  equal  to  that  in  South  Serbia. 

8  From  translation  of  excerpt  from  Trgovinski  Glasnik,  from  report  of  S.  W.  Carroll,  Dec.  31,  1919. 
Reported  as  pre-war.    No  year  specified. 

« 1,686,000  pounds  net  exports  of  leaf  tobacco  and  106,000  pounds  net  imports  of  manufactured  tobacco, 
1909-1912  for  Bosnia-Herzegovina  (5,  Jahrg.  12-15). 
10  Dalmatia  acreage  and  production  (/).    An  estimate  of  territory  ceded  to  Italy  has  been  subtracted. 

II  Per  capita  consumption  for  total  Dalmatia  1911  calculated  from  (2,  Jahrg.  SI),  by  dividing  the  population 
for  1911  into  total  distribution  of  tobacco  for  that  year. 

12  Acreage  and  production  for  Croatia-Slavonia  (15).    No  tobacco  produced  in  other  areas. 

13  Assumed  to  be  the  same  as  that  for  total  Himgary,  as  given  in  (15). 
1*  No  tobacco  produced. 

15  Per  capita  consumption  estimated  to  be  equal  to  that  for  Kraine  in  1911,  as  calculated  from  (2,  Jahrg.  SI), 
by  dividing  1911  population  into  total  distribution  of  tobacco  for  that  year. 

16  Acreage  taken  from  same  source  as  note  12.  Production  estimated  by  assuming  the  yield  per  acre  for 
each  small  division  of  Voivodina  to  be  the  same  as  that  given  for  tobacco  produced  according  to  the  records 
of  the  tobacco  monopoly  given  in  the  same  source  as  note  10. 

17  Calculated  from  (9). 

18  Assumed  to  be  at  same  rate  as  old  Kingdom  of  Serbia. 

19  Acreage  and  production  1921-1925  (46, 1924-2S,  p.  S5;  1925-24,  V-  35);  1926  (18,  [v.]  18). 

20  From  consular  report  of  K.  S.  Patton,  dated  Apr.  8,  1925. 

21  From  consular  report  of  K.  S.  Patton,  dated  May  11, 1925. 

A  State  tobacco  monopoly  was  established  in  the  old  Kingdom  of 
Serbia  in  1890  mider  the  supervision  of  the  Ministry  of  Finance. 
The  pre-war  manufacture  and  sale  of  tobacco  in  the  other  Districts 
except  south  Serbia  and  Montenegro  was  controlled  by  the  tobacco 
monophes  of  Austria  and  Hungary.  In  1920  the  old  Serbian  law  was 
made  uniformly  applicable  to  the  entire  Kingdom  of  Yugoslavia. 
The  present  management  of  the  tobacco  monopoly  controls  the  plant- 
ing, the  harvesting,  the  purchase,  the  manufacture,  the  sale,  the 
importation,  and  the  exportation  of  tobacco  and  tobacco  products. 

Tobacco  acreage  in  Yugoslavia  remained  below  the  pre-war  esti- 
mated average  during  1921  and  1922,  and  production  was  low,  but 
it  is  reported  that  about  320  carloads  ^^  of  tobacco  were  exported  in 
1922.     In  1923  both  acreage  and  production  exceeded  the  pre-war 


81  One  carload  is  equal  to  10  metric  tons,  or  22,046  pounds. 
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estimated  averages.  Production  reached  38,231,000  pounds,  from 
which  the  management  of  the  tobacco  monopoly,  according  to  an 
unofficial  report,  prepared  500  carloads  for  exportation,  but  since 
Greece,  Turkey,  and  Bulgaria  also  produced  large  crops  of  tobacco  in 
that  year,  the  Yugoslavian  monopoly  was  unable  to  market  this 
surplus  to  advantage  in  foreign  countries. 

The  following  year  (1924),  under  permits  from  the  tobacco  mono- 
oly,  87,051  acres  were  planted,  from  which  78,671,000  pounds  of 
cat  were  obtained.  This  bumper  crop,  twice  that  of  the  preceding 
year,  overwhelmed  the  sales  capacity  of  the  monopoly,  because 
Bulgaria,  Greece,  and  Turkey  agam  produced  large  crops. 

This  crisis  was  followed  by  a  reduction  in  the  number  of  permits 
granted  and  a  more  careful  selection  of  Districts  in  which  tobacco  was 
permitted  to  be  grown.  Only  the  Districts  that  produce  the  highest 
quality  of  tobacco  were  allowed  to  grow  the  1925  crop.  No  permits 
were  issued  in  Slovenia,  Slavonia  or  northern  Dalmatia,  or  in  the 
Banyaluka,  Zvornik,  and  Bjelina  Districts  of  Bosnia  or  in  the  Prozor 
District  of  Herzegovina.  As  a  consequence  the  areas  planted  in  1925 
and  1926  totaled  about  36,000  acres  from  which  26,590,000  pounds  of 
leaf  were  produced  in  the  former  year  and  32,682,000  pounds  in  the  latter. 

Under  1 924  conditions,  the  factories  of  Yugoslavia  produced  monthly 
235,000,000  cigarettes,  2,500,000  cigars,  1,380,000  pounds  of  cut 
tobacco,  and  175,000  pounds  of  chewing  tobacco. 

It  is  reported  that  in  1924  the  consumption  of  cigarettes  reached 
2,681,531,689,^2  cigars  43,683,812,  of  cut  tobacco  12,261,000  pounds, 
of  snuff  and  chewing  tobacco  317,000  pounds,  and  3,000  pounds  of 
tobacco  extract  were  sold.  Thus,  tobacco  consumption  for  1924 
has  been  placed  at  approximately  18,974,000  pounds,  far  below  the 
pre-war  estimate. 

Large  stocks  of  tobacco  accumulated  in  Yugoslavia  during  the  years 
of  the  flurry  of  1923  and  1924.  These  stocks  are  being  disposed  of 
by  negotiations  with  tobacco  monopoUes  of  other  European  countries. 
Poland  is  reported  to  have  taken  several  consignments. 

It  is  probable  that  the  1926  acreage  represents  the  level  about 
which  future  tobacco  acreage  in  Yugoslavia  will  fluctuate. 

FODDER  AND  FORAGE  CROPS 

Between  1922  and  1925  there  was  an  appreciable  increase  in  the 
acreage  of  natural  meadows  as  well  as  in  pasture  lands.  (Table  110.) 
Cultivated  forage  plants  totaled  somewhat  less  at  the  end  of  the  4-year 
period  ended  1925  than  at  the  beginning. 

Table  110. — Forage  and  fodder  plants:  Acreage  and  production  in   Yugoslavia, 

1922-1925 


Crop 

Acreage 

Production 

1922 

1923 

1924 

1925 

1922 

1923 

1924 

1925 

Forage  boots 

Acres 

46,890 

134.289 

268,479 

53,065 

35,30? 

144,  487 

3,865,343 

6,519,894 

Short  tms 

44,325 

149,300 

268,128 

9,452 

37,866 

170,020 

3,972,263 

6,660,593 

Acres 

43,307 

149,112 

278,237 

8,540 

42,887 

138,376 

3,942,972 

6,947,118 

Short  tons 

48.790 

150.953 

266,342 

7,971 

93,611 

96.858 

4,064,429 

6,816,819 

Acres 
213.717 
185,893 
299,658 
154.800 
19,640 

ShortUms 

225,667 

217,857 

396,987 

30,071 

14, 413 

Acres 
249,406 
219,296 
397,682 
22,232 
20.118 

ShoHUms 
279,695 

AlfaUa 

253,440 

Clovor 

398,099 

Turnips 

20,358 

Vetches 

48,677 

other  forage  crops . . . 

Natural  meadows 

Pastures 

2.654,506 

3,384,430 

3,684.737 

4,158,011 

Compiled  from  {17,  t9tS,  19^-1996). 

"  A  cigarette  weighs  1  gram  and  a  cigar  5  grams. 
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COTTON 

A  very  small  quantity  of  low-grade  cotton  is  produced  in  the  south- 
ern counties  of  Yugoslavia  for  export  to  Greece. 

LIVESTOCK 

When  the  Slavic  clans  poured  into  the  Balkan  peninsula  from  the 
northeast,  the  domestic  animals  of  the  native  populations  were  of 
types  similar  to  those  of  the  Italian  Peninsula,  or  were  descended 
from  the  wild  European  cattle.  Throughout  their  migrations  from 
the  plains  of  Russia  these  Slavic  clans,  which  have  since  developed 
into  the  various  branches  of  the  present  Nation  of  the  Yugoslavs, 
clung  tenaceously  to  the  local  races  of  household  animals  that  had 
constituted  their  flocks  and  herds  in  the  mother  country  (eastern 
Gahcia).  These  animals  were  brought  with  them  when  the  Slavs 
pressed  southward  by  the  Magyars,  made  their  final  stand  in  the 
ranges  of  the  Balkan  Mountains  and  the  foothills  of  the  Alps. 

Remnants  of  the  ancient  Roman  races  of  livestock  are  still  to  be 
found  in  Dalmatia  and  the  coast  counties  of  Croatia.  To  the  north 
the  Slavic  steppe  animals  have  given  place  to  those  of  tartar  origin 
brought  by  the  Magyars  from  the  south  Volga  regions,  and  in  the  south- 
east Turldsh  horses  have  left  their  impress. 

During  the  last  few  centuries  these  Slavic  peoples,  with  the  ex- 
ception of  the  Montenegrans,  were  under  the  domination  of  different 
foreign  influences.  The  Serbs,  including  those  in  Bosnia-Herze- 
govina, and  south  Serbia  were  under  the  Turks.  The  Croats,  the 
Slavonians,  and  the  Serbs  of  Voivodina  were  under  the  Hungarians. 
The  Slovenes  and  Dalmatians  were  under  the  Austrians,  who  a  few 
years  before  the  World  War  also  wrested  the  control  of  Bosnia-Her- 
zegovina from  the  Turks. 

In  most  of  the  countries  that  were  brought  into  subjection  to  the 
Turks,  horse  breeding  was  fostered  by  the  Ottoman  Government  but 
for  the  most  part  the  Turks  left  the  fierce,  warlike  Serbs  to  their 
own  devices.  In  the  mountain  districts,  where  the  Serbian  clan 
organization  was  maintained  throughout  the  centuries  of  Turkish 
domination,  the  breeds  of  farm  animals  were  identical  with  those 
brought  in  by  the  Serbs,  or  were  mixtures  of  these  with  the  breeds 
indigenous  to  the  regions  when  the  Serbs  arrived.  As  to  quality,  no 
change  had  occurred  for  centuries. 

After  the  warring  clans  had  succeeded,  in  the  early  part  of  the  nine- 
teenth century,  in  establishing  the  governmental  integrity  of  the 
old  Kingdom  of  Serbia,  the  central  Serbian  Government  undertook 
the  improvement  of  horses  for  military  purposes.  In  the  recent  years 
just  preceding  the  World  War,  attempts  were  made  to  improve  other 
classes  of  livestock.  Under  Hungarian  tutelage  the  horses,  cattle, 
swine,  and  to  a  lesser  extent  the  sheep,  north  of  the  Danube  and  the 
Sava,  were  improved  by  the  introduction  of  superior  breeds  of  farm 
animals  from  central  and  western  Europe.  Although  less  systematic 
and  thorough  than  the  Hungarians,  the  Austrians  stimulated  the 
animal  industry  of  Slovenia,  but  little  or  nothing  was  done  in  Bosnia- 
Herzegovina. 

In  the  highlands  of  Montenegro  (Black  Mountain)  sheep  and  goat 
herding  is  the  main  occupation  of  the  people,  who  are  outnumbered 
by  their  farm  animals.    In  the  precipitous  coastal  regions  of  Dalmatia 
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stock  raising  is  chiefly  confined  to  mountain  sheep,  goats,  mules,  and 
donkeys.  Most  of  the  mules  and  donkeys  of  Yugoslavia  are  found 
in  the  coast  District  of  Dalmatia,  though  they  are  also  important 
beasts  of  burden  in  the  mountainous  regions  oi  Bosnia-Herzegovina 
and  in  south  Serbia.  In  both  south  Serbia  and  the  old  Kingdom  of 
Serbia  sheep  and  goat  herding  have  been  characteristic  occupations  of 
the  Zadrugas  for  centuries.  Serbia,  however,  has  been  more  famed  for 
its  pigs,  and  for  the  fine  flavor  of  the  pork  and  the  quality  of  the  fat 
produced  by  the  hogs  that  are  fed  on  the  beechnuts  and  acorns  of  its 
forests.  Horse  breeding  has  been  a  leading  large-estate  industry  of 
Batchka  (northwest  Voivodina) — a  region  particularly  well  adapted 
to  the  production  of  oats.  Cattle  are  raised  in  all  parts  of  Yugoslavia 
as  work  animals  but  very  little  attention  has  been  given  to  their 
breeding  except  in  the  northern  Districts. 

HORSES 

The  breeds  of  horses  found  in  Yugoslavia  are  most  varied  in  origin 
and  characteristics.  In  the  mountains  of  Slovenia  are  found  the 
heavy  draft  hoi-se  of  early  Roman  and  Spanish  descent  similar  to  the 
Norit  of  Austria.  In  the  Slovenian  lowlands,  Croatia,  Slavonia,  and 
Voivodina  the  peasant  horses  are  of  the  warm-blooded  Tartar  type 
similar  to  those  of  Hungary.  Along  the  coast  of  Dalmatia  vestiges 
of  Roman  types  are  found  mingled  with  oriental  breeds.  In  Bosnia- 
Herzegovina  and  Montenegro  the  horses  are  of  the  pack-animal 
type — small,  nervous,  warm-blooded.  The  native  horses  of  the  Serbs 
are  of  the  Russian-steppe  type,  descended  from  the  sturdy,  ponylike 
animals  that  carried  the  Slavic  warriors  on  their  raids  southward. 
Although  small,  these  horses  are  wiry  and  resistant  to  cold,  diseases, 
and  hard  usage.  They  constitute  excellent  foundation  stock  for 
crossing  with  the  Norman  horses  from  France,  or  with  the  Turkish 
and  Arabian  full  bloods  from  the  south,  or  with  English  and  other 
breeds  from  the  north. 

Seven  horse-breeding  stations  in  Yugoslavia  are  maintained  by 
the  Government.  These  contain  Norman,  English,  and  Arabian 
sires  for  developing  cavalry  remounts  and  fight  draft  horses.  There 
are  also  Belgians  for  building  up  heavy-draft  breeds. 

The  chief  improved  breeds  of  horses  in  Yugoslavia  are  the  Posavaka, 
lipican.  Nonius,  Hungarian,  and  Belgian.  These  are  all  crossbred 
strains  of  native  stock  and  southern  or  northern  blooded  sires. 
Except  for  a  few  estates  that  speciafize  in  purebred  stock,  the  horse 
industry  among  the  south  Slavs  consists  of  building  up  the  native 
breeds. 

Taking  into  consideration  the  enormous  destruction  of  life  and 
property  in  all  parts  of  Yugoslavia  occupied  by  the  armies  of  the 
Central  Powers  during  the  World  War,  the  relative  status  of  the  horse 
situation  in  1921,  as  indicated  in  Table  111,  is  remarkable. 

Between  1921  and  1925  the  number  of  horses  in  Yugoslavia  in- 
creased from  1,069,000  to  1,106,000,  or  to  93.9  per  cent  of  the  total 
pre-war  number  of  horses  estimated  to  have  been  in  the  territories 
now  constituting  the  Kingdom  of  Yugoslavia.  These  figures  are  not 
comparable,  since  those  for  1921  include  all  horses,  whereas  the  data 
for  1922  to  1925,  inclusive,  include  only  horses  used  on  farms  and  do 
not  account  for  horses  in  cities,  or  those  employed  in  the  industries, 
or  those  in  the  Army. 
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Table  111. — Horses:  Numher  in    Yugoslavia,    pre-war   period,   and   1921-1925, 
with  exports  for  1921-1926 


Horses 

Exports 

District  and  year 

Total 

Per  1,000 
acres 

Per  1,000 
popula- 
tion 

Horses 

Colts 

Pre-war  period: 
1910— 

Old  Kingdom  of  Serbia 

Number 

1  162, 623 

»7,810 

3  71,503 

8 10, 116 

*  221, 981 

»  25,  910 

«  352, 510 
7  50,603 
8  284,  615 

Number 

}       13.0 

6.3 
4.2 
17.5 
8.2 

32.5 
12.6 
68.5 

Number 
r       52.4 
1      107. 9 
42.9 
42.4 
114.9 
41.0 

129.0 
47.6 
210.4 

Number 

Number 

Cftdftd  by  Bnlgflrifl___ 

South  Serbia.r 

Montenegro 

Bosnia-Herzegovina ,.      .   ,   ^ 

Dalmatia.    . 

1910-1911— 

Croatia,  Slavonia,  Medjmurje,  Krk,  and 
Kastav 

Slovenia  and  Prekmurje.. 

29ii_voivodina 

Total 

1, 177,  571 

19.2 

93.5 

Post-war  period: 
1921 

9  1,069,000 
11  1, 044, 000 
111,063,000 
11  1, 054,  000 
11  1, 106, 000 

17.4 
17.0 
17.3 
17.1 
18.0 

89.0 
85.7 
86.2 
84.4 
87.4 

10  22,228 

12  26,  700 

13  52,479 
13  55, 193 
"  32,  767 
"  36,  574 

1922 

8,365 
6,124 

1923     -                  

1924- 

1,282 
140 

1925 

1926 

265 

1  (17, 190^21.) 

2  (10.) 

3  Estimated  to  be  the  same  as  1921. 
i  (6,  p.  VIII.) 

«  Calculated  from  (2,  Jahrg.  SI,  p.  90). 

« 1911  for  Croatia  and  Slavonia,  calculated  from  data  in  (15, 1912,  p.  1S7);  1911  for  Medjmurje,  calculated 
from  Zala  figures  given  in  (16, 1912,  p.  ISl);  1910  for  Krk  and  Kastav,  calculated  from  coast-land  figures 
given  in  (2,  Jahrg.  SI,  p.  90). 

7 1910  for  Slovenia,  calculated  from  Stiermark,  Karnten  and  Krain  figures,  given  in  (2,  Jahrg.  SI,  p.  90); 
1911  for  Prekmurje,  calculated  from  Zala  and  Vas  figures,  given  in  (15, 1912,  p.  ISl). 

8  Calculated  from  data  in  (15, 1912,  p.  137). 

9  (22,  p.  96).  In  those  parts  of  Dalmatia  occupied  by  Italians  the  enumeration  of  domestic  animals  on 
January  31,  1925,  was  impossible. 

10 1921  exports  from  Commerce  Reports  (26,  p.  489). 

11  Horses  employed  in  agriculture  (17, 1925-26). 

12 1922  exports,  from  reports  of  Consul  K.  S.  Patton  dated  Aug.  18,  1924. 

13 1923  and  1924  exports  from  reports  of  Consul  K.  S.  Patton  dated  Mar.  30,  1925. 

u  1926  and  1926  exports,  from  report  of  Consul  Stewart  E.  McMillan,  dated  Mar.  28, 1927. 

International  Trade  in  Horses 

The  old  Kingdom  of  Serbia  imported  175  horses  from  Austria- 
Hmigary  in  1910.  In  that  year  Bosnia  and  Herzegovina  exported 
(net)  5,780  horses.  It  is  probable  that  before  the  World  War  Croatia, 
Slavonia,  and  Voivodina  produced  a  surplus  of  horses  which  was 
absorbed  by  the  armies  of  Austria  and  Hungary. 

Since  the  World  War  Yugoslavia  has  exported  from  22,228  (1921) 
to  55,193  (1924)  horses  annually. 


CATTLE 

When  the  Slavic  clans  penetrated  the  Balkans  they  found  that 
the  scattered  native  population,  including  colonies  of  Roman  farmers, 
owned  cattle  in  some  respects  superior  to  the  large-boned,  long-limbed 
breed  of  draft  ox  that  had  dragged  camp  equipment  for  decades 
during  their  migrations  from  Galicia  over  the  Carpathians  and  down 
the  Danube  to  the  Balkans  These  draft  oxen  were  put  to  service 
before  the  plow,  and  in  the  fertile  valleys  they  soon  replaced  all 
other  breeds.     The  aboriginal  peoples  and  their  domestic  animals 
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were  driven  up  into  the  mountains.  During  the  centuries,  these 
peoples  were  absorbed  by  the  Serbs  and  no  trace  of  them  remains. 
Their  cattle,  on  the  other  hand,  have  persisted,  and  these  small, 
short-legged,  hardy  cattle  of  gray,  brown,  black,  or  tawny  color  are 
still  found  under  various  local  names  ^  in  the  hill  regions  of  Serbia, 
Macedonia,  Bosnia,  Herzegovina,  Montenegro,  and  Dalmatia. 
These  aboriginal  cattle  are  of  the  type  Bos  taurus  europaeus,  similar 
to  the  mountain  cattle  of  Rumania,  Czechoslovakia,  and  Poland, 
whereas  the  native  peasant  valley  cattle  are  of  the  primitive  type 
similar  to  the  medium-homed  gray  steppe  cattle  of  western  Russia, 
the  long-homed  gray  steppe  cattle  brought  by  the  Magyars  from 
the  south  Volga  regions  of  western  Asia,  or  the  short-homed  gray 
steppe  cattle  introduced  into  Italy  by  the  early  Roman  emperors 
and  found  to-day  in  Italy  and  the  eastern  coast  lands  of  the  Adriatic. 
All  of  these  breeds  originated  in  Asia  and  belong  to  the  group  of 
Bos  taurus  primigenius.     (Table  112.) 

Table  112. — Cattle:  Important  native  and  foreign  breeds  in  Yugoslavia 


Type  and  breed  of  cattle 


Habitat 


Utilization 


;  taurus  primigenius: 
Steepe  cattle- 
Long  horned 


Medium-homed  (Podolian). 
Short-horned  »__ 


Alpine  cattle— Simmenthal. 


Alpine  mixed— Mariahof. 
5  taurus  europaeus: 
Short  horned— 

Illirian  brown 


North  Bosnia,  Croatia,  Slavonia, 

and  Voivodina. 

Central  Bosnia  and  Serbia 

West    Croatia,    Dalmatia,    and 

Slovenia. 
Croatia,  Slavonia,  Voivodina,  and 

a  few  in  Serbia. 
Slovenia- 


Illirian  black.. 

Illirian  spotted 

Illirian  blonde 

Dalmatian  (ancient  Roman) 

Mixed  with  primigenius  gray 

and  various  colors— mountain . 

Gray  brown  Alpine— Murztal.. 

Short-faced-MoUtal 


Middle  and  south  Bosnia,  Herze- 
govina, Montenegro,  Serbian 
Mountians. 

Bosnia 

Middle  Bosnia  and  Herzegovina... 

Northwest  Bosnia 

Dalmatia 


Serbia... 
Slovenia. 
.....do... 


Draft,  milk  production  poor. 
Quality  of  meat  indifferent. 


Meat,  milk,  and  draft. 
Do. 


Small  light-draft  animals,  in- 
different milk  and  meat  pro- 
duction. 


Degenerated  stock  (cows  weigh 
330  to  420  pounds). 

Fair  production  of  rich  milk. 
MUk  and  draft. 
Milk,  meat,  and  draft. 


1  Mixed  with  ancient  Roman  breeds;  no  constant  type. 

As  early  as  1902  the  Govemment  of  the  old  Kingdom  of  Serbia 
introduced  the  Simmenthal,  Mariahof,  Miirztal,  Algau,  and  Montafon 
breeds  from  Austria  for  crossing  on  native  stock,  but  this  breeding 
project  had  not  been  carried  very  far  so  that  at  the  outbreak  of  the 
Balkan  War  the  breeds  and  quality  of  cattle  in  old  Serbia  were  about 
the  same  as  they  had  been  for  hundreds  of  years. 

On  the  other  hand,  the  cattle  north  of  the  Danube  and  the  Sava 
Rivers  had  been  bred  for  some  decades  to  meet  the  specialized 
requirements  of  field  work,  of  the  dairv,  and,  to  a  less  extent,  of 
meat  production.  This  breeding  work  had  been  stimulated  by  the 
former  Hungarian  and  Austrian  Governments,  which  had,  before  the 
World  War,  introduced  the  Simmenthal,  Algau,  Pinzgau,  Montafon, 
English,  Dutch,  and  Hungarian  breeds  into  the  southem  districts. 

The  Croats,  Slavonians,  and  Slovenes,  like  the  Serbs  had  brought 
with  them  into  the  regions  they  occupied  the  gray  steppe  cattle  from 


n  Kolubara,  Maljen,  Jasenica,  Resava,  Bosnia,  etc. 
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Scythia  (Russia).  In  Crotia  and  Slavonia  in  1911,  however,  only 
14.3  per  cent  of  the  cattle  were  of  the  aboriginal  gray  breed,  hav- 
ing been  replaced  by  Swiss  (55.3  per  cent  of  total  numbers)  and 
other  breeds.  In  Voivodina  conditions  were  similar,  39.1  per  cent 
of  all  cattle  being  unimproved  gray  steppe  breeds,  52.1  per  cent 
Swiss,  and  8.8  per  cent  other  breeds,  including  0.4  percent  buffaloes. 
The  native  gray  cattle  in  Slovenia  had  practically  been  replaced  by 
milk  breeds — the  Molltal  milk  breed  for  highland  conditions  and  the 
general-purpose  Mtirztal  and  Mariahof  breeds  for  the  lowlands. 

In  these  northern  Districts  dairying  was  an  industry  of  growing 
importance,  but  almost  everywhere  throughout  Yugoslavia  cattle  are 
bred  almost  exclusively  as  work  animals.  Most  of  the  traction  work 
of  the  farms  is  accomplished  by  bulls,  steers,  or  cows,  yoked  indis- 
criminately together.  The  cattle  of  Yugoslavia,  after  being  worked 
a  few  seasons  in  the  fields,  are  either  slaughtered  or  are  exported  to  the 
slaughtering  centers  of  surrounding  countries. 

Although  the  ravages  of  war  greatly  depleted  the  herds  in  Yugo- 
slavia, the  post-war  recovery  was  rapid,  so  that  by  1921  cattle  numbers 
as  indicated  in  Table  113,  had  increased  to  98.1  per  cent  of  the  pre- 
war normal. 


Table  113. 


-Cattle,  including  buffaloes:  Number  in   Yugoslavia,  pre-war  period^ 
and  1921-1926 


Cattle 

District  and  year 

Total 

Per  1,000 
acres 

Per  1,000 
popula- 
tion 

Pre-war  period: 
1910- 

Old  Kingdom  of  Serbia       .                 .                 .              .    .. 

Number 
1964,355 

2  28,  336 
3  613,  076 

3  82, 083 
*  1, 309,  922 

6  92,  703 

6  1, 171,  387 
M60,883 
8  385,365 

Number 

}       80.4 

54.4 
34.4 
103.5 
29.5 

108.2 
115.2 
79.2 

Number 

f        331. 2 

1        391.3 

368.3 

Ceded  bv  Bulgaria 

South  Serbia .    

Montenegro  . 

344.3 

Bosnia-Herzegovina ...  .    ..    .. 

678.1 

Dalmatia .      .              ..                                                

146.8 

1910-11- 

Crntia,  Rlavonia,  Mftdjmnrje,  TTrk,  and  Kastav  . . 

428.8 

Slovenia  and  Prekmurje 

433.3 

1911— Voivodina 

284.9 

Total- 

5,108,110 

83.1 

405.4 

Post-war  period: 

1921... 

9  5,011,000 
10  4, 090,  000 
10  3,  902.  000 
10  3,  813,  000 
10  3,  796, 000 
"3,900,000 

81.5 
66.6 
63.5 
62.0 
61.8 
63.5 

417.0 

1922.. 

335.9 

1923  . 

316.4 

1924 

305.  2 

1925 . 

300.1 

1926 

304.5 

1-9  Same  as  notes  1  to  9  in  Table  111. 

10  For  work  animals  only  (17,  1925-26). 

11  Estimate  for  cattle  only  from  supplementary  report  of  Consul  S.  E.  McMillan,  Mar.  28, 1927. 

This  high  level  in  cattle  numbers  was  reached  by  encouraging  the 
free  interchange  of  stock  within  the  country.  Exportation  was  pro- 
hibited. Slaughter  of  young  stock  was  forbidden  and  restrictions 
were  placed  upon  the  slaughter  of  full-grown  stock.  In  addition, 
livestock  was  demanded  from  Germany,  Hungary,  and  Bulgaria  in 

Eayment  of  reparations.     Government  breeding  stables  were  estab- 
shed  and  as  far  as  possible  the  animals  received  from  exenemy 
countries  were  employed  for  breeding  and  replacement. 
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In  1922,  the  numbers  of  cattle  reported  in  Yugoslavia  showed  a 
decrease  of  911,000  below  the  enumeration  of  1921.  This  is  chiefly 
because  the  1922  figure  pertains  only  to  cattle  employed  as  draft 
animals  and  does  not  include  bulls  and  cows  employed  for  reproduc- 
tion, dairy  cows,  calves,  or  young  stock.  Exportation  of  cattle  was 
permitted  in  1920  and  beginning  with  the  year  1921  more  than  100,- 
000  cattle  have  been  sent  abroad  each  year.  The  numbers  of  cattle 
employed  as  work  animals  have  fluctuated  somewhat  until  1926, 
in  which  year  they  were  reported  at  3,900,000  as  compared  with 
4,090,000  in  1922.  The  numbers  of  total  cattle  greatly  exceed  those 
employed  in  farm  work. 

It  is  probable  that  in  1926  the  combined  number  of  all  classes  of 
cattle  in  Yugoslavia  was  equal  to  or  exceeded  the  pre-war  estimated 
number  given  in  Table  113. 

International  Trade  in  Cattle 

During  1911,  the  last  normal  year  before  the  Balkan  War,  the  old 
Kingdom  of  Serbia  exported  17,788  head  of  cattle  to  Italy  and  Malta, 
as  well  as  358  head  to  Bulgaria.  During  the  4-year  period  ended 
1912,  Bosnia-Herzegovina,  although  importing  cattle  probably  into 
the  western  deficit  regions,  exported  from  the  northeastern  surplus 
regions.  The  result  was  an  average  net  export  of  63 , 1 1 0  head  annually. 
The  "southlands"  of  the  former  Austrian  Empire,  including  Dalmatia 
and  most  of  Slovenia,  shipped  an  average  of  only  53  cattle  to  Vienna  ^^ 
during  1909-1913. 

There  is  no  separate  record  of  shipments  of  animals  from  Croatia- 
Slavonia  or  Voivodnia,  but  it  is  probable  that  a  very  considerable 
portion  of  the  317,370  cattle  exported  annually  from  the  former 
Kingdom  of  Hungary  during  1909-1913  originated  in  these  southern 
Districts. 

Since  1921,  as  indicated  in  Table  114,  the  exportation  of  cattle  from 
Yugoslavia  has  ranged  between  105,385  (1922)  and  206,513  (1923), 
the  1926  shipments  abroad  being  126,877. 

Table  114. — CaUle:  Exports  and  average  export  price  in  Yugoslavia,  1920-1926 


Year 

Total 
export 

Average  export 
price  per  head 

Year 

Total 
export 

Average  export 
price  per  head 

1920 

Number 

1,445 

108, 214 

105,385 

206,513 

Dinars 
2,645 
2,176 
3,167 
4,112 

DoUarsi 
90.58 
47.10 
42.34 
43.88 

1924 

Number 
168,100 
111,352 
126,877 

Dinars 
4,450 
3,792 
2,800 

Dollars  i 
56.40 

1921 

1925 

64.38 

1922 

1926          

49.47 

1923 

Exports,  1920-1924  and  1926,  and  average  export  prices,   1920-1926,  from  supplementary  report  of 
Consul  S.  E.  McMillan,  dated  Mar.  28,  1927. 
Exports  1925,  from  annual  rerx>rt  on  commerce  and  industries  for  1928  of  S.  £.  McMillan,  Mar.  28, 1927. 

»  See  Table  99  for  number  of  dinars  per  United  States  dollar. 

During  the  first  six  months  of  1927,  73,806  mature  cattle  and  calves 
were  sent  to  foreign  countries,  as  compared  with  ^1,572  during  the 
similar  period  of  the  previous  year. 

Toward  the  end  of  July  it  became  apparent  that  most  of  the  pas- 
tures in  the  country  had  been  scorched  by  the  sun  so  the  peasants 
were  obliged  to  begin  feeding  the  hay  that  thev  had  stacked  for 
winter  use.  This  is  reported  to  have  been  followed  by  heavy  market- 
ing of  livestock. 

•«  There  are  no  records  of  other  shipments. 
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The  frequency  of  droughts  in  the  lower  Danube  countries — 
Yugoslavia,  Bulgaria,  and  Rumania — is  the  great  drawback  to  the 
expansion  of  the  cattle  industry  in  this  region. 

Meat  and  Meat  Products 

During  the  past  century  it  had  been  the  custom  for  agents  of  foreign 
buyers  to  canvass  the  market  centers  of  the  old  Kingdom  of  Serbia 
and  to  concentrate  exportable  quantities  of  such  products  as  were 
in  demand  in  their  home  countries.  It  was  not  customary  for  Serbian 
individuals  or  organizations  to  seek  markets  in  foreign  lands.  This  was 
also  the  case  to  a  more  intensified  degree  in  Bosnia-Herzegovina  and  in 
Croatia-Slavonia.  There  were  no  facilities  for  shipping  fresh  meat  in 
summer.  In  winter,  export  of  imcured  meats  was  possible,  but  it 
was  difficult  for  Serbians  to  engage  in  such  a  restricted  seasonal  trade. 

For  these  reasons  the  custom  arose  of  shipping  live  animals  to  the 
large  slaughtering  centers — Vienna,  Prague,  Budapest,  Italian  points, 
Istambul  (Constantinople),  and  through  Salonika  to  various  destina- 
tions in  the  Orient.  The  shipments  of  animal  products  were  confined 
almost  exclusively  to  cured  meats  imtil  a  few  years  before  the  World 
War,  when  facilities  were  perfected  to  ship  carcasses  from  Belgrade 
to  Budapest  and  from  Bosnia  to  Vienna. 

From  the  viewpoint  of  prime  beef  production,  the  quality  of  the 
cattle  marketed  from  the  Districts  south  of  the  Danube  and  the 
Sava  was  very  low.  Bosnia-Herzegovina  exported  an  average  of 
5,232  head  of  cattle  to  the  Vienna  market  during  1909-1913,  of  which 
only  110  were  classified  as  prime  animals. 

North  of  the  Danube  and  the  Sava,  conditions  were  far  different. 
Cattle  and  swine  were  stall-fed  on  corn  in  Voivodina  and  in  Croatia- 
Slavonia  in  much  the  same  manner  as  in  the  Corn  Belt  of  the 
United  States. 

During  1911,  the  last  normal  year  before  the  Balkan  War,  the  old 
Kingdom  of  Serbia  exported  13,757,648  pounds  of  fresh  beef  to  Aus- 
tria-Hungary. There  are  no  separate  records  of  beef  shipments  from 
Yugoslavia  since  the  World  War. 

Dairying 

The  milk  industry  was  one  of  the  least-developed  and  most-back- 
ward branches  of  agriculture  in  old  Serbia,  south  Serbia,  Bosnia, 
Herzegovina,  Montenegro,  Dalmatia,  and  Slovenia.  In  most  of  these 
Districts  cattle  were  bred  almost  exclusively  as  work  animals;  meat 
production  was  of  secondary  importance.  Cows  were  seldom  milked 
on  peasant  farms  and  the  calves  were  allowed  to  run  with  their 
mothers.  It  was  the  common  practice  to  yoke  cows  with  steers  or 
bulls  as  draft  animals,  as  a  mare  would  be  harnessed  in  a  team  of 
horses. 

In  the  vicinity  of  Belgrade  and  other  cities  a  few  cows  which  more 
nearly  approached  the  dairy  types  were  kept  to  supply  liquid  milk 
to  the  hotels  and  the  families  of  the  upper  classes,  but  these  estab- 
lishments were  very  primitive.  They  also  furnished  a  portion  of  the 
butter,  cream,  and  cheese  requirements  of  these  cities,  but  Belgrade 
and  other  large  cities  had  to  depend  upon  the  former  southern  Hun- 
garian Districts  of  Croatia,  Slavonia,  and  Voivodina  for  much  of 
their  supply  of  dairy  products. 

In  Croatia,  Slavonia,  and  Voivodina  dairy  herds  have  been  devel- 
oped with  the  mottled  Triburg,  Simmenthal,  and  gray  cattle  from 
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Switzerland.  More  than  half  of  the  cattle  in  these  Districts  are 
improved  dairy  stock.  The  dairy  industry  of  Yugoslavia  is  now 
not  only  able  to  supply  the  requirements  of  the  Kingdom  itself,  but 
produces  a  considerable  surplus  for  export. 

During  1923,  1924,  and  1925,  the  exports  of  butter  were  273  short 
tons,  308  short  tons,  and  170  short  tons  respectively.  The  cheese 
exports  were  respectively:  1,206  short  tons,  525  short  tons,  and  177 
short  tons. 

SWINE 

It  is  not  impossible  that  the  migrating  Slavs  brought  swine  with 
them  into  the  Balkans.  It  is  certain  that  they  found  various  native 
races  in  the  land  when  they  arrived.  One  of  these  races  was  the 
black,  long-legged,  arched-back  Roman  hog  that  is  found  to-day  in 
the  coast  lands  and  islands  of  Dalmatia.  The  Serbs  early  developed 
local  breeds  of  swine  which  were  superior  to  those  in  the  neighboring 
countries  to  the  north.  The  most  common  type  of  hog  thus  developed 
was  the  progenitor  of  the  present  Schumadija  (Sumadia)  breed, 
called  after  the  District  of  that  name.  These  swine  are  long  and 
rangy  but  are  resistant  to  inclement  conditions  and  to  disease.  There 
is  a  similar  breed  of  native  swine  called  Moravia. 

Prince  Milos  of  Topschider,  who  was  a  swine  breeder  of  wide 
vision,  perceived  the  immense  profit  that  would  accrue  to  Serbia 
through  the  sale  of  hogs  in  Hungary  and  Austria  and  sent  agents  to 
the  north  with  great  droves  of  the  swine  that  he  had  developed, 
called  Schumadija-Mongolicza  (Angolica,  Mangolica).  These  hogs 
were  also  driven  great  distances  on  foot  to  be  marketed  in  Styria, 
Austria,  and  in  Bavaria,  Germany.  At  first  there  was  a  large  sale 
of  superior  Serbian  hogs  in  central  Europe  but  early  in  the  nine- 
teenth century  the  Hungarians  began  themselves  to  breed  Mangolica 
swine. ®^ 

The  territories  that  constitute  the  present  State  of  Hungary,  in 
the  vicinity  of  Budapest  and  west  to  the  Austrian  frontier,  were 
engaged  chiefly  in  producing  meat  and  milk  for  the  Vienna  market. 
The  peasants  in  this  region  did  not  breed  all  the  animals  they  fed 
nor  grow  all  the  feed  required  for  fattening  stock.  Cattle  and  swine, 
corn  and  other  feeding  stuffs,  were  shipped  in  from  outlying  Provinces 
of  the  old  Kingdom  of  Hungary  and  from  adjacent  countries  including 
Serbia. 

As  early  as  1870,  Serbia  sent  216,160  lean  hogs  to  the  commercial 
feeding  establishment  at  Kob^nya  near  Budapest.  During  succeeding 
years  numbers  fluctuated  somewhat  but  reached  a  maximum  in 
1893  when  250,570  were  sent. 

However,  competition  from  provincial  Hungary  had  grown  stronger 
and  in  1893,  Kobanya  received  624,288  hogs  from  outlying  Hunga- 
rian districts.  During  the  5-year  period  ended  1905,  Serbia  exported 
an  average  of  129,390  hogs  to  Hungary  each  year. 

In  1906  the  Aus trio-Hungarian  agricultural  protective  tariff  went 
into  effect  and  in  August  of  that  year,  shipments  of  swine  from  Serbia 
abruptly  ceased.  The  bitter  feeling  engendered  in  the  Serbs  at  this 
time,  on  being  shut  out  of  the  markets  of  the  Hapsburg  Empire,  is 
said  to  have  led  to  the  events  that  precipitated  the  World  War,  which 
in  the  Balkans,  is  often  spoken  of  as  "tne  war  of  the  Serbian  hog." 

"By  1911  this  improved  Serbian  breed  had  so  replaced  native  strains  In  the  territories  now  constitut- 
ing residual  Hungary  that  more  than  90  per  cent  of  all  hogs  were  Mangolicas. 
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By  1911  the  exportation  of  hogs  (live  and  slaughtered)  from  Serbia 
had  dwindled  to  a  few  thousand;  only  8,649  animals  were  sent  abroad 
in  that  year  to  Bulgaria  and  Rumania. 

The  hog  situation  and  the  potentialities  of  pork  production  in 
Yugoslavia  are  important  to  American  farmers  because  this  region, 
as  well  as  northwestern  Rumania  (the  Ban  at  and  Crisana),  may 
develop  keen  competition  with  American  lard,  pork,"  and  pork  products 
in  the  markets  of  central  Europe. 

Just  preceding  the  World  War  more  than  60  per  cent  of  the  swine 
in  the  territories  now  comprising  Yugoslavia  were  found  north  of  the 
Danube  and  the  Sava.  These  swine  were  almost  exclusively  Mongo- 
licas  or  the  fat  type  of  hog,  although  some  English  and  German  im- 
proved breeds  were  found,  particularly  in  Slovenia. 

About  22  per  cent  of  the  pre-war  numbers  of  swine  were  found  in 
the  old  Kingdom  of  Serbia  and  13  per  cent  of  Bosnia  and  Herzegovina. 

In  the  mountain  regions  south  of  the  Sava  River,  the  swine  are 
more  of  the  razorback  imimproved  type.  The  improved  native  types 
are  coarse  and  fat — better  adapted  to  the  production  of  lard  and  fat 
salt  side  pork  than  of  bacon  comparable  with  the  Danish  product 
representing  the  European  standard  of  excellence.  Nevertheless,  hogs 
that  are  grazed  in  the  oak  and  beech  forests  feeding  upon  acorns  and 
nuts,  develop  a  highly  flavored  flesh  that  has  created  a  demand  for  Ser- 
bian hams  in  certain  European  cities. 

In  recent  years,  considerable  numbers  of  Yorkshires  and  Berkshires 
had  been  introduced  for  building  up  native  breeds,  but  their  influence 
had  not,  as  yet,  become  commercially  important  at  the  outbreak  of 
the  Balkan  war. 

According  to  the  eniunerations  taken  in  Himgary  in  1911  and  other 
territories  in  1910,  there  were,  before  the  World  War,  about  3,924,984 
swine  in  the  territories  now  comprising  Yugoslavia.  As  indicated  in 
Table  115,  swine  numbers  had  recovered  to  85.9  per  cent  of  the  pre- 
war normal  by  1921. 


Table  115. — Hogs:  Number  in  Yugoslavia,  pre-war 

period,  and  1921- 

1926 

Hogs 

District  and  year 

Total 

Per  1,000 
acres 

Per  1,000 

Pre-war  period: 
1910- 

Old  Kingdom  of  Serbia 

Number 
1865,769 
2 16, 579 
'78,707 
*  10,  542 
5  527,271 
8  61,449 

91,199,565 

7  447,  111 

8  717,991 

Number 

}       71.5 

7.0 
4.4 
41.7 
19.5 

110.8 
111.7 
147.5 

Number 

f       319. 3 

1        229.0 

47.3 

Ceded  by  Bulgaria... 

South  Serbia 

Montenegro 

44.2 

Bosnia-Herzegovina 

272.9 

Dalmatia 

97.3 

1910-11— 

Croatia,  Slavonia,  Medjmurje,  Krk,  and  Kastav 

439.1 

Slovenia  and  Prekmurje 

420.3 

1911— Voivodina 

530.7 

Total 

3,  924, 984 

63.8 

311.5 

Post-war  period: 

1921. _ 

9  3, 373, 000 
10  2,887,000 
10  2, 497, 000 
10  2,  518,  000 

10  2,  802,  000 

11  3,  000,  000 

54.9 
47.0 
40.6 
41.0 
45.6 
48.9 

280.7 

1922. 

237. 1 

1923 

202  4 

1924. 

201  6 

1925 

221.5 

1926. 

234  2 

J-»  Same  as  notes  1  to  9  in  Table  111. 

w  For  swine  found  only  on  farms  {17, 1925-26). 

11  Estimate  from  supplementary  report  of  Consul  Stewart  E.  McMillan,  dated  Mar.  38, 1927, 
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The  production  of  pork  in  Yugoslavia  since  the  World  War,  has 
been  hampered  by  export  taxes  on  hogs,  lard,  and  pork  products, 
levied  with  the  view  not  only  of  yielding  revenue  to  the  State  but  also 
of  keeping  down  the  cost  of  living  in  the  cities.  The  short  corn  crops 
of  1921  to  1923  made  feeding  very  expensive  and  swine  numbers  and 
exports  decreased  as  Yugoslavian  farmers  could  not  pay  the  tax  and 
compete  in  the  markets  of  Budapest,  Vienna,  and  Prague  with  the 
more  favorably  situated  farmers  in  other  States. 

Swine  numbers  in  1924  had  recovered  somewhat  from  the  low  level 
reached  in  1923  but  there  was  an  exportation  of  only  86,183  hogs  and 
147,512  pounds  of  lard  from  the  eastern  Districts.  On  the  other 
hand  the  western  Districts  imported  from  the  United  States  and  other 
countries  22,287,316  pounds  of  animal  fats.  This  foreign  com- 
petition, brought  to  the  very  doors  of  the  home  markets  of  the  Yugo- 
slavian farmer,  induced  the  Government  to  place  high  import  duties 
on  hog  fats  effective  June  30,  1925,  and  on  November  29  of  that  year 
all  export  duties  on  Uve  hogs  were  aboUshed  by  a  decree  of  the  Govern- 
ment. Nevertheless,  local  markets  remained  stagnant  and  during 
that  year  only  70,266  hogs  were  shipped  up  the  Danube. 

Bumper  crops  of  com  were  raised  during  1924  and  1925  and 
(although  during  the  latter  year  more  than  twice  as  much  corn  was 
sent  abroad  as  the  average  exported  during  1909-1913)  at  the  same 
time  domestic  disappearance  was  greater  than  before  the  World  War. 
By  1925,  swine  numbers  had  increased  to  2,802,000  and  the  follow- 
ing year  although,  297,870  hogs  were  exported  (Table  116),  swine 
numbers  increased  to  about  3,000,000  according  to  a  preliminary 
estimate. 


Table  116.— 

-Hogs:  Exports  and  average  export  price  in 

Yugoslavia,  1920-1926 

Year 

Total 
export 

Average  export 
price  per  head 

Year 

Total 
export 

Average  export 
price  per  head 

1920 

Number 

22,  m 

219, 251 

117,401 

140, 441 

Dinars 

1,210 

953 

2,000 

3,190 

DoUcrsi 
41.44 
20.63 
26.74 
34.04 

1924 

Number 
86,183 
70,266 

297,870 

Dinars 
3,147 
1,758 
1,140 

DoUarsi 
39.89 

1921 

1925      

29.85 

1922 

1926 

20.14 

1923 

From  supplementary  report  of  Stewart  E.  McMillan,  dated  Mar.  28, 1927. 
1  See  Table  99  for  number  of  dinars  per  United  States  dollar. 

The  com  crop  of  1926  was  somewhat  lighter  than  that  of  the 
previous  year  but  was  still  18,000,000  bushels  greater  than  the  pre- 
war average  net  production.  Greater  numbers  of  swine  were  put 
on  feed  than  in  the  winter  of  1925-26  so  that,  during  the  first  six 
months  of  1927,  179,602  hogs  were  exported  as  compared  with 
80,153  during  the  similar  period  of  the  year  before.  The  corn 
exported  abroad  during  this  period  was  only  25.8  per  cent  of  that 
exported  during  the  first  6  months  of  1926. 

The  corn  belt  of  Yugoslavia  can  produce  large  numbers  of  ho^ 
when  the  weather  conditions  are  favorable  to  the  crop  and  it  is 
probable  that  the  future  trend  of  farming  in  the  northeast  districts 
of  the  Kingdom  of  Yugoslavia  will  be  toward  increased  feeding  of 
corn  to  hogs  and  the  exportation  of  Uve  animals  and  pork  products 
rather  than  toward  the  shipment  of  corn  as  graia  to  rival  pork- 
producing  countries  to  the  north. 


44874°— 29- 
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International  Trade  in  Pork  and  Pork  Products 

The  blow  given  to  the  Hve-hog  export  trade  of  the  old  Kingdom  of 
Serbia  by  the  Austro-Hiingarian  tariff  of  1906  acted  as  a  stimlus  to 
the  pork-pacldng  industry  to  such  an  extent  that  in  1911  pork  exports 
to  Budapest  and  Italy  reached  19,451,911  pounds.  Shipments  of 
small  pigs  to  France  and  Italy  reached  565,273  pounds,  and  50,018 
pounds  of  cured  hams  and  shoulders  went  to  Italy,  Turkey,  Bulgaria 
and  Switzerland. 

Exports  of  lard  to  Germany,  Austria-Hungary,  and  Switzerland 
reached  2,838,868  pounds. 

During  the  4-year  period  ended  1912,  Bosnia-Herzegovina  shipped 
an  average  of  31,258  carcasses  and  14,158  live  hogs  to  northern  points. 

In  1914,  Croatia-Slavonia  shipped  119,272  hogs  and  Slovenia 
14,895  hogs  to  Vienna. 

Since  1924,  exports  of  meat  (probably  pork)  have  increased  to 
47,408,990  poimds  in  1926.  As  shown  m  Table  117,  Yugoslavia 
exported  2,420,697  pounds  of  meat  products  and  2,858,769  pounds  of 
pork  lard  in  that  year. 

Although  the  eastern  Districts  of  Yugoslavia  have  exported  increas- 
ing quantities  of  lard  since  1924,  these  exports  have  been  more  than 
offset  by  imports  of  animal  fats  into  the  western  deficit  Districts. 
These  importations  were  22,287,000  pounds  in  1924, 10,624,000  pounds 
in  1925,  and  8,653,000  pounds  in  1926. 

Table  117. — Meat  and  meat  products:  Exports  from  Yugoslavia,  1922-1926 


Item 

1922 

1923 

1924 

1925 

1926 

Meat                               

Pounds 

}  47, 576, 326 

(0 

Pounds 
48, 635, 297 
643,  637 

Pounds 

f  37,881,997 

\    4,437,800 

147,  512 

Pounds 
26,  419,  657 
2,  809,  844 
177, 056 

Pounds 

47,  408,  990 

Meat  products 

2,  420,  697 
2,  858,  769 

Pork  lard 

Compiled  from  reports  of  Consul  K.  S.  Patton,  Aug.  16, 1924,  and  Mar.  30, 1925,  and  from  report  of  Consul 
Stewart  E.  McMillan,  Mar.  28,  1927. 

1  Not  separately  stated. 

Pork  is  the  chief  meat  ration  of  the  peasants  of  Yugoslavia.  Among 
the  Slavs,  as  among  the  Bulgarian  and  Rumanian  peasants,  it  is 
customary  to  have  a  roast  pig  at  Christmas  time,  whereas  pork 
(fresh  and  cured)  with  baby  lamb  (4  to  5  days  old)  and  mutton  con- 
stitute almost  exclusively  the  meat  diet  of  the  peasant,  who  seldom  if 
ever  eats  beef  or  veal.  Although  the  peasants  of  Yugoslavia  eat  a 
considerable  portion  of  the  pork  they  produce,  the  country  as  a  whole 
is  a  com  country  in  which  large  quantities  of  hog  feed  can  be  produced 
cheaply.  It  is  probable  that  with  the  development  of  the  economic 
status  of  Yugoslavia  this  country  will  become  an  active  competitor, 
together  with  Hungary  and  to  a  less  extent  with  Rumania,  against 
the  United  States  for  the  pork  and  lard  trade  of  central  Europe. 

The  great  drawbacks  to  swine  production  are  the  uncertainty  of 
the  corn  crop  and  the  prevalence  to  contagious  diseases  on  account  of 
poor  sanitation  and  the  general  ignorance  of  the  peasants  concerning 
infection. 
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The  migrating  Serbs  brought  with  them  their  flocks  of  sheep  on 
which  they  subsisted  in  their  wanderings  across  the  plains  of  present- 
day  Hungary.  These  sheep  were  of  the  coarse-wool,  milk-producing 
types,  and  to  this  day  the  Yugoslavs  have  depended  upon  their  sheep 
for  milk,  cheese,  and  meat,  as  well  as  for  wool  from  which  to  spin  and 
weave  their  coarse  garments.  The  skins  are  soft  tanned,  with  the 
long  hair  left  on,  and  every  peasant  has  a  greatcoat  made  from  such 
skins  with  the  hair  inside.  The  pelts  of  lambs,  black,  with  the  hair 
tightly  curled,  are  used  to  make  the  native  cap  universally  worn  by 
the  peasants. 

Whereas  more  than  60  per  cent  of  the  swine  are  found  in  the  three 
northern  Districts  of  Yugoslavia,  fully  85  per  cent  of  the  sheep  are 
found  south  of  the  Danube  and  the  Sava. 

There  are  several  breeds  of  these  ancient  types  of  sheep:  The 
Krivovir  and  the  Kraljevo  breeds  are  prized  for  their  meat  and  milk, 
whereas  the  breeds  raised  primarily  for  their  wool  are  the  Pirot, 
Vlasks,  Ovce-Polje  (Pohsh),  Bosnian,  Raczka,  and  Czigaja. 

The  Government  has  imported  Oxfordshires,  Hampshires,  Merinos, 
and  Karakuls  to  improve  local  breeds. 

South  of  the  Danube,  the  sheep  are  abnost  exclusively  of  the 
native  unimproved  varieties.  The  same  conditions  hold  true  in 
Croatia-Slavonia  where  in  1911  only  3.9  per  cent  of  the  sheep 
were  Merinos  and  1.9  per  cent  English  and  other  types;  whereas 
94.2  per  cent  were  Czigajas  and  Raczka  (a  breed  brought  from  the 
south  Volga  regions  in  Russia  by  the  Hungarians  in  the  tenth  century). 
Conditions  are  somewhat  better  in  Voivodina  where  there  were  17.1 
per  cent  of  Merinos,  4.8  per  cent  of  English  and  other  types,  and 
78.1  per  cent  unimproved  native  breeds. 

South  of  the  Danube  and  the  Sava,  the  sheep  belonging  to  the 
peasants  of  a  village  are  assembled  into  one  flock  and  sent  out  to 
pasture  upon  the  neighboring  mountain  slopes  in  charge  of  a  single 
shepherd.  When  warm  weather  comes  they  are  sheared  and  returned 
to  pasture  until  cold  weather.  In  the  fall  a  number  are  retained  for 
reproduction  purposes  and  the  remainder  are  slaughtered.  The 
custom  of  killing  the  sheep  in  the  fall  was  developed  to  save  the 
expense  of  feeding  during  the  winter  months. 

The  ravages  of  war  greatly  depleted  the  numbers  of  sheep  in  the 
territories  now  comprising  the  Kingdom  of  Yugoslavia.  By  1921 
the  flocks  had  recovered  to  only  66.8  per  cent  of  the  pre-war  average 
found  on  farms  of  Yugoslavia.     (Table  118.) 

The  winter  carry-over  of  sheep  in  Yugoslavia,  which  has  fluctuated 
somewhat  in  recent  years,  has  exhibited  a  tendency  to  increase  since 
1923  reaching  7,907,000  in  1925,  as  compared  with  7,011,000  in 
1921  and  10,499,000  before  the  World  War. 

In  1911  the  old  Kingdom  of  Serbia  shipped  61,998  sheep  and 
11,990  goats  to  Turkey  and  Greece  and  4,380  lambs  to  Turkey. 
During  1909-1912  Bosnia-Herzegovina  exported  (net)  annually  an 
average  of  96,948  sheep  and  goats. 

There  are  no  data  on  shipments  of  sheep  from  the  other  districts 
now  comprising  Yugoslavia. 

In  1923  and  1924,  nearly  400,000  sheep  and  goats  were  sent  abroad. 
In  1925,  this  number  was  swelled  to  504,383  and  in  1926  was  further 
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increased  to  587,944.    Most  of  the  sheep  exported  from  Yugoslavia 
are  shipped  to  the  Orient  through  the  port  of  Salonika. 

Table  118. — Sheep:  Number   in    Yugoslavia,    pre-war    period,    and    1921-1925 ^ 
with  exports  for  1921-1926 


Sheep 

District  and  year 

Total 

Per  1,000 
acres 

Per  1,000 
of  the 

Exports 

Pre-war  period: 
1910— 

Old  Kingdom  of  Serbia... 

Number 
13,818,997 

2 146, 874 
3 1, 374, 555 

3  238,  576 
*  2, 499,  422 

6  874,  290 

6  878,  032 

7  61,  412 

8  607, 139 

Number 
321.3 

Number 
1,311.6 
2, 028.  3 
825.7 
1,000.6 
1,  293. 8 
1,384.2 

321.4 

57.7 

448.8 

Number 

Ceded  by  Bulgaria 

South  Serbia 

122.1 
99.9 
197.6 
278.0 

81.1 

15.3 

124.7 

Montenegro 

Bosnia-Herzegovina..      _      _ 

Dalmatia... 

1910-11— 

Croatia,  Slavonia,  Medjmurje,  Krk,  and  Kastav 

Slovenia  and  Prekmurje 

1911— Voivodina. 

Total  - 

10, 499,  297 

170.8 

833.3 

Post-war  period: 
1921 

9  7,011,000 
118,462,000 
11  7,  639,  000 
11  7,  619,  000 
11  7, 907, 000 

114.0 
137.6 
124.3 
123.9 
128.8 

683.4 
695.0 
619.3 
609.9 
625.1 

10 135, 608 

1922 

12  157, 818 

1923- 

13  387, 452 

1924 

13  387,  020 

1925 

"  504,  383 

1926  . 

"  587, 944 

1-10  Same  as  notes  1  to  10  in  Table  111. 

11  (77,  1925-26). 

12  Includes  goats;  compiled  from  reports  of  Consul  K.  S.  Patton,  dated  Aug.  18,  1924. 

13  Includes  goats;  compiled  from  reports  of  Consul  K.  S.  Patton,  dated  Mar.  30,  1925. 

"  Includes  goats;  compiled  from  report  of  Consul  Stewart  E.  McMillan,  dated  Mar.  28,  1927. 

Wool 

After  the  wool  is  clipped  in  Yugoslavia,  it  is  customary  to  wash  it 
superficially  and  sell  to  some  dealer  in  the  next  neighboring  market, 
who  in  turn  sells  it  to  a  merchant  in  a  larger  adjoining  town.  In 
this  manner,  after  passing  through  the  hands  of  five  or  six  dealers, 
the  wool  was  concentrated  in  the  more  important  centers  and  passed 
into  the  hands  of  the  manufacturers  and  (before  the  World  War)  of 
the  exporters.  Practically  all  the  wool  exported  from  Yugoslavian 
territory  before  the  World  War  went  to  Bohemia  and  Vienna,  whose 
merchants  maintained  traveling  agents  to  buy  up  the  wool  in  small 
lots  dealing  directly  with  the  producers  or  one  of  the  smaller  buyers. 

There  are  no  official  statistics  on  wool  production.  According 
to  the  officials  of  the  Ministry  of  Agriculture  the  sheep  in  the  Kingdom 
were  classified  as  follows  in  1923:^^ 

Number 

Breeding  ewes 4,  782,  764 

Breeding  rams 381,  069 

Other  mature  sheep 730,  484 

Total  mature  sheep 5,  894,  317 

Lambs  under  1  year 1,  744,  940 

Total 7,  639,  257 


8»  From  report  of  Consul  H.  S.  Bursley  dated  June  26, 1925.    In  the  report.  Consul  Bursley  refers  to  these 
data  as  of  the  year  1924.    The  total  is  that  of  sheep  numbers  in  1923. 
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The  sheep  over  one  year  of  age  yield  on  the  average  4.4  pounds  of  wool  each 
per  year.  Sixty  per  cent  of  the  lambs  yield  an  average  annual  cut  of  1.7  pounds 
each.  The  remainder  of  the  lambs  are  used  as  food  before  reaching  the  wool- 
bearing  age.^7 

In  1923,  the  wool  clip  of  this  country  may  be  considered  to  have  been:  From 
mature  sheep  25,989,000  pounds,  from  lambs  1,731,000  pounds,  totaling  27,720,- 
000  pounds. 

The  exportation  of  wool  was  prohibited  in  1921,  and  there  are  no 
records  of  imports. 


Table  119. — GoiitSf  mules  and  donkeys:  Number  in 

and  1921-1925 

Yugoslavian 

pre-war 

period, 

District  and  year 

Qoats 

Mules 

Donkeys 

Pre-war  period: 
1910- 

Old  Kingdom  of  Serbia  « 

Number 

630,579 

28,739 

430,246 

76,  616 

1,393,068 

249,033 

96,366 

16,323 

1,658 

Number 

611 

66 

6,623 

1,230 

473 

14,081 

1,010 
66 
44 

Number 
1,011 
280 

Ceded  by  Bulgaria  » 

Soutli  Serbia ' 

65,628 
3,810 
6,377 

27,618 

3,650 
313 

Montenegro '..    .    .... 

Bosnia-Herzegovina*... 

Dalmatia* 

1910-11— 

Croatia,  Slavonia,  Medjmurje,  Krk,  and   Kastav« 

Slovenia  and  Prekmurje  '.. .' 

1911— Voivodina  8 

1,418 

Total 

2,920,427 

24,183 

100,105 

Postwar  period: 

1921 » 

1,563,000 
1,801,000 
1,  730, 000 
1,  718,  000 
1,811,000 

18,000 
15,000 
15,000 
14,000 
16,000 

84,000 
86,000 
98,000 
90,000 
95,000 

1922  (/7,  1925-2e)  .  . 

1923(17,1925-26) 

lQ2i  (17,  1925-26) 

1925  (17,  1925-26)... 

After  1921  donkeys  represent  farm  animals  only. 
i-«  Same  as  notes  1  to  9  In  Table  111. 

CONCLUSIONS  REGARDING  YUGOSLAVIAN  AGRICULTURE 

Yugoslavia  is  a  conglomerate  of  territorial  units  whose  inhabitants, 
though  related  by  blood,  exhibit  different  racial  tendencies  as  regards 
their  farm  activities.  The  influence  of  these  racial  tendencies  upon 
production  has  been  modified  by  the  physical  characteristics  of  the 
various  parts  of  the  Kingdom.  The  northeastern  part  of  Yugoslavia, 
lying  in  the  valley  of  the  Danube  and  its  tributaries,  is  a  region  of 
large  surplus  production  with  easy  access  to  cheap  water  transporta- 
tion up  the  Danube  to  central  Europe  and  down  the  river  to  the 
Black  Sea  ports  and  thence  to  western  Europe.  The  western, 
southern,  and  southwestern  parts  of  the  country  produce  little  if 
any  exportable  surpluses  and,  as  a  rule,  require  additional  cereals  to 
supplement  local  production. 

The  exportation  of  all  classes  of  farm  products  from  the  north- 
eastern surplus  districts  is  well  organized  whereas  there  are  very 
poor  means  of  interchan^ng  goods  between  eastern  and  western 
parts  of  the  Kingdom.  Consequently,  the  western  Districts  have 
imported  flour  and  animal  fats  from  the  United  States  at  the  same 
time  that  the  eastern  Districts  have  exported  wheat,  flour,  hogs,  and 
pork.  This  situation  is  bound  to  be  temporary,  and  the  deficit 
Districts  have  increased  their  wheat  production  in  an  attempt  to 
be  more  nearly  independent  of  outside  sources  of  supply. 

"  These  Iambs  do  not  include  the  baby  lambs  killed  at  5  to  10  days  of  age  for  their  pelts. 
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The  greater  part  of  Yugoslavia  was  not  affected  by  the  land  reform. 
The  agriculture  of  the  whole  region  south  of  the  Danube  and  Sava 
Rivers  is  similar  to  that  of  Bulgaria — that  is,  an  agriculture  designed 
to  satisfy  home  wants.  On  farms  of  173  acres  or  less,  from  59  to  89 
per  cent  of  all  products  are  consumed  at  home.  The  farms  in  this 
part  of  the  Kingdom  were  small  even  before  the  World  War.  There 
were  many  large  estates  north  of  the  Danube  and  the  Sava,  and  in 
this  region,  as  in  Rumania,  the  land  reform  was  followed  by  increased 
corn  production.  Increases  in  corn  in  the  north  and  of  wheat  in  the 
south  and  west  have  brought  the  acreages  of  both  of  these  cereals 
above  the  pre-war  level.  The  tendency  has  been  to  cultivate  smaller 
acreages  of  rye,  barley,  and  oats  than  before  the  World  War. 

The  net  exportation  of  wheat  from  the  territories  now  comprising 
Yugoslavia  has  tended  to  be  lower  than  before  the  World  War. 
There  appears  to  be  a  trend  toward  increased  wheat  disappearance 
though  it  is  not  as  positive  as  in  Rumania.  In  recent  years,  until 
the  season  of  1927-28,  corn  exports  have  been  marked  features  of 
the  international  trade  of  Yugoslavia  as  have  been  the  shipments  of 
hogs,  pork,  and  pork  products  up  the  Danube  River  to  Budapest, 
Vienna,  and  points  north. 

The  whole  south  Danube  corn  belt  is  a  region  of  potential  corn  and 
hog  production  that  may  develop  into  proportions  of  considerable 
magnitude  and  seriously  affect  the  sale  of  United  States  pork  and 
pork  products  in  central  Europe.  But  the  peasant  farmers  of  this 
whole  region  are  ignorant  of  sanitation  and  large  numbers  of  swine 
succumb  to  disease.  The  region  is  also  subject  to  droughts  which, 
as  in  1927,  may  decrease  the  corn  crop  and  force  the  premature  mar- 
keting of  hogs.  Nevertheless,  there  are  large  possibilities  for  the 
expansion  of  the  swine  industry  in  Yugoslavia. 

A  well-developed  sugar  industry  in  Yugoslavia  is  at  present  suf- 
fering from  maladjustments  between  factories  and  growers.  Even- 
tually, these  differences  will  be  adjusted  and  the  Kingdom  of  Yugo- 
slavia will  ship  considerable  quantities  of  sugar  to  Italy  and  the 
Orient. 

The  tobacco  industry  of  Yugoslavia  passed  through  an  expansion 
period  similar  to  that  in  Bulgaria,  but  at  the  time  of  closing  this 
report  both  acreage  and  production  have  been  reduced  somewhat 
below  the  pre-war  level.  The  country  produces  sufficient  tobacco 
for  its  own  use  and  usually  has  a  surplus  for  export. 

Yugoslavia  is  a  surplus-producing  country  in  regard  to  most 
agricultural  products.  The  interest  of  the  United  States  centers 
on  the  possibilities  of  this  Kingdom  as  a  competitor  in  pork  and 
pork  products. 
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